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Resumo

Introducao: A literatura € controversa sobre o papel da ultrassonografia pré-
natal na predicao de desfechos perinatais nos casos de gastrosquise. O peso
ao nascimento é descrito como um importante fator prognéstico em neonatos
com este tipo de malformacdo e estudos relatam que formulas
ultrassonograficas criadas especificamente para esses casos apresentam
melhor desempenho na estimativa do peso fetal, mas ndo ha consenso sobre
qual o melhor modelo de predi¢do de peso a ser utilizado. Objetivos: Avaliar o
papel de parametros ultrassonograficos pré-natais na predicao de desfechos
perinatais em casos de gastrosquise. Criar uma nova formula ultrassonografica
para estimativa de peso fetal que ndo utilize medidas abdominais e compara-la
a outras férmulas com parametros ultrassonograficos bidimensionais (US2D) e
tridimensionais (US3D) quando aplicadas em fetos com gastrosquise. Métodos:
Para avaliar o desempenho de paradmetros ultrassonograficos pré-natais na
predicdo de desfechos perinatais foi realizado um estudo de coorte
retrospectiva envolvendo fetos com o diagndstico de gastrosquise isolada. Para
criar e validar a nova férmula US2D foram utilizados dados referentes a
gestantes e fetos normais coletados em um estudo prévio publicado pelo nosso

grupo. Foi realizado um estudo retrospectivo transversal envolvendo fetos com
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gastrosquise, para comparar a nova formula US2D com diferentes férmulas
US2D e US3D ja publicadas. Os sujeitos foram selecionados entre aqueles
acompanhados na Divisdo de Obstetricia do CAISM / UNICAMP. O tamanho da
amostra foi estimado em 56 pacientes para avaliar o desempenho de
parametros ultrassonograficos pré-natais na predicao de desfechos perinatais e
27 pacientes para comparar as férmulas de estimativa de peso fetal. Os dados
maternos, gestacionais e pos-natais foram descritos como freqiiéncias relativas
e absolutas, média e desvio padrao (DP), mediana e limites. A normalidade dos
dados continuos foi testada utilizando-se o teste de Kolmogorov—Smirnov.
Testes t de amostras independentes e testes de qui-quadrado foram utilizados
na comparacao de dados continuos e categoéricos, respectivamente. Analises
de regressao polinominal até o terceiro grau foram consideradas para criar a
nova formula US2D de estimativa do peso fetal sem medidas abdominais.
Calculo do erro percentual médio + DP, testes t unilaterais, testes t de amostras
pareadas com corre¢cdo de Bonferroni e testes de varidncia para amostras
pareadas foram usados para avaliar e comparar a acuracia e precisao das
férmulas. A associacdo entre dados continuos foi testada utilizando-se os
coeficientes de correlagcdo de Pearson ou Spearman e regressao logistica
univariada, conforme indicado. Valores de p < 0,05 foram considerados
significativos. Resultados: Foram incluidos 44 casos de fetos com gastrosquise
para avaliar a predicdo de desfechos perinatais por meio de parametros
ultrassonograficos pré-natais. A presenca de dilatacdo de algas intestinais intra-
abdominais (DAI) fetais aumentou o risco de complicacdes intestinais poés-

natais e a presenca de restricdo de crescimento fetal (RCF) diminuiu o risco
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deste mesmo desfecho. Nenhum outro pardmetro ultrassonografico pré-natal
pode significativamente predizer os desfechos perinatais avaliados. Foram
usados os dados referentes aos mesmos grupos de fetos normais do estudo
prévio para respectivamente criar (150 fetos) e validar (60 fetos) a nova férmula
US2D, que foi a seguinte: peso fetal estimado = 623.324 + 0.165 x DBP x CC x
CF? (DP: 12,25%). Na comparacdo entre as formulas US2D e entre as formulas
US2D e US3D, foram utilizados 44 e 28 fetos com gastrosquise isolada,
respectivamente. Os melhores desempenhos na estimativa de peso dos fetos
com gastrosquise foram obtidos com o modelo US2D proposto por Siemer e
colaboradores e com os modelos US2D e US3D criados no estudo prévio
desenvolvido pelo nosso grupo, ndo havendo diferenca estatisiticamente
significativa entre os mesmos. Conclus6es: Em fetos com gastrosquise o
achado de multipla DAI associa-se a complicacdes intestinais p6s-natais e a
presenca de RCF possui um efeito protetor para este mesmo desfecho. A nova
formula US2D sem medidas abdominais nao melhorou a estimativa do peso ao
nascimento dos fetos com gastrosquise da nossa populagcdo em relagdo as
outras formulas US2D e US3D avaliadas. Na nossa amostra de pacientes com
gastrosquise o modelo US2D de Siemer e colaboradores e os modelos US2D e
US3D criados no estudo prévio desenvolvido pelo nosso grupo apresentaram

os melhores desempenhos na estimativa do peso fetal.

Palavras-chave: gastrosquise, ultrassonografia, peso fetal.
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Summary

Background: The role of prenatal ultrasonographic parameters for the
predicition of perinatal outcomes in fetuses with gastroschisis is still
controversial. Birthweight is described as a prognostic factor and some studies
report that ultrasonographic formulas especifically created for these cases have
a better performance for fetal weight estimation, but there is no consensus about
which is the best one. Objectives: To evaluate prenatal ultrasonographic
parameters as predictors of adverse perinatal outcomes in fetuses with
gastroschisis. To create a new birthweight predicting ultrasonographic model
without abdominal measurements and compare this new formula with other two-
dimensional (2DUS) and three-dimensional (3DUS) fetalweight predicting
models already published when aplied to fetuses with gastroschisis. Methods:
To evaluate the performance of prenatal ultrasonographic parameters as
predictors of perinatal outcomes in fetuses with gastroschisis a retrospective
cohort study was conducted. To create and validate the new 2DUS formula the
same data from normal fetuses colected in a previous study of our group was
used. A retrospective cross-sectional study encompassing fetuses with
gastroschisis was carried out to compare the new 2DUS formula with other

2DUS and 3DUS formulas already published. The patients were selected among
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those followed at the Division of Obstetrics of the Center for Integral Assistance
to Women’s Health of the State University of Campinas. The sample size was
estimated in 56 patients to evaluate prenatal ultrasonographic predictors and
perinatal outcomes and 27 patients to compare the fetal weigth estimating
formulas. Maternal, pregnancy and postnatal data were described as absolute
and percentual frequencies, mean and standard deviation (SD), median and
range. Continuous data were tested for their normal distribution using the
Kolmogorov—Smirnov test. Independent samples t tests and chi-square tests
were used in the assessment of continuous and categorical variables, when
appropriate. Polynomial stepwise regression analyses up to the third order were
considered to generate a new 2DUS weight-predicting model without abdominal
measurements. Calculation of the mean percentage error + SD, one-sample t
tests, paired samples t-tests with Bonferroni adjustment and correlated variance
tests for paired samples were used to compare the performances of the
formulas. The potential association between continuous data was tested by
means of Pearson or Spearman’s Correlation Coefficient and univariate logistic
regression, as indicated. A two-tailed p-value of less than 0.05 was considered
statistically significant. Results: Forty-four fetuses were included to evaluate the
ultrasonographic prental parameters as predictors of perinatal outcomes. The
presence of fetal multiple intra-abdominal bowel dilation (IBD) was associated
with increased incidence of intestinal complications and the presence of fetal
growth restriction (FGR) had a protective effect over this outcome. No other
prenatal ultrasographic parameter could significantly predict the perinatal

outcomes evaluated. It was used the same data from our previous study on 150
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normal fetuses and 60 normal fetuses to respectively generate and validate the
new 2DUS formula, which was: estimated fetal weight = 623.324 + 0.165 x BPD
x HC x FDL? (SD: 12.25). In the comparison between the 2DUS formulas and
between the 2DUS and 3DUS formulas it was included 44 and 28 fetuses,
respectively. The best performance for weight prediction in fetuses with
gastroschisis was achieved using the 2DUS model created by Siemer et al. and
the 2DUS and 3DUS models previously published by our group. Conclusions:
In fetuses with gastroschisis the findings of multiple IBD increases the risk of
postnatal bowel complications and the presence of FGR decreases the risk of
this outcome. The new 2DUS formula without abdominal measurements did not
improve fetal weight estimation in fetuses with gastroschisis of our population
when compared to other 2DUS and 3DUS formulas evaluated. The 2DUS
weight estimating model of Siemer et al. and the 2DUS and 3DUS models

previously published by our group had the best performance for this purpose.

Key words: gastroschisis, ultrasonography, fetal weight.
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1. Introducao

Gastrosquise é o nome dado a uma falha de continuidade que acomete toda a
espessura da parede abdominal fetal anterior. Geralmente é um defeito de
pequeno diametro (2 a 3 cm), localizado 95% das vezes a direita do cordao
umbilical (Sadler, 2010). Através deste orificio ocorre herniacdo de 6érgaos
abdominais para a cavidade amniotica, sem a cobertura do peritbnio ou do
amnio. A estrutura mais freqlientemente herniada é o intestino, mas herniacao
de outros 6rgaos, como estbmago, bexiga e figado, também pode ocorrer
(Garcia et al., 2010).

A etiologia da gastrosquise € motivo de debate. Uma hipdtese bastante
difundida é que sua patogénese envolve um acidente vascular e dentro desta
linha duas teorias foram desenvolvidas: uma sugere que a involugdo da veia
umbilical direita causa uma necrose na parede abdominal, levando a um defeito
paraumbilical (deVries, 1980), e a outra postula que a artéria onfalomesentérica
involue prematuramente, causando um enfraquecimento da parede abdominal,
através do qual o conteudo intestinal subsequentemente hernia (Hoyme et al.,
1981). Estas duas teorias sdo suportadas pela observacdo de que a
gastrosquise associa-se a atresia intestinal, uma condicdo que também

acredita-se estar associada com alteragdes isquémicas (Louw e Barnard, 1955).
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Além disso, dados retrospectivos sugerem um maior risco de gastrosquise e
atresia intestinal em pacientes usuarias de drogas vasoconstritoras como
efedrina, pseudoefedrina ou cocaina, assim como em pacientes tabagistas
(Werler et al., 2003). Entretanto, estudos epidemiolégicos mais recentes
sugerem que estas explicagées podem ser insuficientes. Feldkamp et al. (2007)
observam que as veias umbilicais ndo nutrem o0 mesénquima na parede
abdominal, o que nao explicaria um enfraquecimento desta regido por uma
alteracao no desenvolvimento da veia umbiical direita. Além disso, o suprimento
vascular da parede abdominal deriva de uma rica rede de vasos que se
originam da aorta dorsal e que nao é dependente e nem se anastomosa com 0s
vasos umbilicais ou vitelinicos. Um grande estudo epidemiolégico avaliando as
associacdes entre exposicdo materna a agentes vasoativos e defeitos
congénitos, observou que em mulheres jovens estes agentes possuem um
papel menor, se € que possuem algum, na etiologia da gastrosquise, mas
podem ter um papel maior em mulheres com mais de 25 anos (Werler et al.,
2009). Explicacbes para a origem da gastrosquise nao relacionadas a
problemas vasculares incluem falha da incorporacdo do ducto vitelinico ao
cordao umbilical (Stevenson et al., 2009), falha da fusdo mediana dos folhetos
laterais da parade abdominal (Feldkamp et al, 2007) ou um defeito na
diferenciacdo do mesénquima embrionario responsavel pela formagdo da
parede abdominal (Duhamel, 1963). A ruptura intrauterina de uma onfalocele
também foi proposta como um mecanismo de formacgédo da gastrosquise (Shaw,

1975).
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A gastrosquise ocorre em cerca de 1 a cada 4000 nascidos vivos. Dados
recentes mostram um aumento de 10 a 20 vezes na incidéncia desta
malformacdo em todos os grupos etarios nas ultimas duas décadas, embora
ainda ndo haja uma explicagao clara para isso (Baird e MacDonald, 1981;
Alvarez e Burd, 2007; Loane et al., 2007; Castilla et al., 2008).

Estima-se que apenas 1% dos casos de gastrosquise apresente algum tipo de
aneuploidia e casos com alteragdo de um Unico gene sao ainda mais raros
(Sadler, 2010), mas a observacao do aumento da incidéncia de gastrosquise
em algumas familias sugere que fatores genéticos desempenham um papel
relevante na causa desta doenca. Fatores de risco ndo-genéticos também sao
importantes, evidenciados, por exemplo, pela maior ocorréncia de gastrosquise
em mulheres jovens, pelo aumento da incidéncia geral de gastrosquise nos
ultimos anos e pela ocorréncia de casos agrupados (Rasmussen e Frias, 2008).
Entretanto, apesar do reconhecimento da importancia dos fatores de risco néao-
geneéticos na causa da gastrosquise, apenas a baixa idade materna € bem
estabelecida como um destes fatores, limitando o desenvolvimento de
estratégias de prevencdo (Rasmussen e Frias, 2008). Mais recentemente,
outros fatores de risco nao-genéticos como o tabagismo (Hackshaw et al.,
2011) e a ingesta de alcool (Richardson et al, 2011) foram descritos em
estudos envolvendo um grande numero de pacientes.

Antes da ultrassonografia ser utilizada rotineiramente no pré-natal, um aumento
na concentracdo sérica de alfa-feto proteina costumava ser o Unico indicador
pré-natal de gastrosquise. Com o uso rotineiro da ecografia no primeiro

trimestre para datacdo e no segundo trimestre para rastreamento de
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malformacdes, quase todos o0s casos de gastrosquise passaram a ser
diagnosticados antes do nascimento, com um estudo reportando uma taxa de
deteccao de 90% na Europa (Garne et al., 2005).

O aspecto ecografico habitual da gastrosquise é a visualizacdo de mudultiplas
algas intestinais flutuando livremente na cavidade amniética. Tipicamente, o
defeito na parede abdominal ocorre a direita da insercao do cordao umbilical,
que esta normalmente inserido na parede abdominal. Este diagndstico pode ser
feito a partir de 11-12 semanas de gestagao, quando a herniacao fisiolégica
intestinal ja deve ter retornado para a cavidade peritoneal (Cullen et al., 1990).
O principal diagnéstico diferencial € com a onfalocele, na qual as algas
herniadas sao cobertas pelo peritdnio e o cordao umbilical se insere no apice do
saco herniario. Outros diagnosticos diferenciais incluem lesdes cisticas do
cordao umbilical, cistos de Uraco, extrofia de bexiga/cloaca e a Pentalogia de
Cantrell. Excluir a possibilidade de uma onfalocele é de fundamental
importancia, visto que esta condicdo, diferentemente da gastrosquise,
freqientemente associa-se com malformagdes em outros 6rgaos e aneuploidias
(David et al., 2008).

Exceto por uma maior incidéncia de alteracdes intestinais, criancas com
gastrosquise geralmente ndo possuem outras anomalias anatdémicas
associadas e tendem a apresentar crescimento e desenvolvimento neurologico
normais durante a infancia. A atresia intestinal é a alteragdo anatdémica mais

comumente associada. Estudos recentes relatam a presenca de atresia

intestinal em 7% a 28% dos casos (Arnold et al., 2007; Kronfli et al., 2010).

Introdugéao - 20



O progndstico dos casos de gastrosquise é determinado principalmente pelo
grau de leséo intestinal que ocorre durante o periodo fetal. Esta lesédo resulta
provavelmente da combinacao entre o contato da alca com o liquido amniético
e a constricdo intestinal no orifico do defeito abdominal, sendo que a maior
parte da injuria parece ocorrer no final da gestagcao (Langer et al., 1989; Langer
et al., 1990). A lesdo nas alcas intestinais pode causar disfuncao na motilidade
e na absorcdo, o que prolonga a necessidade de nutricdo parenteral e, em
alguns casos, pode causar perda irreversivel da funcao intestinal (Wales e
Christison-Lagay, 2010). O diagnéstico pré-natal prové a possibilidade de
controlar o modo, local e época do parto, com o objetivo de minimizar estas
complicagdes.

A melhor via de parto para os fetos com gastosquise € motivo de debate.
Alguns autores argumentam que o parto vaginal pode provocar lesdes nas
alcas intestinais e defendem o uso rotineiro da cesdrea. Entretanto esta
hipotese ndo encontra respaldo na literatura, que ndo demonstra diferenga no
prognodstico dos casos nascidos por cesariana quando comparados aos casos
nascidos por parto normal. Desta forma, a conduta mais adequada em relagéo
a via de parto talvez dependa de uma discussao entre o obstetra e gestante
(Segel et al., 2001; Salihu et al, 2004).

O melhor momento para realizar o parto dos casos de gastrosquise também é
um topico controverso. Alguns centros recomendam a realizacdo do parto no
limite do termo, por volta de 36-37 semanas, com o objetivo de diminuir a
exposicdo das algas intestinais ao liquido amnidtico e assim reduzir a

intensidade da reacao inflamatéria na superficie das mesmas. Ha evidéncias de
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que mediadores inflamatoérios e citocinas (interleucinas 6 e 8) presentes no
liquido amnidtico possuem um papel no desenvolvimento de danos no plexo
nervoso mioentérico e nas células intersticiais de Cajal nos casos de
gastrosquise. Como acredita-se que estes efeitos inflamatérios sobre as alcas
intestinais aumentam com o passar da gestacéo, alguns autores acham que a
antecipacao do parto poderia diminui-los (Srinathan et al,, 1995; Luton et al.,
1999; Salihu et al, 2004; Guibourdenche et al., 2006; Vargun et al., 2007). Parto
pré-termo € mais frequente em gestagdes de fetos com gastrosquise (incidéncia
de 28% contra 6% nos casos de gestagdes de fetos normais), desta forma o
parto pode ser induzido com sucesso em grande parte dos casos com 36-37
semanas de gestacdo, provavelmente por causa desta tendéncia natural
(Lausman et al., 2007). A literatura, entretanto, é controversa sobre os
beneficios da antecipacao do parto. O argumento contra a antecipacao do parto
€ que o baixo peso ao nascimento tem um efeito negativo sobre o prognédstico
destas criangas, com neonatos com pesos inferiores a dois quilos demorando
mais tempo para atingirem nutricdo enteral completa e ficando mais tempo sob
ventilagdo assistida (Charlesworth et al, 2007). Alguns estudos propdem a
antecipacao do parto de maneira seletiva nos casos que apresentem sinais de
dilatacdo e espessamento da parede das alcas intestinais na avaliagdo
ecografica, pois a presenca destes sinais correlaciona-se com mau prognaostico,
incluindo sofrimento e 6bito fetal, em algumas, mas ndo em todas as séries de
casos (Langer et al., 1993; Piper e Jaksic, 2006). Entretanto, esses dados nao

sdo muito claros por nao haver padronizagcdo na maneira de se medir as al¢as
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intestinais e nem consenso sobre a definicdo de dilatacado intestinal de acordo
com a idade gestacional.

A maioria dos autores recomenda que 0 parto seja realizado em centros
terciarios, de maneira a permitir acesso imediato a cuidados neonatais e
cirurgicos especializados. Um estudo avaliando resultados pds-natais observa
que o nascimento de casos de gastrosquise em centros com acesso imediato a
atendimento de neonatologia e cirurgia pediatrica terciarios associa-se com
diminuicéo do risco de complicacées pds-natais, quando comparado com casos
nascidos em hospitais sem acesso imediato a estes tipos de atendimentos
(Christison-Lagay et al, 2011; Nasr e Langer, 2011). Entretanto, esta
recomendagao ndo é um consenso. Um trabalho recente com 118 casos de
gastrosquise observa que o tempo para realizacao da primeira cirurgia nao foi
preditivo de nenhum desfecho clinico desfavoravel relevante. Estes dados
sugerem que os potenciais beneficios da regionalizagdo do acompanhamento
dos casos de gastrosquise ndo seriam suportados por um menor tempo para a
realizagédo da intervencgao cirargica (Bucher et al., 2012).

A gastrosquise leva a uma perda hidrica significativa por evaporagao pelas
alcas expostas. Ap6s o parto, deve ser iniciada repois¢do de liquido por via
endovenosa. Descompressao gastrica, por meio de sonda, também deve ser
realizada com o objetivo de prevenir ou diminuir distensdo intestinal. As alcas
herniadas devem ser envolvidas em compressas embebidas em solugdo salina
fisioldgica, colocadas em posicao central na parede abdominal com o recém-
nascido em decubito lateral direito para prevenir acotovelamento do mesentério

e cobertas com silo plastico para diminuir as perdas hidricas evaporatovas e a
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instabilidade térmica. Um exame detalhado do neonato deve ser feito para
excluir a coexisténcia de outras anomalias, com atencao especial a busca de
sinais de atresia, necrose ou perfuracao intestinal (Christison-Lagay et al.,
2011).

A conduta cirdrgica nos casos de gastrosquise varia de centro para centro e e
modificou-se nas ultimas décadas. O objetivo da cirurgia é devolver as visceras
herniadas para a cavidade abdominal com o menor risco de leséo, seja esta por
trauma direto ou por aumento da pressao intra-abdominal. As principais op¢oes
de conduta cirdrgica sao: (a) reducao primaria com fechamento da fascia; (b)
colocacéao de silo, redugdes seriadas e fechamento tardio da fascia; (c) reducéao
primaria ou seriada, sem o fechamento da fascia. O intervalo de tempo apés o
nascimento e o local onde deve ser realizada a intevencdo cirdrgica sao
motivos de debate, podendo ser um reparo imediato na sala de parto, reducéo e
fechamento na unidade de terapia intensiva neonatal ou fechamento tardio no
centro cirargico (Coughlin et al., 1993; Bianchi et al., 2002). Em todos os casos,
inspecao intestinal a procura de sinais de bandas obstrutivas, perfuragdo ou
atresia deve ser realizada cuidadosamente. Bandas atravesando as algas
devem ser divididas antes da colocacdo do silo ou fechamento abdominal
primario para evitar obstrugéo intestinal subsequente. Estabelecimento precoce
de um acesso venoso central deve ser considerado, pois hipomotilidade
intestinal estd invariavelmente presente (Christison-Lagay et al., 2011).

A taxa geral de sobrevivéncia do casos de gastrosquise é muito boa, variando
de 90% a 97% (Molik et al, 2001; Aina-Mumuney et al., 2004). Ja

complicagdes gastrointestinais, tais como perfuracdo ou atresia, ocorrem em
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10% a 20% dos casos (Brantberg et al., 2004). A presenca destas complicagdes
associa-se com taxas de mortalidade de até 28% e maior tempo de
hospitalizagao e nutricado paraenteral, com seus riscos associados de infec¢ao,
distarbios de crescimento, disfungbes metabdlicas e doengas hepaticas (Langer
et al., 1993; Wilson e Johnson, 2004; Nick et al., 2006; Badillo et al., 2008).
Desta forma, a identificacao pré-natal de fatores associados com o prognéstico
perinatal ajudaria na triagem de casos que se beneficiariam de um
acompanhamento mais préximo das condi¢gbes fetais e de algum tipo de
intervengdo, como a antecipagdo do parto ou nascimento em hospitais
especializados, além de ajudar no aconselhamento dos pais (Huh et al., 2010).
A dilatagdo de algas intestinais extra-abdominais tem sido um dos fatores
progndsticos pré-natais mais estudado, mas seu papel na predicdo da evolugao
pds-natal dos casos de gastrosquise ainda é motivo de debate. Alguns estudos
demonstram correlagdo entre a presenca de dilatacdo de algcas extra-
abdominais e complicacgdes intestinais e outros nédo. Diferengas na definigcdo de
dilatacdo e amostras pequenas dos estudos limitam o estabelecimento de um
consenso sobre quais medidas sao consistentemente preditoras de mau
prognostico (Alsulyman et al., 1996; Japaraj et al., 2003; Nick et al., 2006;
Badillo et al., 2008). Além disso, alguns autores sugerem que a dilatacdo das
alcas intestinais exteriorizadas pode ser um fenémeno fisiologico em muitos
fetos com gastrosquise no terceiro trimestre, que apresentam 6tima evolucao
pds-natal (Huh et al., 2010).

A avaliacdo quanto a presenca de dilatacdo intra-abdominal das algas

intestinais também tem sido estudada como um fator prognéstico pré-natal.
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Este achado € menos comum nos fetos com gastrosquise, com uma incidéncia
estimada em 8% a 17% (Brantberg et al., 2004; Nick et al., 2006), e estudos
recentes demonstram que a presenca deste sinal correlaciona-se melhor com a
ocorréncia de complicacbes poOs-natais do que a presenca de dilatacdo das
alcas extra-abdominais. Entretanto, diferencas na definicdo de dilatacéao intra-
abdominal e amostras pequenas dos estudos também limitam o
estabelecimento de um consenso sobre o papel deste achado (Nick et al., 2006;
Huh et al., 2010; Kuleva et al., 2012).

Avaliando 117 pacientes com gastrosquise, um trabalho relata que herniagcao
hepatica junto com o intestino estava presente em 6% dos casos e este achado
se correlacionou com uma taxa de sobrevivéncia significativamente menor (43%
x 97%), considerando-se a idade gestacional e o peso ao nascimento. Estes
autores observam que a presenca de herniacdo hepatica demonstra ser um
fator de mau prognostico pds-natal e deve ser avaliada nos exames de
ecografia pré-natais (McClellan et al.,, 2011). A literatura, entretanto, ainda é
escassa na avaliagdo deste fator prognéstico.

Um outro fator prognédstico que tem sido avaliado € a dilatagcdo do estémago,
também com resultados diversos. Avaliando 34 casos, 13 (38%) dos quais
apresentavam dilatagdo estomacal, um estudo observa que este achado se
correlacionou com maior incidéncia de cardiotocografia ndo reativa, vélvulo
intestinal e morte neonatal e maior tempo para alimentagdo por via oral e de
hospitalizagdo (Aina-Mumuney et al., 2004). J& um outro trabalho, avaliando 89
fetos com gastrosquise, 32 (33%) dos quais com dilatacdo do estdmago,

encontrou resultados diferentes. Este estudo observa que a presenca de
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dilatacdo estomacal correlacionou-se apenas com maior ocorréncia de liquido
meconial ao nascimento, mas nao se correlacionou com outros resultados
adversos perinatais (Alfaraj et al., 2011).

Parametros Dopplervelocimétricos também ja foram avaliados na predicdao de
complicacdes intestinais de fetos com gastrosquise. Um estudo prospectivo
com 17 fetos com gastrosquise avalia a relacao entre o indice de pulsatilidade
da artéria mesentérica superior fetal e ma evolucao pés-natal, definida como
necessidade de resseccao intestinal ou tempo de hospitalizacdo maior que 50
dias. Neste estudo, o indice de pulsatilidade da artéria mesentérica superior nao
foi capaz de predizer ma evolugao pés-natal (Abuhamad et al., 1997).

A presenca de herniacdo vesical junto com as alcas intestinais parece se
correlacionar com maior risco de sofrimento fetal nos casos de gastrosquise,
mas nao com maior risco de complicagdes intestinais. Um estudo recente,
observa que 6 de 105 (6%) dos casos de gastrosquise acompanhados em um
centro apresentavam herniagdo vesical. Um destes casos evoluiu com ébito
fetal e outros quatro tiveram parto cesarea por sinais de sofrimento fetal. Os
cinco sobreviventes evoluiram bem apdés o tratamento pds-natal, mas os
autores observam que a presenga de herniagdo da bexiga nos casos de
gastrosquise pode ser um sinal para um acompanhamento mais rigoroso do
bem-estar fetal (Mousty et al., 2012).

Recentemente, um estudo caso-controle com 106 casos de gastrosquise, avalia
a correlacdo de multiplos fatores ultrassonogréaficos pré-natais com o
desenvolvimento de complicacbes intestinais neonatais. Os seguintes fatores

ecograficos pré-natais foram avaliados: feto pequeno para a idade gestacional,
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presenca de dilatacdo intra ou extra-abdominal de algas intestinais,
espessamento de parede de alga intestinal e dilatagdo estomacal. Estes fatores
foram utilizados para tentar predizer a presenca de atresia, perfuracao, necrose
ou vélvulo ao nascimento, sendo que 14% dos casos apresentaram alguma
destas complicagdes. Este trabalho observa que nenhum dos marcadores
ecograficos foi preditivo de morte fetal ou neonatal e apenas a presenca de
dilatacdo de algas intra-abdominais se correlacionou com a ocorréncia de
complicagdes intestinais pds-natais (Kuleva et al., 2012).

Muitas publicagdes relatam que o peso ao nascimento é também um importante
fator na evolugéo pds-natal dos casos de gastrosquise. Estes autores observam
que recém-nascidos com gastrosquise pequenos para a idade gestacional
apresentam maiores taxas de morbidade e mortalidade (Charlesworth et al.,
2007; Netta et al., 2007; Nicholas et al., 2009). Desta forma, a predicdo mais
precisa possivel do peso fetal € de extrema importancia para tomada de
decisbdes nesses casos. A estimativa do peso fetal nos fetos com gastrosquise
tem sido feita essencialmente por formulas geradas a partir de fetos normais
que utilizam medidas ultrassonograficas bidimensionais (US2D) do pdlo
cefalico, membros e abdome. Entretanto, alguns estudos relatam que férmulas
criadas especificamente para fetos com defeitos de parede abdominal, que nao
levam em consideracdo as medidas do abdome, possuem uma maior acuracia
na estimativa do peso desses fetos (Siemer et al., 2008; Chaudhury et al.,
2010; Nicholas et al., 2010; Adams et al., 2012).

Em um estudo publicado em 2010, Bennini et al. criaram, a partir de fetos

normais, um modelo US2D de estimativa de peso que utiliza medidas do pdlo
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cefalico, abdome e fémur, e outros dois modelos que utilizam como unico
parametro o volume da coxa fetal medido por meio da ultrassonografia
tridimensional (US3D). Na comparacao das férmulas, os desempenhos dos
novos modelos US2D e US3D nao apresentaram diferenca estatistica entre si,
mas foram significativamente melhores do que os dos modelos US2D e US3D
testados que haviam sido gerados em outras populacdes. Apesar dessas
observagdes, nunca foram criadas formulas US2D de estimativa de peso
especificas para fetos com gastrosquise geradas a partir de uma amostra da
nossa populacdo. Da mesma maneira, férmulas que utilizam parametros
ultrassonograéficos tridimensionais (US3D), como o volume da coxa fetal, para a
estimativa de peso nunca foram avaliadas em fetos com gastrosquise.

Portanto, avaliando as publicagcdes mais recentes, observamos que, apesar do
reconhececimento da importancia da identificagdo de fatores pré-natais que
possam predizer o risco de complicagdes perinatais nos casos de gastrosquise,
a literatura € controversa sobre quais seriam estes fatores e sobre o
desempenho dos mesmos. Além disso, considerando-se a importancia do peso
ao nascimento no progndstico dos casos de gastrosquise, ainda séo
necessarios mais estudos para avaliar qual a melhor maneira de estimar peso

desses fetos.
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2. Objetivos

2.1. Objetivo geral

Avaliar o papel da ultrassonografia na estimativa do peso e predi¢cao de

desfechos perinatais desfavoraveis em fetos com gastrosquise isolada.

2.2. Objetivos especificos

m Criar uma nova formula US2D para estimativa de peso que nao utilize
medidas abdominais gerada a partir de fetos normais da nossa populacao e
comparar o seu desempenho com os de outras formulas US2D e US3D

guando aplicadas em fetos com gastrosquise isolada.

m Avaliar o papel de parametros ultrassonograficos na predigao de desfechos

perinatais em fetos com gastrosquise isolada.
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3. Publicacoes

Artigo 1 — Bennini JR, Marussi EF, Barini R, Peralta CFA. Birth weight
prediction for fetuses with gastroschisis using two- and three-dimensional

ultrasound.

Artigo 2 — Bennini JR, Marussi EF, Barini R, Peralta CFA. Gastroschisis: fetal

longitudinal follow-up and perinatal outcomes
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3.1. Artigo 1

Manuscript number: UOG-2014-0093
Dear Dr Bennini

We are pleased to receive your manuscript entitled Birth weight prediction
for fetuses with gastroschisis using two- and three-dimensional ultrasound
by Bennini, Joao; Marussi, Emilio; Barini, Ricardo; Peralta, Cleisson
Fabio. We will shortly be assigning it to one of the Journal's Editors who
will handle the peer review of the paper.

To track the progress of your manuscript through the editorial process
using our web-based system, simply point your browser to:

http://mc.manuscriptcentral.com/uog

Please remember in any future correspondence regarding this article to
always include its manuscript ID number UOG-2014-0093.

Many thanks for submitting your manuscript
Yours sincerely

Sarah Hatcher
Managing Editor
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Abstract

Objectives: To create a new two-dimensional ultrasound (2DUS) birthweight
predicting model without abdominal measurements and compare this new
formula with other 2DUS and three-dimensional ultrasound (3DUS) models
when aplied to fetuses with gastroschisis.

Methods: To create and validate the new 2DUS formula it was used the same
group of normal fetuses enrolled in a previous study published by our group. To
compare the 2DUS and 3DUS formulas it was realized a retrospective cross-
sectional study using fetuses with gastroschisis. Polynomial stepwise regression
analyses was used to generate the new weight-predicting model. Calculation of
the mean percentage error + standard deviation, one-sample t tests, paired
samples t-tests and correlated variance tests for paired samples were used to
compare the performances of the formulas.

Results: A total of 44 and 28 fetuses with gastroschisis were used to compare
the 2DUS and 3DUS formulas, respectively. The weight predicting models with
highest accuracies and precisions were the 2DUS formula of Siemer et al. and
ours previously published 2DUS and 3DUS models, with no statistic difference
among their performances.

Conclusions: The new 2DUS formula did not improve fetal weight estimation in
fetuses with gastroschisis when compared to other 2DUS and 3DUS formulas
evaluated.

Key words: gastroschisis, prenatal ultrasonography, fetal weight, three-

dimensional ultrasonography, fetal thigh volume.
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Introduction

Accurate estimation of weigh in fetuses with gastroschisis is important because
abnormal patterns of growth may influence this disease’s baseline risks of
perinatal mortality and morbidity."® The assessment of fetal weight in such
cases has been essentially based on traditional two-dimensional ultrasound
(2DUS) formulas, which were generated from anatomically normal fetuses and
take into account the measurements of the head, limbs and abdomen.
Nevertheless, some studies report that equations elaborated specifically for
fetuses with abdominal wall defects, which do not include the abdominal
measurements, produce better results when applied to fetuses with
gastroschisis.®®

Another option to estimate fetal weight is to use three-dimensional ultrasound
(3DUS) birth-weight predicting models. Some of these formulas rely on the use
of single predictors of weight, such as the thigh volume, which reflects not only
the length of the limb but also the amount of soft tissue that surrounds it.'® The
use of 3DUS formulas to estimate the weight in fetuses with gastroschisis has
not been reported yet.

The aim of this study was to create a new 2DUS formula without abdominal
parameters and to compare, in fetuses with isolated gastroschisis, the
performances of 2DUS and 3DUS birth-weight predicting models generated in
our population, with those of previously published 2DUS formulas elaborated

specifically for fetuses with abdominal wall defects.
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Methods

This was a retrospective cross-sectional two-stage study carried out at
Professor José Aristodemo Pinotti Hospital, Center for Integral Assistance to
Women’s Health of the State University of Campinas (UNICAMP), including
normal fetuses evaluated between July 2007 and January 2009 and fetuses with
gastroschisis evaluated between February 2007 and November 2013. The
ethics committee of the State University of Campinas Medical School approved
this protocol. Since this was a retrospective study and all the data were obtained
from routine assessments of normal and pathological cases, we were exempt

from the application of informed consent forms.

Common eligibility criteria for the two stages of the study consisted of the
following: 1. No maternal diseases associated with alterations in fetal growth,
such as pre-eclampsia or diabetes. 2. Singleton pregnancy. 3. Well-defined
gestational age (GA) based on the known date of the last menstrual period
and/or the measurement of embryonic/fetal crown-rump length during the first
trimester, interpreted based on the reference intervals reported by Robinson and

Fleming."

First stage of the study: Elaboration and validation of a new 2DUS birth-weight

predicting model without abdominal measurements
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Two groups of normal fetuses were evaluated to create and validate a new
specific 2DUS birth-weight predicting model without abdominal measurements.
These patients were the same used in a previous study by our group to create

2DUS and 3DUS formulas for the estimation of fetal weight in our population.®

Second stage of the study: Comparison of the accuracies of the new 2DUS
birth-weight predicting model with those of previously published 2DUS and

3DUS equations in fetuses with gastroschisis

This stage of the study involved the evaluation of fetuses with isolated
gastroschisis between February 2007 and November 2013 with the purpose of
comparing the 2DUS birth-weight predicting model created in this study with
other 2DUS and 3DUS formulas previously published. The specific eligibility
criteria for this part of the study were delivery less than 14 days after the last
ultrasound scan and the presence of isolated fetal gastroschisis diagnosed

during obstetric scans in our institution.

Demographic and clinical characteristics of the mother, including age, GA at
delivery, the mode of delivery and the clinical characteristics of the newborn
(weight and Apgar scores) were collected from the mother’s hospital files. At our
institution, neonates are categorized as small, normal or large for gestational
age if their weights fall below the 10", between the 10™ and the 90™ or above
|_12,

the 90" percentile of the reference intervals defined by Alexander et a

respectively. All neonates were weighed immediately after birth in the delivery
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room on the same precision electronic Filizola Baby scale (Filizola SA,
Weighting and Automation, Campo Grande, MS, Brazil), which has a precision
of 5 g and is calibrated every two weeks. The date and time of each scan and

birth were recorded to allow calculation of the time from scan to birth.

Conventional 2DUS measurements and fetal thigh volumetry using the
VOCAL™ (Kretztechnik, Austria) technique were performed as previously

described by our group.™

All ultrasound examinations were performed transabdominally, with a Voluson
730 Expert scanner, equipped with a RAB 4-8L probe (GE Medical Systems,

Milwaukee, WI, USA) by one of two physicians (JRB; CFAP).

Statistical analysis

Maternal demographic characteristics and pregnancy and postnatal data were
described as absolute and relative frequencies, the average and standard

deviation (SD) or the median and range.

Creation and validation of a new 2DUS birth-weight predicting model without

abdominal measurements:

Using data from the first stage of the study and weight of the neonate as the

dependent variable, polynomial stepwise regression analyses up to the third
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order were considered to generate a new weight-predicting model with the
following conventional 2DUS measurements as predictors: biparietal diameter
(BPD), head circumference (HC) and femur diaphysis length (FDL). To construct
the new 2DUS formula, Eigenvalue, tolerance, variance inflation factor, condition
index and variance proportion were calculated to check for multicollinearity
among independent variables."® The criteria for multicollinearity were:
Eigenvalue less than 0.1; tolerance value less than 1 - r?: variance inflation
factor greater than 1 / (1 - r?); condition index greater than 0.30; and variance
proportion greater than 0.8. For the best-fit equation, Kolmogorov-Smirnov test

was performed to check for normality of the standardized residuals.

Comparison of previously published 2DUS and 3DUS equations with the new

2DUS model applied to fetuses with gastroschisis:

For this part of the study, a sample size of 27 patients with gastroschisis has a
power of 80% to detect a difference in means of -6.24 (the difference between a
Group 1 mean, (4, of -0.27 and a Group 2 mean, [, of 5.97) assuming that the
common standard deviation is 8.00 using a two group t-test with a 0.05 two-

sided significance level.

The EFW calculated using each birth-weight predicting model was adjusted for
the interval between the last sonographic examination and the date of delivery

according to the individual trend of growth of each fetus.™
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The original 2DUS formulas described by Siemer et al.® and Honarvar et al.’®, as
well as the 2DUS and 3DUS equations reported by our group'® were applied to
data obtained from the fetuses with gastroschisis, in order to compare their
performances with that of the new 2DUS model generated in the present study.
The criteria for the selection of these formulas were: 1. The absence of
abdominal parameters in the formulas generated by Siemer et al.® and Honarvar

1", as well as in the 3DUS model created by our group.’® 2. The

et a
demonstration that our previous 2DUS equation including the abdominal
circumference (AC) had better performance than those of other formulas when

applied to normal fetuses in our population.®

The technique used for the measurement of total fetal thigh volume in fetuses
with gastroschisis was the same used in the original article to generate the
3DUS equation.’® The formulas used for comparison with our new 2DUS model

are described in Chart 1.

The performances of each of these equations were analyzed by the calculation
of systematic and random errors. The systematic error, or accuracy, was
evaluated by calculating the mean sign percentage error (MSPE): [(estimated
fetal weight — actual birth weight) / actual birth weight x 100], with 95%
confidence intervals (Cl). To determine the presence and extent of bias, the
MSPE were compared to zero using one-sample t-tests. Paired samples t-tests
with Bonferroni adjustments were used to detect significant differences between

the accuracies of these formulas. The adjusted p-value (p’), which was
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calculated according to the Bonferroni method, was obtained by the formula p’ =
k x p-value, where k was the number of paired comparisons and the p-value was
obtained from each paired samples t-test.'®'” In this manner, for the comparison
of our new 2DUS model with the original 2DUS functions of Siemer et al®,

1.'° and Honarvar et al.'® (three paired comparisons), each p’ was

Bennini et a
obtained by the formula p’ = 3 x the p-value of the paired samples t-test. This
method has the restriction that the p’ cannot exceed 1.0. The random error, or
precision, was evaluated by calculating the standard deviation (SD) of the
MSPE. In order to compare the random errors of two equations, correlated
variance tests for paired samples were used.'® For each paired comparison, the
variances were considered to be significantly different if the p value obtained
from the r (Pearson’s correlation coefficient) distribution table was less than
0.05. The r value was calculated by the formular= (F - 1) /v (F + 1)®- 4 x> x F,

where F is the ratio of the variances of the groups being compared. All p values

exceeding 0.20 were referred to as p > 0.20.

The data were analyzed using the statistical software packages SPSS 21.0
(Chicago, Il, USA) and Excel for Mac 2011 (Microsoft Corp., Redmond, WA,

USA).
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Results

In order to generate and validate the new 2DUS formula, 210 patients (150 in
the formula-generating group; 60 in the formula-validation group) were

evaluated.

The best-fit 2DUS formula without AC measurement for the estimation of weight
in normal fetuses was: EFW = 623.324 + 0.165 x BPD x HC x FDL? (SD of
predicted values: 12.25; r = 0.774; r* = 0.599; p < 0.001). The results of the
Kolmogorov-Smirnov tests revealed normal distributions of the standardized

residuals of the equation.

For both the formula-generating and the formula-validation groups, no
statistically significant differences were noted between the accuracies (p < 0.01)
and precisions (p < 0.01) of the new 2DUS model in the prediction of birth

weight.

In total, 61 fetuses with gastroschisis were evaluated throughout the study
period. Among them, 44 (72%) met the entry criteria and 17 (28%) were not
included in the final analysis due to the following reasons (Chart 2): delivery
more than 14 days after the last ultrasound scan (5 cases); loss of follow-up (7
cases); incomplete 2DUS measurements in the last scan before birth (1 case);

spontaneous fetal demise (3 cases); ongoing pregnancy (1 case).
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Twenty-eight (64%) of the gastroschisis fetuses included had stored 3DUS
datasets of their thighs. Therefore, the comparison of 2DUS formulas was
performed using 44 patients (2DUS gastroschisis group) and the comparison of
2DUS and 3DUS models was carried out with 28 cases (2DUS/3DUS
gastroschisis group). Demographic and clinical characteristics of the 44 cases of

gastroschisis are presented in Table 1.

2DUS gastroschisis group:

When applied to the 2DUS gastroschisis group, the formulas of Siemer et al.®
and Bennini et al."® showed the lowest MSPE and SD (0.60 + 12.76 and -1.54 +
11.39, respectively), with no significant difference of the MSPE from zero (p =
0.37 and 0.76, respectively). The new 2DUS formula and the Honarvar et al.’®
equation significantly overestimated the neonatal weights (p < 0.01 for both
models) with MSPE and SD = 10.39 + 12.26 and 11.84 + 16.69, respectively

(Table 2).

When comparing the accuracies of these equations, the performance of the new
2DUS formula was not different from that of Honarvar's formula, but it was

significantly worse than those of Siemer’s and Bennini’s equations (Table 2).

The precision of the new 2DUS model was not significantly different from those
of Bennini’'s and Honarvar’s equations, but it was significantly worse than that

produced by Siemer’s formula (Table 2).
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When comparing the formulas of Siemer et al.® and Bennini et al.'® no statistic

difference between the accuracies and precisions were observed (Table 2).

2DUS/3DUS gastrosqhisis group results:

When applied to the 2DUS/3DUS gastroschisis group, the formula of Siemer et
al® and the 3DUS model of Bennini et al."® showed the lowest MSPE and SD
(0.13 £ 9.36 and -0.33 £ 9.98, respectely), with no significant difference of the
MSPE from zero (p = 0.94 and 0.86, respectely). The 2DUS formula of Bennini
et al'® produced a MSPE and SD = -3.14 + 9.62, also with no significant

difference (p = 0.10) of the MSPE from zero (Table 3).

When comparing the three formulas applied to the 2DUS/3DUS gastroschisis
group, no statistic difference between the accuracies and precisions were

observed (Table 3).

Discussion

The main question raised in this study was whether 2DUS or 3DUS birth-weight
predicting models that do not include fetal abdominal measurements and are
generated in our population allow better estimations of fetal weights in cases of

gastroschisis than do other particular 2DUS equations (generated in our
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population and including the AC, or elaborated elsewhere specifically for the

estimation of weight in fetuses with gastroschisis).

In a previous study we have demonstrated that 2DUS and 3DUS birth-weight
predicting models created from a representative sample of our population have
better performances to estimate fetal weights in our patients. Therefore, we
elaborated a new 2DUS model without fetal abdominal measurements and
compared the performance of this new model with those of our previous 2DUS
and 3DUS formulas and those of 2DUS equations created specifically for the

estimation of weight in fetuses with gastroschisis.

With regard to the 2DUS models, our results demonstrated that, in terms of
accuracy and random error, the two best formulas were those proposed by
Siemer et al.® and Bennini et al.'® None of this models produced a systematic
bias in weight estimation and the differences between their MSPE and SD were

not statistically significant.

The new 2DUS formula created in this study had worse performance than those
of our previous 2DUS equation and of Siemer’s formula. This was not expected,
if we consider that the new 2DUS model did not incorporate fetal abdominal
measurements and was generated from fetuses of the same population of the
cases of gastroschisis. The reasons for these findings are not clear. One could
hypothesize that, because fetuses with gastroschisis tend to be smaller than

anatomically normal fetuses, this should be followed by smaller phenotypic

Publicagées - 45



variations. If we consider that Siemer’s equation was elaborated using preterm
neonates, it seems reasonable that the precision of their equation would be

better even when applied to different populations.

The main weakness of this study was the small sample size to allow the
evaluation of the impact of other variables, such as the content herniated
through the abdominal wall defect, on the accuracies of each of these formulas.
For the same reason, it was not possible to evaluate properly the performance

of each model in the prediction of fetal growth restriction.

In conclusion, the 2DUS model without abdominal measurements generated in
our population did not improve birth-weight estimation in relation to previously
published formulas. The 2DUS model proposed by Siemer et al.® and the 2DUS
and 3DUS models created by Bennini et al.'® were the best to predict birth-

weight in our fetuses with gastroschisis.
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Chart 1. Original 2DUS and 3DUS birth-weight prediction models used for
comparison with the new 2DUS formula created in this study

Author Method Equation

EFW (g) = -145.577 + (23.724 x FDL?) + (1.255 x BPD®) +
(0.001 x €°P) - (0.0000406 x 10™") + (1.03 x e™")
Hornavar et al.' 2DUS EFW (kg) = (0.042x FDL?) + (0.32 x FDL) - 1.36

EFW (g) = -562.824 + (11.962 x AC x FDL) + (0.009 x
BPD? x AC?)

Bennini et al." 3DUS EFW (g) = 1025.383 + 12.775 x ThiV

Siemer et al.® 2DUS

Bennini et al.'° 2DUS

2DUS: Two-dimensional ultrasound

3DUS: Three-dimensional ultrasound

EFW: Estimated fetal weight

BPD: Biparietal diameter (cm)

OFD: Occipito-frontal diameter (cm)

AC: Abdominal circumference (cm)

FDL: Femur diaphysis length (cm)

ThiV: Fetal thigh volume measured by the VOCAL™ technique (cm®)
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Chart 2. Gastroschisis population flow chart

Excluded:

N=17

SN B

Delivery > 14 days
N=5

Loss of follow-up
N=7

Incomplete 2DUS
measurements
N=1

Fetal demise
N=3

Ongoing pregnancy
N=1

Total cases of
gastroschisis
N =61

—

Complete
2DUS
measurements
N=44

Complete
2DUS / 3DUS
measurements

N=28

Included
N =44

|
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Table 1. Characteristics of the group of fetuses with gastroschisis

Mother and pregnancy
Age (years)*
GA at delivery (weeks)*

n=44
21.1 £5.2(13.3-43.9)
36.1 £1.7 (31.1 — 38.9)

Parity

Nuliparous 32 (73%)
Multiparous 12 (27%)

Delivery mode

Vaginal 6 (14%)

Caesarean section 38 (86%)

Interval scan - birth (hours)* 112 £100 (2 — 336)
Neonate n =42

Weight (grams)* 2287 + 518 (1430 — 3575)
< 2000 13 (30%)

2000 - 2500 17 (39%)

> 2500 - 3000 11 (25%)

> 3000 3 (6%)

Apgar

1° minute** 8 (1-10)

5° minute** 9(7-10)

Size

Small 21 (48%)

Adequate 23 (52%)

GA: gestational age

*Mean = standard deviation (minimum — maximum)

**Median (minimum — maximum)
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Table 2. Comparison between the accuracies and precisions of the 2DUS birth-weight
predicting models in fetuses with gastroschisis

2DUS gastrochisis group (n = 44)

New 2DUS model Honarvar et al.'® Siemer et al.’ 2DUS Bennini et al."
MSPE (95%Cl) 10.39 (5.99 - 14.79) 11.84 (6.76 - 16.90)  0.60 (-3.28- 4.48)  -1.54 (-5.00 - 1.92)
p* < 0.01 < 0.01 0.76 0.37
+SD +14.47 +16.69 +12.76 +11.39
0P oo™ oo
2DUS Bennini et al.'® <0.01/0.05 <0.01/<0.01 0.41/>0.20

Siemer et al.® <0.01/<0.01 <0.01/<0.01 -

Honarvar et al." 0.24/0.05 - -

MSPE: Mean sign percentage error (accuracy)

95%Cl: 95% confidence interval of MSPE

SD: Standard deviation of MSPE (precision)

p*: p-value for one-sample t-test for comparison of MSPE to zero

p’: p-value for paired samples t-tests with Bonferroni adjustment for comparison of MSPE
p**: p-value for correlated variance in paired samples for comparison of SD
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Table 3.Comparison between the accuracies and precisions of the 2DUS
and 3DUS birth-weight predicting models in fetuses with
gastroschisis

3DUS gastroschisis group (N = 28)

3DUS Bennini et al.” Siemer et al.® 2DUS Bennini et al.™

MSPE (95%Cl) -0.33 (-4.20-3.53)  0.13 (-3.50 - 3.75) -3.14 (-6.87 - 0.59)
p* 0.86 0.94 0.10
+SD +9.98 +9.36 +9.62
s s
2DUS Bennini et al.' 0.50 />0.20 0.15/>0.20
Siemer et al.’ 0.61/>0.20 -

MSPE: Mean sign percentage error (accuracy)

95%Cl: 95% confidence interval of MSPE

SD: Standard deviation of MSPE (precision)

p*: p-value for one-sample t-test for comparison of MSPE to zero

p’: p-value for paired samples t-tests with Bonferroni adjustment for comparison of MSPE
p**: p-value for correlated variance in paired samples for comparison of SD
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Abstract

Objectives: To evaluate longitudinal prenatal ultrasonographic
parameters as predictors of adverse outcomes in fetuses with
gastroschisis.

Patients and methods: Retrospective cohort study of fetuses with
isolated gastroschisis. The prenatal predictors of outcome evaluated in
this study were: fetal growth, amniotic fluid volume, changes in the extra-
abdominal bowel luminal diameter and the occurrence of simple or
multiple intra-abdominal bowel dilation. The outcome variables evaluated
were: fetal or neonatal death, neonatal intestinal complications, length of
stay of the neonate in the neonatal intensive care unit, duration of
exclusive parenteral nutrition and the time from birth to hospital
discharge. The relationship between continuous data was tested by
means of Pearson’s or Spearman’s correlation coefficients and univariate
logistic regression.

Results: Forty-four fetuses were included. The presence of fetal multiple
intra-abdominal bowel dilation was associated with an increased
incidence of intestinal complications and the presence of fetal growth
restriction was less frequent in patients with this outcome. There was no
significant  relation between the other longitudinal prenatal

ultrasonographic predictors and the postnatal outcomes evaluated.
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Conclusions: In fetuses with gastroschisis, evidence of multiple intra-
abdominal intestinal dilations and normal fetal growth increases the risk

of postnatal bowel complications.

Key words: gastroschisis, prenatal ultrasonography, pregnancy outcome.
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Introduction

Gastroschisis is a congenital abdominal wall defect that occurs in 1-5 per
10,000 births." The exact pathophysiology of this disease remains
unknown, while many theories have been postulated.?® Although the
postnatal survival rates are high (90-95%), the concurrence of
gastrointestinal alterations such as atresia, stenosis, perforation, necrosis
or volvulus increases the lengths of neonatal hospitalization and

parenteral nutrition, as well as the mortality rates.*®

It is established that identifying prenatal factors associated with worse
postnatal outcomes improves counselling and facilitates the management
of these cases.®® Case-control studies have demonstrated the
importance of fetal ultrasound parameters, particularly bowel dilation, as
predictors of a poorer prognosis.>'*'® However, there are no data
regarding the influence of fetal changes throughout pregnancy on
postnatal results. Therefore, the aim of this study was to evaluate the
relation between prenatal ultrasonographic parameters evaluated

longitudinally and postnatal outcomes in cases of gastroschisis.
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Methods

This investigation was a retrospective cohort study conducted at
Professor José Aristodemo Pinotti Hospital, Center for Integral
Assistance to Women’s Health of the State University of Campinas
(UNICAMP), including fetuses with gastroschisis evaluated between
February 2007 and November 2013. The ethics committee of the State

University of Campinas Medical School approved this protocol.

The sample size for this study was calculated considering a proportion of
intestinal complications of 7% in the group of fetuses with gastroschisis
without intra-abdominal bowel dilation (IBD) and 38% in the group with
IBD' (equivalent to an odds ratio of 8.14). A chi-square test with a
bilateral significance level of 5% has a power of 80% to diagnose a
significant difference between the groups when the sample size is 28

patients in each group.'’

The patients were selected among those followed-up in the Division of
Obstetrics at our institution. The inclusion criteria were: 1. Singleton
pregnancy. 2. Well-defined gestational age (GA) based on the known
date of the last menstrual period and/or measurement of the
embryonic/fetal crown-rump length during the first trimester, interpreted

based on the reference intervals reported by Robinson and Fleming.'® 3.
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The presence of isolated fetal gastroschisis diagnosed during obstetric
scans in our institution and confirmed by postnatal clinical examination.
4. The absence of any other fetal anatomical alteration detected during
pregnancy or after birth. 5. At least three fetal ultrasound examinations,

with delivery and neonatal follow-up in our hospital.

Demographic and clinical characteristics of the mother, including age,
parity, GA at delivery and mode of delivery were collected from the
mother’s hospital records. The following neonatal parameters were
obtained from the neonate’s hospital files: birth-weight, Apgar scores,
length of stay in the hospital and in the neonatal intensive care unit
(NICU), the presence of intestinal complications (atresia, stenosis,
perforation, necrosis or volvulus), duration of exclusive parenteral

nutrition (EPN) and discharge of a live neonate from the hospital.

In our institution, fetuses with gastroschisis are followed-up according to
a protocol that includes ultrasound examinations every two weeks from
24 to 34 weeks of gestation and on a weekly basis thereafter. The
ultrasound scans include evaluations of the fetal growth, the amount of
amniotic fluid, umbilical artery Doppler indices, the content herniated
through the abdominal wall defect and the presence of extra and/or intra-
abdominal intestinal dilations. The maximum extra-abdominal intestinal

luminal diameter (inner to inner wall) is always measured. Intra-
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abdominal intestinal dilations are described as absent or present if the
lumen of an intestinal segment is < 6 mm or > 6 mm, respectively. Intra-
abdominal intestinal dilations are subsequently classified as simple (1
segment) or multiple (> 1 segment). All ultrasound examinations are
performed or supervised by JRB (eight years of experience in fetal

medicine).

The following longitudinal prenatal ultrasound parameters (predictor
variables) were analyzed in this study: 1. Fetal growth: the estimated
fetal weights (EFWs) were calculated using Bennini’s formula and
interpreted according to local conditional reference intervals of weight.'
Fetal growth restriction (FGR) was defined as a progressive and evident
change in the pattern of growth towards the inferior limits of these
intervals, even if not reaching values below the 10™ centile. 2. Amniotic
fluid index (AFI): this parameter was measured and interpreted according

to the reference intervals produced by Phelan et al®

Oligo and
polyhydramnios were defined as AFls that persistently stayed below or
above, or crossed the limits of the 10™ and 90™ centiles of these
reference intervals, respectively. 3. Changes in the extra-abdominal
luminal diameter (delta luminal diameter - DLD): this parameter was
defined as the difference between the last and the first maximum luminal

diameter of extra-abdominal bowel loops divided by the number of weeks

between the measurements. 4. IBD: defined as the presence and/or the
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development of one or more dilated segments of intra-abdominal
intestinal loops. 5. Multiple IBD: defined as the presence and/or the
development of at least two dilated segments of intra-abdominal

intestinal loops during the follow-up period.

The outcome variables evaluated in this study were: 1. Fetal or neonatal
death. 2. Neonatal intestinal complications: atresia, stenosis, perforation
or necrosis. 3. Length of stay of the neonate in the NICU. 4. Duration of

EPN. 5. Time from birth to hospital discharge.

Maternal, pregnancy and postnatal data were described as absolute and
relative frequencies, the average and standard deviation (SD) or the
median and range. Continuous data were tested for normal distribution
using the Kolmogorov—-Smirnov test. Independent-sample t-tests or
Mann-Whitney U tests and chi-square tests were used to assess
continuous and categorical variables, when appropriate. The
relationships between continuous variables were tested using Pearson’s
or Spearman’s correlation coefficients and univariate logistic regression
analysis was performed when appropriate. Differences were considered
statistically significant if the two-tailed p-value was less than 0.05. The
data were analyzed using the statistical software packages SPSS 20.0
(Chicago, Il, USA) and Excel for Mac 2011 (Microsoft Corp., Redmond,

WA, USA).
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Results

In total, 61 fetuses with gastroschisis were evaluated throughout the
study period. Among them, 44 (72%) met the entry criteria (study group)
and 17 (28%) were not included in the final analysis for the following
reasons (Figure 1): ongoing pregnancies (4 cases); loss of follow-up (7
cases); less than three ultrasound fetal evaluations (5 cases);
amnioexchange procedure (1 case). Maternal and perinatal data are

shown in Table 1.

With regard to the serial prenatal ultrasound parameters, 33 (75%)
fetuses evolved with FGR and 11 (25%) exhibited normal growth; 25
(57%) had a normal AFI, nine (20%) had oligohydramnios and 10 (23%)
developed polyhydramnios; 28 (63%) fetuses did not show any sign of
IBD, 13 (30%) had simple IBD and three (7%) developed multiple I1BD;
the median (range) extra-abdominal DLD was 1.10 (-7.40 - 4.00) mm per
week. The median (range) time from birth to hospital discharge, stay in
the NICU and duration of EPN were 35 (3 - 90) days, 28 (3 - 69) days
and 23 (0 - 55) days, respectively. After the exclusion of one case of fetal
demise and one case of neonatal death, fourteen (14/42 = 33%)
neonates had intestinal complications, which included bowel atresia (7

cases = 17%), bowel necrosis (4 cases = 9%), bowel perforations (2
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cases = 5%) and bowel stenosis (1 case = 2%). Except for the case of
bowel stenosis, the other 13 (93%) neonates with intestinal complications
underwent bowel resection. Data on the ultrasound predictors and

postnatal outcomes are shown in Table 2.

None of the longitudinal prenatal ultrasound findings significantly
influenced the occurrence of fetal or neonatal death, the time from birth
to hospital discharge, the length of stay of the neonate in the NICU or the
duration of EPN. FGR correlated negatively and the presence of multiple
IBD correlated positively with the postnatal identification of intestinal
complications (Table 3). All three fetuses with multiple IBD had postnatal
intestinal complications, specifically, two cases of atresia and one case of
stenosis. None of these fetuses had multiple IBD in the beginning of the
follow-up. Multiple IBD in the fetus yielded a sensitivity of 21% and a

100% specificity in the prediction of neonatal bowel complications.

Discussion

This study demonstrated that the identification of multiple IBD in fetuses
with gastroschisis during serial ultrasound examinations is associated
with the detection of intestinal complications in the neonate. In addition,
our data showed that FGR was less frequent among cases with postnatal

intestinal alterations.
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The positive relation between fetal IBD and neonatal bowel complications
in cases of gastroschisis is well known.>'%'*2" Qur results reinforce this
knowledge and are similar to the findings published by Huh et al.'® In
their original work involving 43 cases of gastroschisis, these researchers
reported neonatal bowel complications in all cases that presented fetal
multiple IBD. None of their cases with simple IBD had neonatal intestinal
alterations. In our series, two of 13 patients with single IBD had postnatal
bowel complications whereas all three cases with multiple IBD presented
this outcome. Our finding that all cases with multiple IBD were detected
in the third trimester of pregnancy reinforces the importance of a serial

prenatal follow-ups in these patients.

The association between FGR with a lower rate of neonatal intestinal
complications has not been reported in the literature. In fact, many
studies demonstrate that a low birthweight in cases of gastroschisis is
related to higher neonatal morbidity and mortality rates.?*** The
outcomes evaluated in these studies are mainly clinical, with no special
attention to the occurrence of intestinal complications. The reasons for
our findings are not clear, however it may be speculated that fetuses with
gastroschisis and lower estimated weights have smaller abdominal
circumferences due to greater exteriorization of abdominal contents

through larger defects. This condition might somehow lower the pressure
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on the bowel and minimize the risk of intrauterine ischemia. Further

studies are necessary to better clarify our findings.

The main limitation of our study is most likely the small number of
patients. No other prenatal predictor evaluated in our series significantly
influenced the postnatal outcomes, however, there was a trend towards a
significantly higher incidence of adverse postnatal outcomes when these
markers were present. This finding warrants further analyses in a larger

sample.

In conclusion, our study reinforces the association of multiple IBD with
neonatal intestinal complications and adds the importance of a
longitudinal prenatal follow-up for detecting this marker. In addition, we
raise the question of a possible association between the pattern of fetal
growth and the occurrence of adverse postnatal outcomes, which must

be confirmed by further studies.
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Chart 1. Gastroschisis population flow chart
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Table 1. Maternal, pregnancy and perinatal data of the
study population

Mother and pregnancy n =44
20.3 +3.7 (13.3 - 33.0)
36.4 +1.4(32.0 - 38.9)

Maternal age (years)*
GA at delivery (weeks)*

Parity

Nuliparous 33 (75%)
Multiparous 11 (25%)
Delivery mode

Vaginal 7 (16%)
Caesarean section 37 (84%)
Fetal death 2 (5%)
Number of scans** 7(3-12)
Neonate n =42
Weight (grams)* 2332 +483 (1490 — 3575)
< 2000 9 (21%)
2000 — 2500 19 (45%)
> 2500 - 3000 12 (29%)
> 3000 2 (5%)
Apgar

1° minute** 8(1-10)
5° minute** 9(7-10)
Size

Small 19 (45%)
Adequate 23 (55%)

GA: gestational age

*Mean = standard deviation (minimum — maximum)

**Median (minimum — maximum)
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Table 2. Ultrasound predictors and outcomes evaluated

Ultrasound predictor

Fetal growth

FGR 33 (75%)
Normal growth 11 (25%)
AFI

Normal 25 (57%)
Oligohydramnios 9 (20%)
Polyhydramnios 10 (23%)
IBD

Absent 28 (63%)
Simple (1 segment) 13 (30%)
Multiple (= 2 segments) 3 (7%)

Extra-abdominal DLD* (mm/week)

1.10 (-7.40 - 4.00)

Outcomes

Death 6 /44 (14%)
Fetal 2 (5%)
Neonatal 4 (9%)
Intestinal complication 14/ 42 (33%)
Atresia 7 (17%)
Necrosis 4 (9%)
Perforation 2 (5%)
Stenosis 1 (2%)

Days of hospital stay*
Days in the NICU*
Days of EPN*

28 (3 - 69)

(1
(9
(5
(2
35 (3 - 90)
8
23 (0 - 55)

FGR: fetal growth restriction; AFIl: amniotic fluid index; IBD:
intra-abdominal bowel dilation; DLD: delta luminal diameter;
NICU: neonatal inensive care unit; TPN: total parenteral
nutrition

*Median (minimum — maximum)
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Table 3. Comparisons between ultrasound predictors and outcome variables

Fetal / Neonatal death Intestinal complication Days of Days of Days of
+ - p + - p Hospital p NICU p EPN p
+ 4 (9%) 29 (66%) 7 (17%) 24 (57%) 36 (3-90)* 30 (3-67)" 23 (2 - 55)*
FGR §0.63 §0.02 #0.32 #0.57 #0.39
- 2 (5%) 9 (20%) 7 (17%) 4 (9%) 26 (9-76)* 23 (9- 69)* 20 (0 - 37)*
. + 2 (6%) 7 (20%) 2 (6%) 6 (19%) 38 (26 - 90)* 33 (11 -67)* 25(9-41)*
Oligohydramnios §0.28 §1.00 #0.19 #0.07 #0.41
- 2 (6%) 23 (68%) 7 (22%) 17 (53%) 32(9-61)* 23 (9-51)* 20 (0 -42)*
+ 2 (6%) 8 (22%) 5 (15%) 5 (15%) 40 (3-76)* 38 (3-69)* 26 (2 - 26)*
Polyhydramnios §0.56 §0.27 #0.49 #0.13 #0.51
- 2 (6%) 23 (66%) 7 (20%) 17 (50%) 32(9-61)° 23 (9-51)* 20 (0 -42)*
+ 1(2%) 15 (34%) 5(12%) 10 (24%) 40 (15 - 76)* 32 (11 - 69)* 27 (5 - 55)*
Any IBD §0.39 §1.00 #0.49 #0.61 #0.54
- 5(12%) 23 (52%) 9 (21%) 18 (43%) 34 (3-90)* 26 (3-67)" 21 (0 - 55)*
. + 0 (0%) 3 (7%) 3 (7%) 0 (0%) 53 (18 - 76)* 48 (18 - 69)* 26 (5-27)*
Multiple IBD §1.00 §0.03 #0.43 #0.25 #0.92
- 6 (14%) 35 (79%) 11 (26%) 28 (67%) 35 (3-90)* 28 (3-67)* 22 (0 - 55)*
Extra-abdominal 0.92* 1.37* 1.05* 1.37*
#0.08 #0.27 10.09 t0.58 $0.03 t0.87 10.12 10.49
DLD (-7.40-1.09) (-0.13 - 4.00) (-7.40- 3.70) (-0.13-4.00)

FGR: fetal growth restriction; IBD: intra-abdominal bowel dilation; DLD: delta luminal diameter;
NICU: neonatal intensive care unit; EPN: exclusive parenteral nutrition

* Median (minimum — maximum)

T Spearman’s correlation coefficient

§ Fisher's exact test

# Independent samples Mann-Whitney U test

T Logistic univariate regression
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4. Discussao geral

Nosso estudo apresentou resultados variados em relacdo aos descritos na
literatura médica. Para algumas questbes nossos achados confirmaram os
relatos de publica¢des prévias, para outras as conclusdes foram opostas ao
esperado e foram levantadas novas hipéteses para perguntas que ja pareciam
ter respostas definidas.

No que diz respeito ao papel da ultrassonografia na predicao de desfechos
perinatais em casos de gastrosquise, a nossa observacdo de que a presenca
de multipla DAI no feto associa-se com maior risco de complicacdes intestinais
pds-natais confirma os resultados de estudos recentes. Esta confirmagdo €
importante, pois se em fetos sem defeito de fechamento da parede abdominal a
presenca de multipla DAl é considerada fortemente sugestiva de obstrugédo
intestinal, nos casos de gastroquise este achado poderia ser apenas uma
consequéncia da hipomotilidade intestinal que com freqiéncia é observada
nesses pacientes. Nossos resultados confirmam que a presenga de multipla
DAl ndo € uma achado que pode ser considerado normal em fetos com
gastrosquise e, apesar de pouco sensivel, possuiu alta especificidade para a

presenca de complicagdes intestinais no periodo pés-natal.
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Um outro fator avaliado que, embora menos especifico, também pode estar
associado a obstrucao intestinal em fetos sem defeitos da parede abdominal é o
polidramnio. Na nossa amostra de fetos com gastrosquise esse sinal nao se
correlacionou estatisticamente com nenhum dos desfechos avaliados, mas foi
mais freqliente nos casos de oObito fetal/neonatal e com complicacdes intestinais
pds-natais. Além disso, os casos de gastrosquise com polidramnio tiveram uma
tendéncia a maior tempo de internacdo hospitalar, internacdo em unidade de
terapia intensiva neonatal e nutrigdo parenteral exclusiva. Desta forma,
achamos que este € um sinal que merece ser mais bem avaliado em estudos
futuros.

Um achado totalmente novo do nosso trabalho foi o efeito protetor que a
RCF apresentou para a ocorréncia de complicagdes intestinais pds-natais.
Como varios estudos associam 0 baixo peso ao nascimento a maiores taxas de
morbidade e mortalidade p6s-natais, o esperado seria que a RCF se associasse
a desfechos perinatais mais desfavoraveis. Conforme discutido em um dos
artigos gerados a partir deste estudo, uma possivel explicacdo seria que a RCF
obervada nesses casos fosse uma consequéncia de uma menor medida da
circunferéncia abdominal fetal devido a uma maior herniagdo do conteudo intra-
abdominal para a cavidade amnidtica, j& que a formula US2D usada para a
estimativa de peso no estudo inclui medidas do abdome fetal. Na nossa opiniao
esta hipotese, embora precise ser confirmada em estudos futuros, faz sentido
por dois motivos. Primeiro, as complicagbes intestinais estudadas (necrose,
atresia, estenose e perfuracdo) podem ser secundarias a fendmenos

isquémicos e uma maior herniacao do conteudo intra-abdominal faria com que
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as alcas intestinais sofressem uma menor pressdo e assim ficassem menos
sujeitas a isquemia (vale lembrar que a dilatacdo de alcas intestinais é um
fendbmeno freqlente nesses casos). Segundo, nossa taxa de RCF foi de 75% e
nossa taxa de baixo peso ao nascimento de 45%, o que reforca a possibilidade
de uma subestimativa do peso devido a uma menor medida da circunferéncia
abdominal fetal. De qualquer forma, como ja mencionado, estas hipdteses
precisam ser mais bem avaliadas em trabalhos futuros.

Um resultado inesperado do trabalho foi o fato do nosso novo modelo US2D
de estimativa do peso fetal ter apresentado um desempenho pior do que o do
modelo US2D sem medidas abdominais proposto por Siemer et al. (2008) e do
que os modelos US2D com medidas abdominais e US3D com o volume da
coxa fetal propostos por Bennini et al. (2010). Esses resultados ndo eram
esperados, pois dos modelos US2D avaliados a nossa nova formula é a Unica
que incorpora dois fatores que de acordo com a literatura deveriam melhorar o
desempenho na estimativa de peso dos fetos com gastrosquise em relagdo aos
demais modelos testados: ndo utiliza medidas abdominais e foi gerada a partir
de pacientes da mesma populacdo dos fetos com gastrosquise. Vale lembrar
que o modelo US3D previamente publicado pelo nosso grupo também foi
gerado a partir de fetos da nossa populacao e nao utiliza medidas abdominais
fetais, mas como n&o encontramos relato do uso deste tipo de parémetro
(volume da coxa fetal medido por US3D) na estimativa de peso dos casos de
gastrosquise, o seu desempenho era uma incognita. Desta forma, a expectativa
era de que o nossa nova formula US2D apresentasse um desempenho no

minimo semelhante as demais formulas avaliadas.
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As razdes para tais achados nao nos sao claras. Uma hipo6tese seria que,
como os fetos com gastosquise tendem a ser menores, o impacto de variacoes
fenotipicas interpopulacionais na predicao do peso destes fetos também seria
menor. Além disso, 0 modelo US2D proposto por Siemer et al. (2008) foi gerado
a partir de uma amostra maior de pacientes e envolvendo somente fetos
prematuros (idade gestacional inferior a 37 semanas), isto também pode ter
contribuido para o melhor desempenho apresentado por esta férmula quando
comparado a nossa nova férmula US2D. Uma opgéao futura seria conseguir um
nuamero de casos suficientes para gerar uma férmula sem medidas abdominais
geradas a partir de fetos prematuros da nossa populagdo e novamente fazer
esta comparacéao entre os modelos.

Achamos interessante ressaltar que os nossos modelos US2D e US3D
prévios apresentam bom desempenho tanto em fetos normais como em fetos
com gastrosquise e, portanto, podem ser utilizados em ambas as situagoes. Isto
facilita a pratica diaria, pois elimina a necessidade de usar uma formula de
estimativa de peso para cada situagao.

Apesar de termos atingido o tamanho amostral esperado para a avaliagao
da estimativa do peso fetal por meio da ultrassonografia, o numero de pacientes
incluidos néo permitiu a avaliagdo do impacto de outras variaveis, tais como tipo
de estruturas herniadas pelo defeito abdominal ou posicédo do figado em relacao
ao mesmo, nas acurdcias das férmulas estudadas. Pelo mesmo motivo, ndo foi
possivel avaliar adequadamente a sensibilidade e especificidade de cada

modelo no diagnostico de restricdo de crescimento fetal. Este pequeno numero
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de casos se deve ao fato da gastrosquise ser uma doenca rara e havermos
utilizado pacientes atendidas em um unico centro.

O pequeno tamanho amostral, associado a falta de padronizagdo da
avaliacao ultrassonogréfica pré-natal do casos de gastrosquise, também limitou
muitas das conclusbes em relacdo a avaliacdo dos preditores
ultrassonograficos pré-natais e desfechos perinatais.

Desta forma, o estabelecimento de uma colaboracdo multicéntrica,
preferencialmente com a utlizacdo de protocolos prospectivos com parametros
ultrassonogréficos claramente definidos a serem avaliados, seria uma solugéao
para conseguirmos casuisticas maiores e com avaliagdes padronizadas e assim
esclarecer muitas das duvidas que ainda pairam sobre o papel da

ultrassonografia pré-natal nos casos de gastrosquise.
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5. Conclusao geral

A nova férmula US2D sem medidas abdominais gerada a partir de
nossos pacientes ndo melhorou a estimativa do peso ao nascimento de
fetos com gastrosquise da nossa populacdo em relacdo as outras
formulas US2D e US3D ja publicadas avaliadas. O modelo US2D de
Siemer et al. (2008) e as formulas US2D e US3D de Bennini et al. (2010)
apresentaram os melhores desempenhos na estimativa de peso dos
fetos com gastrosquise da nossa populagdo, ndo havendo diferenca

estatisticamente significativa entre os mesmos.

Em fetos com gastrosquise o achado de DAI mdltipla no periodo pré-
natal aumenta o risco de complicagbes intestinais (atresia, estenose,
perfuracdo e necrose) pds-natais e a presenca de RCF possui um efeito
protetor para este mesmo desfecho. N&o houve relacdo entre os demais

parametros ecograficos pré-natais e os desfechos perinatais avaliados.
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7. Ahexos

7.1. Anexo 1 - Parecer da Comissao de Pesquisa do DTG/CAISM

&

L Comissao de Pesquisa do DTG / CAISM

Campinas, 9 de outubro de 2012.
Protocolo n°: 052/2012

O protocolo de pesquisa “Gastrosquise: relagéo entre parémetros ultrassonogréficos
pré-natais e a evolugdo pés-natal” do pesquisador Jodo Renato Bennini Junior,
orientado pelo Prof. Dr. Cleisson Fabio A. Peralta, foi aprovado pela Comisséo de
Pesquisa do DTG/CAISM em 09/10/2012.

Atenciosamente,

PROF/DR.\J@SE GUILHERME C Tl
Presjdente g ommlo de Pesquisa do DTG/CAISM

Rua Alsxander Flemming, n.*101 - Cidade Univereithris 2efering Vaz - Campinas- 3P
Fone: (19) 36119400
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7.2. Anexo 2 - Aprovacao do projeto no CEP

FACULDADE DE CIENCIAS
MEDICAS - UNICAMP QB3 o™
(CAMPUS CAMPINAS)

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Gastrosquise: relagéo entre parametros ultrassonograficos pré-natais e a evolugdo p6s
-natal

Pesquisador: Joao Bennini

Area Tematica:

Versao: 3

CAAE: 10261212.7.0000.5404

Instituicdo Proponente: Hospital da Mulher Prof. Dr. José Aristodemo Pinotti - CAISM
Patrocinador Principal: Financiamento Préoprio

DADOS DO PARECER

Numero do Parecer: 234.076
Data da Relatoria: 07/03/2013

Apresentacao do Projeto:

O pesquisador esclarece que dados recentes mostram um aumento de 10 a 20 vezes na incidéncia da
gastrosquise em todos os grupos etarios nas Ultimas duas décadas, embora ainda ndo haja uma explicagdo
clara para isso. Associa-se a altas taxas de complicagdes intestinais, como perfuracéo, atresia e necrose,
com significativa morbidade. Apesar de reconhecer a importancia da identificacdo de fatores pré-natais que
possam predizer o risco de complicacdes nos casos de gastrosquise,a literatura é controversa sobre quais

seriam estes fatores e sobre o desempenho dos mesmos.

Método:

Estudo observacional analitico retrospectivo do tipo caso-controle, no qual os casos serdo os fetos com
gastrosquise que apresentaram complicacdes intestinaisv e os controles aqueles que ndo apresentaram. Os
sujeitos serdo selecionados entre aqueles acompanhados na Area de Obstetricia do CAISM / UNICAMP. O
tamanho da amostra foi estimado em 56 pacientes. As caracteristicas demogréaficas maternas, gestacionais
e poOs-natais serdo descritas utilizando-se freqléncias absolutas e relativas, média + desvio padrédo e
mediana e percentis. Analise de regresséo logistica simples sera realizada para o céalculo das razdes de
chances quando as variaveis independentes categéricas forem estudadas em relagéo a ocorréncia ou nao
de complicacdes intestinais neonatais. A normalidade da distribuicdo dos dados continuos sera avaliada
com o teste de Kolmogorov-Smirnoff e as comparagdes serdo feitas com o teste t de amostras
independentes ou

Endereco: Rua Tessalia Vieira de Camargo, 126

Bairro: Bar&o Geraldo CEP: 13.083-887
UF: SP Municipio: CAMPINAS
Telefone: (19)3521-8936 Fax: (19)3521-7187 E-mail: cep@fcm.unicamp.br
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FACULDADE DE CIENCIAS
MEDICAS - UNICAMP gwm
(CAMPUS CAMPINAS)

com o teste de Mann-Whitney. Valores de p menores que 0,05 serdo considerados estatisticamente
significativos.

Objetivo da Pesquisa:

Objetivo Primario:

Avaliar as associagcdes entre parametros ultrassonograficos pré-natais e complicagcoes

intestinais pos-natais em casos de gastrosquise.

Objetivo Secundario:

Avaliar as relagdes entre a presenca de complicagdes intestinais p6s-natais, (definidas como perfuragéo,
obstrugéo ou necrose) com os seguintes parametros ultrassonogréficos pré-natais: oligoamnio, dilatacéo de
algas intestinais extra-abdominais,dilatagdo de algas intestinais intra-abdominais, indice de pulsatilidade da
artéria mesentérica superior fetal,dilatacdo do estdmago fetal, herniagcdo hepatica e herniagéo vesical.

Avaliacao dos Riscos e Beneficios:

Trata-se de um estudo observacional analitico retrospectivo do tipo caso-controle, portanto sem riscos
previsiveis aos sujeitos de pesquisa.

N&ao havera beneficios diretos aos sujeitos de pesquisa, sendo que a definicdo de fatores prognosticos pré-
natais ajudaria na identificagdo dos fetos que se beneficiariam

de acompanhamento mais rigoroso ou mesmo de parto e intervencéo precoce, além de trazer mais
informacdes para os cirurgides e possibilitar melhor aconselhamento dos pais, resultando em potenciais
beneficios sociais.

Comentarios e Consideracoes sobre a Pesquisa:

Projeto bem qualificado, com desenho adequado para a baixa prevaléncia da doenca e para os objetivos
propostos. Apresentou célculo de tamanho amostral, baseado em pressupostos estatisticos corretos.
Podera trazer subsidios importantes para o grupo de cirugides e neonatologistas que cuidam destes
pacientes, além de fornecer importantes dados ao grupos de medicina fetal que fornecem informacdes
prognosticas aos familiares.

Considerag6es sobre os Termos de apresentagao obrigatoria:

Os investigadores apresentaram aprovagéo da Comissé@o de Pesquisa do Departamento de Tocoginecologia
do CAISM/UNICMAP e Folha de rosto devidamente preenchida. Projeto gerado pela Plataforma Brasil, com
adequagdo da area temética. Ha solicitagdo de dispensa do TCLE, por se tratar de estudo retrospectivo.

Recomendacoes:
Pendéncias atendidas.

Endereco: Rua Tessalia Vieira de Camargo, 126

Bairro: Barao Geraldo CEP: 13.083-887
UF: SP Municipio: CAMPINAS
Telefone: (19)3521-8936 Fax: (19)3521-7187 E-mail: cep@fcm.unicamp.br
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Conclusdes ou Pendéncias e Lista de Inadequacoes:

Aprovado com dispensa do TCLE.

Situacao do Parecer:

Aprovado

Necessita Apreciacdao da CONEP:

Néo

Consideracodes Finais a critério do CEP:

Em estudos retrospectivos, caso o pesquisador encontre dados que possam modificar o prognéstico ou
tratamento dos sujeitos de pesquisa, recomenda-se que tais informagdes sejam transmitidas aos
participantes e/ou anexadas ao prontuario para conhecimento da equipe clinica.

CAMPINAS, 02 de Abril de 2013

Assinador por:
Fatima Aparecida Bottcher Luiz

(Coordenador)
Endereco: Rua Tessalia Vieira de Camargo, 126
Bairro: Baréo Geraldo CEP: 13.083-887
UF: SP Municipio: CAMPINAS
Telefone: (19)3521-8936 Fax: (19)3521-7187 E-mail: cep@fcm.unicamp.br
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7.3. Anexo 3 - Ficha de coleta de dados

Projeto de pesquisa: “Gastrosquise: relacao entre parametros
ultrassonograficos pré-natais e a evolucao pés-natal”

Pesquisador responsavel: Dr. Joao Renato Bennini Junior

Caso n°: HC n°: Data da coleta dos dados: / /
DADOS DA GESTANTE

Nome: Sobrenome:

Data de nascimento: / / ldade:

G: PN: C: A:

DADOS DA ULTRASSONOGRAFIA

Data: / / Hora:

DBP: OF: CC: DAT:_ DAAP: CA: CF:
Volume da coxa:

Peso fetal estimado: ILA (cm): Oligo/Polidramnio:

Maior calibre de al¢a: extra-abdominal: intra-abdominal:
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DADOS DO PARTO

Data: / / Hora: Tipode parto: PN: £ C:1  F:I
Peso do RN: AlG: I PIG:I GIG:I
Obs:

DADOS POS-NATAIS

Complicacdes intestinais:

Tipo da complicacéao:

Tempo UTI neonatal:

Tempo nutricdo enteral total:

Tempo de internagéo:
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7.4.

Anexo 4 - Artigo: “Birth-weight prediction by two- and three-

dimensional ultrasound imaging”

Ultrasound Obster Gynecol 2010 35: 426-433

Published anfine ¥ December 2009 in Wiley InterScience (wwweinterscience wiley.com). DORE 10,1002 uog. 7518

Birth-weight prediction by two- and three-dimensional

ultrasound imaging

J. R. BENNINI, E. F. MARUSSI, R. BARINI, C. FARO and C. F. A, PERALTA

Dispartinent of Obstetrice and Gynecology, Center for Integral Assistance to Women's Health, State University of Campinas Medical

Sehool, Campinas, Brazil

KEYWORDS: birth-weight estimation; fetal growth; feral thigh volume; three-dimensional ultrasound; rwo-dimensional

ultrasound

ABSTRACT

Objectives To compare the accuracies of birth-weight
predicting models derived from two-dimensional (2D)
ultrasound parameters and from total fefal thigh volumes
measured by three-dimensional (3D wltrasound imaging;
and to compare the performances of these formdae with
thase of previously published equations.

Methods A total of 210 patients were evaluated to create
a formula-generating group (n = 150) and a prospective-
validation group (n = 60}). Polynomial regression anal-
ysis was performed on the first group to generate one
eguation based on 2D ultrasound measurements, one
based on fetal thigh volume measured by the wmulti-
planar techuique (ThiM) and one based on fetal thigh
volume obtained by the Virtual Organ Computer-aided
Analysis (VOCAL™) method (ThiV). Paired-samples
t-tests with Borferroni adjustments were used to compare
the performances of these equations in the formula-
finding and the prospective-validation groups. The same
approach was wsed to compare the accuracies of the new
2D and 3D formulae with those of botk original and mod-
ified 2D} equations from previows publications, as well as

the 3D model reported by Chang cr al.

Results The formulae with the best fit for the prediction
af birth weight were: estimated fetal weight (EFW)
= —562.824 + 11.962 x AC x FDL + 0.009 x BPD? x
AC? (where AC is abdominal circumference, FDL is fermur
diaphysis length and BPD is biparietal diameter), EFW =
1033.286 + 12.733 = ThiM, and EFW = 1025.383 +
12.775 = ThiV. For both the formula-generating and the
prospective-validation groups, there were no significant
differences between the accuracies of the new 2D and 3D
wmiodels in the prediction of birth weight. When applied

to our population, the performances of the modified and
original versions of the previously published 2D equations
and the performance of the original 3D formula reported
by Chang ctal. were all sigmificantly worse than ownr
models.

Cornclusions We believe that the greatest sowrces of
discrepancy in  estimation of birth weight are the
phenatypic differenices among patients wused to create
cach of the formulae mentioned in this study. Our data
reinforce the need for customized birth-weight prediction
formulae, regardless of whether 2D or 3D measturements
are employed. Copyright © 2009 ISUOG. Published by
Jobn Wiley & Sons, Led.

INTRODUCTION

Accurate csimation of fetal weight is a major concern
in perinatal care, because abnormal intrauterine growth
1s assoclated with increased nconatal morbidity and
mortality! ~*, For the past 30 years, the asscssment of fetal
size and growth has essentially been based on predictive
models derived from two-dimensional (2D) ultrasound
measurements. Although widely used in routne clinical
practice, these formulae provide weight estimates with
errors of up to 20% when compared with actual birth
weights® 11,

The advent of three-dimensional (3D) ultrasound 1mag-
ing has allowed the accurate and reliable calculation of
feral organ volumes'*~', Some authors have demon-
strated that the prediction of birth weight using fetal
limb volumetry is more precise than that obtained
using conventional 2D ultrasound parameters'* =2, These
studies have compared the accuracy of their new 3D

Correspondence to: Dir C. F. AL Peralea, Departaments de Ginecologia e Obstetricia, Centro de Atengio Integral 3 Sande da Mulher
(CAISMY, Universidade Estadual de Campinas (UNICAMP), Rua Alexander Fleming, 101 — Cidade Universitiria Zeferino Vaz, Distrito de
Bario Geraldo, Campinas, 5.P., Brasil, CEP 13083-970 {e-mail: cfaperalta@hommail.com)

Accepted: 7 September 2009

Copyright © 2009 ISUOG, Published by John Wiley & Sons, Lid.
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volume-denved equations with that of the rradinonal 2D
measurement models when both are applied to their 3D
formula-generating and validation groups. An issuc that
remains unclear 1s whether these findings reflect a true
improvement offered by 3D ultrasound imaging or simply
result from phenotypic differences between the patients
used to create cach formula.

The aim of this study was to compare the accuracies of
2D and 3D birth-weight predicting models generated from
the same sample of patients. In addinon, we compared the
performances of these formulac with those of previously
published 2D and 3D cquations when applied to our
paticnis.

METHODS

This was a two-stage prospective cross-sectional study
carried out at the Center for Integral Assistance to
Women’'s Health over a 19-month period {between July
2007 and Januvary 2009}, The cthics committee of the
State University of Campinas Medical School approved
this protocol. All panents who agreed to participate signed
an informed consent form.

The first phase of the study was carried out over the
inittal 15 months in order to composc a formula-finding
group. The sccond phasc was undertaken during the
last 4 months to gather patents for validation of our
new birth-weight predicting models. Data from the first
subsct of women were also used in another report aimed
specifically at the companson between the multiplanar
and Virtual Organ Computer-aided AnaLysis (VOCAL™,
GE Medical Systems, Zipf, Austria} techmques for the
assessment of fetal thigh volume?!,

The eligibility critena for the entire study were: paticnts
admutted to the hospital for delivery or because of a high
probability of the spontancous onsct of labor within
the next few days; no maternal discases or conditions
associated with alterations in feral growth, such as pre-
cclampsia, diabetes or tobacco use; singleton pregnancy;
well defined gestational age based on the known date
of the last menstrual period andfor the measurement
of embryonicffetal crown—rump length durnng the first
trimester, interpreted based on the reference intervals
reported by Robinson and Fleming®™; normal fetal
anatomy during obstetric scans and confirmed by
postnatal clinical examinanon: delivery <49 complete
hours after the 2D measurements; and 3D volume
acquisition performed at our institution. Exclusion criteria
were: multiple pregnancies; the presence of marcrnal
discases or conditions associated with alterations in
feral growth; uncertain gestational age; fetal anomaly
derected by ultrasound imaging or after birth; delivery
=49 complete hours after the 2D and 3D ultrasound
cvaluations; and delivery in other hospitals. The amount
of amniotic fluid was not used as a sclection criterion.
The patients were non-consecutive because ultrasound
examination depended on the weekly schedules of the two
physicians. Nonetheless, the inclusion process respected

Copyright © 2009 ISUQG, Published by lohn Wiley & Sons, Ltd.
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the chronological sequence 1n which the women were
admatted to the hospital.

Demographic characternistics of the mother, including
age, gestational age and panty, were recorded ar the
time of the scan. The subjects included in this study were
mostly of mixed race and came from lower sociocconomic
backgrounds. These characteristics are representative of
the great majority of patients secking assistance from
the public health system of our country. Data on the
gestational age at birth, mode of delivery and clinical
charactenstics of the newborn {(weight and Apgar scores)
were collected from the mother’s hospital records. At our
institution, neonates arc catcgorized as small, normal or
large for their gestational age if their weights fall below
the l(}m._ berween the 101 and the 90™_ or above the o
percentile of the reference intervals defined by Alexander
et al.>3, respectively. All neonates were weighed immedi-
ately after birth in the delivery room on the same precision
clectronic Filizola Baby scale (Filizola SA, Weghting and
Automation, Campo Grande, M5, Brazl), which has a
precision of 5 g and 1s calibrated every 2 weeks. The date
and time of cach scan and birth were recorded to allow
calculation of the time from scan to birth.

All ultrasound examinations were performed transab-
dominally, with a Voluson 730 Expert scanner, cquipped
with a RAB 4-8L probe {GE Medical Systems, Milwaukee,
WI, USA) by either one or both of two previously selected
physicians (J.LR.B. and C.F.AP., with 3 and 10 years’
expericnce with 3D ultrasound imaging, respectively).
Examinanion of the same patient by both operators was
limited to cases used for analysis of mtracbserver and
mterobserver vananons, which arc discussed in another
manuscript™' . Patients who were not included in the
assessment of the repeatability and reproducibility of mea-
surements were examuned by one physician only, When a
woman was evaluated by both physicians, only the first
assessment by the first operator (J.LR.B.) was used in this
analysis.

Two-dimensional ultrasound measurements

Conventional 2D ultrasound fetal biometry was per-
formed as follows. Head measurements were obrained
in the axial view at the level of the cavum septi pellu-
cidi, where both thalami could be scen symmetrically,
and the anterior and posterior aspects of the cercbral falx
were equidistant to the parietal bones. Biparnictal diameter
(BPD)} was measured from the outer edge of the proximal
parictal bone to the inner edge of the distal skull table,
in a line perpendicular to the orientation of the cerebral
falx. The head circumference (HC) was calculated using
the scanner’s automatically generated ellipse including the
outer margins of the fetal skull. Abdominal circumference
{AC} was mecasured in a transverse circular view of the
abdomen at the level of the stomach and the portoumbili-
cal vein complex. Anteroposterior | APD) and laterolateral
(LLD)} diameters across the center of the abdominal image
were obrained. The calculation of AC was obtained from
the equation (APD + LLD) = w/2. Femur diaphysis length

Ultrasound Obstet Gynecol 2010; 35: 426 -433.
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{FDL) was measured in a plane m which the full femoral
diaphysis was almost parallel to the transducer surface.
The measurement was taken from one end of the diaphysis
to the other.

Three-dimensional ultrasound measurements

The acquisition and storage of 3D datasets were
performed as follows. Inmally, the transducer was held
over the longitudinal aspect of the fetal femur. Several
thigh volumes were acquired using automatic sweeps, but
two to four of them were stored for further analysis. The
3D volume box was adjusted for the size of the thigh, and
the sweep angle was sct at berween 30 and 707 depending
on the gestational age. The slowest sweep velocity (four
frames per s) was chosen in order to guarantee the best
resolution of the image, and the acquisition process was
repeated 1if there was any maternal or fetal movement.
Volumes affected by motion artifacts were not stored.

Thigh volumetry using both the muloplanar and
VOCAL techniques was performed offline with 4D view
software version 5.3 (GE Medical Systems) on darasets
retricved from the scanner by the same operator who
examined the patient. For this purpose, the physician
sclected only one dataset among all those stored for
a specific patient, on the basis of image quality, and
measured thigh volumes using both methods (multiplanar
and VOCAL).

Total fetal thigh volumetry by the multplanar
technique was performed as previously described by
Chang et al.’® and by oursclves”™. Briefly. the surface
of the thigh was drawn manually in every axial view
3 mm apart from each other, from one end of the femur
diaphysis to the other. At the end of this process, the total
thigh volume (ThiM|] was automatically calculated by the
buile-in scanner softwarc.

Thigh volumetry by the VOCAL techmique was
performed as previously deseribed by our group®. The
datasct containing the fetal thigh was displayed on the
screcn in three orthogonal planes. The sagirtal view of the
femur was exposed in one of these planes, and this image
was rotated so that the thigh and whole diaphysis were
identfied in a perpendicular position. Two demarcanng
arrows were positioned at cach end of the diaphysis to
define the limits of the thigh to be included in the volume
calculation. Volume estmates (ThiV) were computed
utilizing the VOCAL program with 2 manual trace at
307 of rotation,

Statistical analysis

Comparison of the demographic characteristics of the
formula-generating and prospective-validation groups

Panents in the formula-generanng group were compared
with those from the prospective-validation group with
regard to age, gestational age at the tume of the scan,
panty, mode of delivery, time from scan to birth,
weight of the neonate, Apgar scores and neonatal weight

Copyright © 2009 1SUOQG. Published by John Wiley & Sons, Led.

Bennini et al.

category (small-, normal- or large-for-gestational agel.
Independent-samples f-tests and Chi-square tests were
used for the assessment of continuous and catcgorical
variables, respectively. The Mann—Whitney U-test was
used for comparison of Apgar scores between the two
groups. Two-tailed P = 0.05 was considered statistically
significant,

Creation of new two- and three-dimensional ultrasound

models

Using data from the first phase of the study and weight of
the neonate as the dependent variable, polynomaal step-
wisc regression analyses up to the third order were con-
sidered to generate three birth-weight predicing models
with the following predictors: conventional 2D ultrasound
measurements, total fetal thigh volume measured using the
multiplanar method {ThiM) and total fetal thigh volume
measured by the VOCAL technigue (ThiV). The formu-
lac including thigh volumetry were also used in another
report of the comparison of these methods™!. To construct
the 2D} formula, eigenvalue, tolerance, variance inflation
factor, condinon index and varance proportion were cal-
culated to check for multicollinearity among independent
variables™, The criteria for multicollincarity were: cigen-
value = 0.1, tolerance value <1 —¢*, variance inflation
factor = 1/(1 — %), condition index = 0.30 and variance
proportion = (.8, These tests were not performed when
the 31} measurement models were derived, as in such cascs
only the first, sccond and third powers of thigh volumes
were evaluated as independent variables, For all best-fit
equations, Kolmogorov—Smirnov tests were performed to
check for normality of the standardized residuals.

Comparison of previously published equations
with the models created in this study

The original and modified 2D ultrasound formulac
described by Hadlock et al®*, Woo eral'” and Hsich
et al.'', as well as the original 3D ultrasound equation
reported by Chang et al.'®, were applied to our data in
order to compare their performances with those of our
new models. The criterion for the selection of these specific
2D equations was the presence of the same parameters
(BPD, AC and FDL) used in our new 2D formula. The
reason for choosing Chang’s 3D model was that we used
the same multiplanar technique for the measurement of
total feral thigh volume. The modified 2D ultrasound
models {obtained from the original formulae published by
Hadlock et al.®®, Woo et al.'® and Hsich et al.'') were
generated by the calculation of new coefficients derived
from mulople regression analysis using their equations’
terms and our data. By using this approach, we sought
to minimize potential biases in comparing the prediction
errors of functions generated from two different study
populations. The original and modified formulac used
for comparison with our new models are described in

Table 1.
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Table 1 Original and modified two-dimensional {2DUS) and three-dimensional (3DUS) ultrasound imaging birth-weight prediction models

nsed for comparison with the new formulae created in this study

Formmla Parameter Eguation

Hadlock et al 2DUS Logys EFW — 1.3598 4+ 0.051 = AC + 0.1844 x FDL — 0.0037 x AC x BPD

Modified Hadlock 2t 2l 2DUS Logyg EFW = 2,368 + 0.011 x AC + 0.068 » FDL + 0.001 » AC x BPD

Hadlock et al.? IDUS Logyg EFW = 1.335 — 0.0034 x AC x FDL 4 0.0316 = BP'D + 0.0457 = AC + 0.1623 = FDL

Modified Hadlock et al.”  2DUS Logis EFW = 1.252 — 0.004 »x AC x FDL + 0.027 x BPD + 0.048 x AC + (0,192 = FDL

Woo et al 10 2pUs Logy EFW = 1.54 + 0.15 x BPD + 0.00111 x AC? — 0.0000764  BPD x AC? +0.05 = FDL
— 0.000992 x FDL x AC

Modified Woo ef al,'? 2DUS Login EFW = 1.794 + 0,080 = BPD + 0.001 % AC? — 0.000046 »x BPD x AC? + 0.126 x
FDL — 0,002 x FDL x AC

Hsich ¢ al.!! DU Logyg EFW = 2.7193 + 1.745 x 0.001 » BPD? x FDL — 7.6742 » 0.0001 x AC x
BPD? — 01432 x FDL + 9.4962 x 0001 x AC x BPD

Modificd Hsich et al.!! 2DUS Logyg EFW = 2,369 — (L00012 % BPD? » FDL — 0.000095 x AC x BPD? + 0.077= FDL +
0.003 % AC = BPD

Chang et al.' DS EFW = 1080.8735 + 22.44701 x ThiM

AC, abdominal circumference {in cm); BPD), biparictal diameter (in cm); EFW, estimated fetal weight {in gl; FDL, femur diaphysis length (in
cm); ThiM, fetal thigh volume measured by the multiplanar technique {in cm?).

In both the formula-generating and the prospective-
validation groups, the performances of cach of these
equations were analyzed by the calculation of systematic
and random errors. The systematic error, or accuracy, was
cvaluated by calculanng the mean sign percentage crror
{{esumated feral weight — acrual birth waghti/actual
birth weight x 100). The random crror, or precision,
was evaluated by calculating the 5D of the mean sign
percentage crror. Paired-samples #-tests with Bonferrom
adjustments were used to detect significant differences
between the accuracies of these formulac. The adjusted
P waluc (P), which was calculated according to the
Bonferrom method, was obtained from the formula P =
k x P, where k£ was the number of paired comparisons
and the P value was obtained from ecach paired-
samples #tese™2. In this manner, for the comparison
of the accuracies of our new 2D and 3D formulae,
the P for cach paired comparison was obtained by the
formula 3 x P value. Similarly, for the comparison of
our 2D model with the original and modified functions
of Hadlock etal®®, Woo efal'® and Hsich etal!
(cight paired comparisons), cach P* was obtained by
the formula P'= 8 x P value of the paired-samples -
test. This method has the restriction thar the P/ cannot
exceed 1.0, In order to compare the random errors
of two equations, correlated variance tests for paired
samples were used? . For cach paired comparison, the
variances were considered to be significantly different if
the P value obtained from the r {Pearson’s correlanion
cocfficient) distribution table was less than 0.05. The
r value was calculated using the formula: r=(F—
1/ UF+ 12 —4 x> x F), where F is the ratio of
the wvariances of the groups being compared. All
P values exceeding 0.200 were referred to as P =
0.200.

The data were analyzed using the statisoical software
packages 5PS5 16.0 (SP5S, Chicago, IL, USA} and Excel
for Windows 2007 (Microsoft Corp., Redmond, WA,
USAJ.

Copyright £ 2009 15UOG. Published by John Wiley & Sons, Ltd.

RESULTS

A total of 254 panents were evaluated throughout the
whole study period. The first 182 women were examined
during the initial 15 months (Phase 1} with the purpose
of composing a formula-gencrating group. Of these, 153
met the entry criteria. A total of 29 cases were excluded
because their delivenies occurred more than 49 h after the
scan. During the last 4 months of the study (Phase 2),
another 72 patients were cvaluated in order to create a
prospective-validation group. Ten of these were excluded
because their deliveries occurred more than 49 h after the
scan.

Of the 133 patients from the formula-generatng group,
threc more were withdrawn from final analysis because
fetal thigh volumetry was not possible owing to poor
image quality in the 3D dataset. For the same reason, two
of the 62 cases in the prospective-validation group were
climinared. Demographic and clinical data for the remam-
ing 150 patients from the first group and 60 patients from
the second group are presented in Table 2. No stanistically
significant differences were noted between these groups
with regard to matcrnal age, gestational age ar the time
of the scan, parity, mode of delivery, time from scan to
birth, weight of the neonate, Apgar scores or neonatal
weight category.

The best-fit formulac for the estimation of fetal
weight using 2D ultrasound parameters and 3D fetal
thigh volumes were: estimated feral weight (EFW) =
—562.824 + 11.962 x AC x FDL+ 0.009 x BPD? = AC?
(5D of predicted values, 554.261; r = (.899; r* = 0.808;
P < 0.001), EFW = 1033.286 + 12.733 x ThiM (5D
of predicted walues, 366.521; r=10.919; r =0.845;
P < 0.001) and EFW = 1025383 + 12775 x ThiV
(5D of predicted values, 570.6299; r = 0.926; rr=0.857;
P = 0.001). The results of the Kolmogorov—Smirnov tests
revealed normal distnbutions of the standardized residu-
als for all equations.

For both the formula-generating and the prospective-
vahidation groups, no staostically significant differences
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Table 2 Demographic characteristics of the formula-generating and prospective-validarion groups

Bennini et al.

Formula-generating group

Prospective-validation growp

Characteristics fn = 150} fn=&0) P
Mother
Age (ycars) 2644+ 63(15-43) 2716l (1e-43) (0.335%
Gestational age (weeks) 38442.3(29.7-41.7) 335+ 58(294-42.4) 0.970*
Parity 0.457+
Nulliparous 47 22
Parous 103 38
Mode of delivery 0.629+
Vaginal 68 (45.3) 25 (41.7)
Cesarean section B2 (54.7) 35 (58.3)
‘Fime: hetwren scan-and birth {h) 1814 14.7 (0.7-48.6) 19.1 + 16.0 (0.7_48) 0676
Mecnate
Weighe (g 31247 £ 616.5 (1445-4500) 32474 £ 5983 (1475-4750) 0.211%
=2500 g 21(14) 7 (11.7) 0.567+
2500-4000 g 118 {78.7) 46 (76.7)
= 4000 g 11(7.3) T111L.7)
Apgar score
1 min 9(2-10) 912-10) (L9853
5o 10 (6-10) 10 (7-10) 07184
Size 0.909+
Small 16 {10.7) 7 (11.7)
Adequate 119 (79.3) 46 (76.7)
Large 15(10.09 71117

Values arc mean £ 5D (range), # (%) or median {range). *Independent-samples t-test $Chi-square test. $Mann-Whitney U-test.

Table 3 Accuracy and precision of birth-weight prediction of the rwo-dimensional (2D} and three-dimensional (3D cquations created in this

study in the formula-generating and prospective-validation groups

Versus 3D formula (ThiM)

Versus 2D formula

Group/Formmula MSPE 4 800 (%) P MSFE PSD P MSPE P 5D
Formula-generating group

New 2D formula ~0.27 £ B35

New 3D formula (ThiM) .69+ 7. 64 0.594 = (0.204)

New 3D formula (ThiV) 073 +7.99 0627 = 0.200 1.000 0.100
Prospective-validation group

New 2D formula 1.27 +8.78

New 3D formula (ThiM) —NB2LB24 0.402 = 0.200

New 3D formula [ThiV) 0.06 £ 8.08 1.000 =0.200 0.087 = 0.200

MSPE £ 5D, mean sign percentage crror (accuracy| £ 5D {precision) of MSPE; IY MSPE, paired-samples t-tests with Bonferroni adjustment
for comparison of MSPE; P 5D, correlated variance in paired samples for comparison of SD: ThiM, thigh volume measured using

multiplanar technique; ThiV, thigh volume measured using VOCAL

were noted between the accuracies and precisions of our
2D and 3D models in the prediction of birth weight
(Table 3).

The performances of previously pubhished formulae,
when applied to our population, were significantly
worsc than those of our new models (Tables 4 and §5).
Although our 2D function allowed the estmaton of
birth weight with a mean &+ SD sign percentage error
of —0.27 +8.35% in the formula-finding group, the
result obrained from the original model reported by
Hsich etal!' was 597 £ 15.34%. The performances
of all other original and modified 2D models were
even worse than the model described by Hsich e al.!!
(Table 4). In the prospective-validation group, our 2D

Copyright © 2009 1SUOQG. Published by John Wiley & Sons, Led.

technique.

equation had an accuracy of 1.27%, which was not
significantly different from those obtained using the
original and modified formulac of Hsich efal'! and
the original models reported by Woo etal'® and
Hadlock et al.? (Table 4). However, the random crrors
produced by all formulac tested in this study were
significantly worse than those resulting from our new 2D
model, in both the formula-finding and the prospective-
validation groups. Similarly, the performance of our
new 3D function that used ThiM was significantly
better than that of Chang's equation, in both the
formula-finding and the prospective-validation groups
{Table 5).

Ultrasound Obster Gynecol 2010; 35: 426433,

Anexos - 105



Birth-reeight prediction 431

& b Table 5 Comparison of the accuracy and precision of a previously
.-E : ox - o ot published three-dimensional (3D formula with those of our new
% #S 5 o == |y 3D cquation using thigh volumetry as determined by the
‘1". -E bt v o ot £ multiplanar method
< = = g
- = T Formula- Praspeaciue-
-E % = = _f generating validatron
f e o o S = Farmula prowf grop
2 % o =33 |8
B 5 i e |d New 3D formula (THM) 0734800 0811824
= = HE &, {MSPE £ 5D) (%)
) E Chang et al.! formula 52.75+1227 306441240
£a = {MSPE + 5D} (%]
2 = 2 z P MSPE =0.001 <0001
2 = e e || B PSD <0.001 =0.001
g £ EE L EE |%
A, g A3 #a9 e
E @ --E b v '3 VoV '—'—'L MSPE, mean sign percentage error {accuracy) £ 5D (precision) of
= = - = B MSPE; P MSPE, paired-samples t-tests for comparison of MSPE;
E B ] P 5D, correlated variance in pam:d sa.m]:l]es for comparison of 51
= - £ ThiM, thigh volume measured wsing multplanar eechnique.
: = s g
T Sgg | B
£ = i == 12 DISCUSSION
o -+ =2 o
U S =i o L i A = g
E i o 5 This study shows that there 1s no statistically significant
ol k. difference in the predicoon of birth weight by 2D and
g £ 3D formulae that are generated from the same set of
e - = [ 2} ! 3
= - = e b patients. Conversely, it demonstrates that 2D and 3D
L — e e S= - - =rr =
i £ LwE8 LE8 | % cquations that were created using d.lf_tcrcnt pop_ul:_lrions
'.E . = ESS 55 | B hgvt s:gr_uﬁca_n:i'y |owc1_' performances in the prediction of
2 | = = 5 birth weight in our patients than our models.
: £ =2 The main question raised in this study was whether
B Et% & " £ the superior accuracy of 3D formulac over previously
B 5 A= S -::i published 2D equations reflects a true advantage of 3D
- -0 o -0z T - . Wi .
5 (] H2x ams E ultrasound imaging, or whether it is simply a result of
. = oo i 3 ”,
g 8 -l R < s phenotypic differences between the patients used to create
g - - % cach of these formulae, Chang et al.'® concluded that 3D
= 5 ultrasound assessment of fetal thigh volume has better
; 2 r b= ur accuracy in predicting birth weight than 2D ultrasound
g i 3 S22 % formulae previously produced by Warsof et al.”, Thurnau
-.E 2 3 Hao Z etal” and Hadlock et al.?. The 3D equation yielded a
g = - e oo = mean value of error of 0.0 g, percentage error of 0.7%,
o 5 2 absolute error of 176.1 g and absolute pereentage error
= | = N & g of 5.8%, whereas the results for the same parameters
= | 2|3 Rl e é’ using the 2D formulac were —206.2 g, —6.2%, 249.0 g
= = - = 2 - r
F = wES& mS $ and 7.5% (Warsof et al’), —708.4 g, —20.8%, 7084 g
3z & 9% BTV | = and 20.8% (Thurnau eral”), and —224.9g, —6.7%,
o ' ’ @ 260.1 g and 7.8% (Hadlock et al.” ). These values were a
n g b s 260.1 g and 7.8% (Hadlock et al.”). Th I il
._EC' E significantly different from those obtained with Chang’s
2 3 = cquation. Similarly, Lee ef al*® demonstrated that a
S ] i < S A . =
4 E it o £ different way of measuring fetal thigh volume, the
- L1 5 * Y H
i = + pr &E fractional limb volume, can also be used to predict birth
= S = oy £ 2 weight with better accuracy than the formulae reported
= = = : 3
= E i == Eg by Shepard et al.’ and Hadlock etal?® Other authors
P u o »
E gT E S‘E“-_ have used fetal upper arm volumes'” and abdominal
= E g F 3 organ volumes'® to estimate birth weight, and have also
=t - = - :
- e 2F §E maonstrated an improved performance of these formulac
5 | 85 de ed ed perf f these f 1
= E A E o Em compared with those of traditional 2D equations. Qur
5 " 51_: g ;'.-L_: g g results, at least in part, contradict these findings. We
- = s Bar i 5 e
+ z = g SggEy |HF observed that, if 2D and 3D formulac are generated from
3 E =0 B2 w3 e i :
z g ESaa B=aa |5 E the same sct of patients, tht:_y have similar accuracics F_u:
B o B o & b the prediction of birth weight. More recently, in 176
Copyright £ 2009 15UOG. Published by John Wiley & Sons, Ltd. Ultrasound Obstet Gynecol 2010; 35: 426-433.
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prolonged pregnancies, Lindell and Marsal demonstrated
that fetal weight could be estimated using 2D sonography
with the same accuracy as 3D sonography™®.

In this study, we compared the accuracics of the most
commonly used 2D formulae and of the 3D equation
reported by Chang ef al.'® with those of our new 2D and
3D models. We did not compare our 3D equaton with
the formulac generated by Song ef al.'? and Lee ef al.?”
because the techniques used to calculate fetal thigh volume
were different. Comparisons with the equations created by
Schild e al.'® were not possible either, because they used
feral abdominal organ volumes in association with thigh
volumes to predict weight. The sclection of conventional
2D formulac for comparison with our models was based
on the predictor variables included in these functions.
We chose only the formulac that used BPD, FDL and
AC, which were the parameters used in our equation. In
addinon, we took care to generate modified 2D ultrasound
models from the original formulac published by Hadlock
etal®®, Wao et al’® and Hsich et al." for comparison
with our 2D equation. As mentioned previously in this
article, by using this approach, we sought to mmimze
potennal biases in comparing the prediction errors of
formulae generated from two different study populations.

Our results support the claim that birth-weight
predicting formulac should be customized to cach
specific population. We noticed striking differences in
the prediction of birth weight between our formulae
and others. When we applied the onginal equations
reported by Hsich et al'', Woo et al'" and Hadlock
et al.*? to the patients in our formula-finding group, we
obtained corresponding mean =+ SD sign percentage errors
of 5.97 £15.34%, 6.06+15.19%, —12.43+15.35%
and 7.64 £ 15.68%. These results were all significantly
different from those obtained using our new 2D equation
(P" MSPE = 0.001; P SD < 0.001}). The performances of
the modified models were even worse when applied to
the formula-generating group. Regarding the prospective-
validation group, there were no differences observed in the
accuracies of the original and modified formulae of Hsich
etal.'', the original model of Woo e al.'" or the original
model of Hadlock eral? and the accuracy of our 2D
equation. However, in this group, these formulac yiclded
significantly higher random errors than those generated
by our model. Moreover, 1t 1s important to consider
that we used paired-samples #-tests with Bonferrom
adjustment for the comparnison of the accuracies of
different equations, in both the formula-finding and the
prospective-validation groups. This statistic was chosen
instead of ANOVA because our intention was to compare
specific pairs of observations rather than all possible
combinations of groups of measurements. This approach
is known to be highly conservative in controlling the
overall Type | error when multiple comparnisons are
made. Therefore, we were extremely rigid in considering
all possible original and modified formulae (we used a
total of eight different equations) for comparison with
our 2D model, as the corrected P values obtained for
cach paired comparison resulted from the multiplication

Copyright © 2009 1SUOQG. Published by John Wiley & Sons, Led.
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of cach P value derived from the paired samples -
test by eight. In their article regarding fracnonal limb
volume, Lee et al?® also applied a modified formula
generated by Hadlock e al. to their patients and noticed
a better performance than that obtained with the onginal
equation. In our cvaluation, the modified models of
all previously published 2D cquations did worse than
the original models ar predicting birth weight in our
population. When we compared our 3D equaton to that
of Chang et al.'®, the differences were even greater than
those observed in the comparison of our 2D equation
with the other 2D models.

One may argue that our findings are the result of
inaccurately performed 2D and 3D measurements. We
believe this hypothesis to be extremely unlikely because
the 2D ultrasound measurements of BPD, HC, AC
and FDL have been emploved universally for years,
and the physicians who evaluated the patients in this
study have significant experience in performing obstetric
ultrasound examinations. The greater discrepancy found
in the companson of the 3D formulae may have resulted
from a systematic difference in the method of fetal
thigh volumetry because the training process to become
experienced with 3D wltrasound imaging and fetal organ
volumetry is more complex and time consuming. All
of the steps described by Chang e al.'®, however,
were followed in our patients. Morcover, before data
acquisition for this analysis, both sonographers involved
in fetal thigh volumetry underwent a training process and
cach cvaluated 50 datascts. In addition, in a scparate
analysis, we demonstrated that both the repeatability and
reproducibility of total fetal thigh volume measurements
using the multiplanar technique are acceptable, and
arc comparablc with the results obtained by other
authors™®-2!,

In conclusion, we believe that the greatest sources
of discrepancy in estimation of birth weight are the
phenotypic differences among the patients used to create
cach of the formulac mentioned in this study. We
suppose that lower errors would result from the use of
simpler processes, which could give 2D measurements an
advantage. In addinion, we believe that our dara reinforce
the need for customzation of birth-weight prediction
formulae, regardless of whether 2D or 3D measurements
arc cmployed.
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