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RESUMO

Objetivo: Avaliar a acuricia de diferentes pardmetros do Doppler da artéria oftdlmica
(DAO) no diagndstico de pré-eclampsia (PE).

Métodos: MEDLINE, EMBASE, Bireme, Lilacs, Web of Science, Cochrane Library,
Scopus, e a literatura cinzenta foram sistematicamente pesquisadas para identificar
artigos relevantes relacionados ao diagndstico de PE usando o DAO. Os estudos eram
elegiveis para inclusdao se incluissem mulheres com gestacdo unica com idades entre 18
e 45 anos sem ou com fatores de risco para PE. A qualidade dos estudos foi avaliada
com a ferramenta QUADAS-2. Para investigar a diferenga média dos valores do DAO,
do pico de velocidade sistolica (PVS), da velocidade diastolica final (VDF), do segundo
pico de velocidade sistolica (P2), do indice de resisténcia (IR), do indice de pulsatilidade
(IP), e do peak ratio (PR), entre casos de PE (geral e de acordo com a gravidade) e
controles, foirealizado metanalise de efeitos aleatorios para cada parametro Doppler, com
subgrupos de PE geral, PE leve e grave. O desempenho do diagnostico e a
heterogeneidade foram avaliados com curvas sumarizadas de caracteristicas de
funcionamento do receptor (SROC) e regides de confianca de 95%, obtidas com modelos
bivariados.

Resultados: Dos 734 artigos identificados, 14 (1,6%) preencheram os critérios de
inclusdo, envolvendo um total de 1.425 mulheres gravidas. Oito estudos estratificaram os
resultados em PE leve e grave ou tardia e precoce. Apesar de heterogeneidade alta entre
os estudos, PR e P2 tiveram melhor desempenho diagndstico do que os outros indices,
com a AUsROC do PR de 0,885, a sensibilidade de84%, e especificidade de 92%, com
uma baixa taxa de falso-positivo de 0,08 € o P2 com AUsROC de 0,926, a sensibilidade
de 85% e especificidade de 88%. IR, IP, ¢ VDF mostraram bom desempenho e
consisténcia entre estudos, mas AUsROC mais baixos de 0,833, 0,794, e¢ 0,772,
respectivamente. O PVS foi altamente varidvel e com pouca utilidade diagnostica.
Conclusao: O Doppler da artéria oftalmica ¢ uma ferramenta complementar com bom
desempenho para diagnéstico de pré-eclampsia geral e grave, com elevada e melhor
sensibilidade e especificidade quando se utilizam os parametros PR e P2.

Palavras-chave: Doppler; ultrassom; artéria oftalmica; diagndstico; gravidez; pré-

eclampsia.



ABSTRACT

Objective: To evaluate the accuracy of different parameters of the ophthalmic artery
Doppler (OAD) in the diagnosis of preeclampsia (PE).

Methods: MEDLINE, EMBASE, Bireme, Lilacs, Web of Science, Cochrane Library,
Scopus, and the gray literature were systematically searched to identify relevant articles
related to the diagnosis of PE using OAD. Studies were eligible for inclusion if they
included pregnant women aged 18 to 45 years with singleton pregnancies without or with
risk factors for PE. Study quality was assessed with the QUADAS-2 tool. To investigate
the mean difference in OAD values, peak systolic velocity (PSV), end-diastolic velocity
(EDV), second systolic velocity peak (P2), resistance index (RI), pulsatility index (PI),
and peak ratio (PR), between PE cases (overall and according to severity) and controls,
random-effects meta-analyses were conducted for each Doppler parameter, with overall
PE, mild and severe PE subgroups. Diagnostic performance and heterogeneity were
evaluated with summary receiver-operating characteristics curves (SROC) and 95%
confidence regions, obtained with bivariate models.

Results: Of 734 articles identified, 14 (1.6%) met inclusion criteria, involving a total of
1,425 pregnant women. Eight studies stratified the results in mild and severe or late and
early PE. Despite a high heterogeneity between studies, PR and P2 had better diagnostic
performance than the other indexes, with the PR of AUsROC at 0.885, the sensitivity of
84%, and specificity of 92%, with a low false- positive rate of 0.08 and the P2 with
AUSROC of 0.926, the sensitivity of 85% and specificity of 88%. RI, PI, and EDV
showed good performance and consistency across studies, but lower AUsSROC of 0.833,
0.794, and 0.772, respectively. The PSV was highly variable and had little diagnostic
utility.

Conclusion: Ophthalmic artery Doppler is a complementary tool with good performance
for diagnosis of overall and severe preeclampsia, with high and best sensitivity and

specificity when using PR and P2 parameters.

Keywords: Doppler; ultrasound; ophthalmic artery; diagnosis; pregnancy; preeclampsia.
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1 INTRODUCAO

A pré-eclampsia (PE) ¢ uma doenca multifatorial e multissistémica, especifica da
gestacdo, classicamente diagnosticada pela presenca de hipertensdo arterial associada a
proteinuria, que se manifesta em gestantes previamente normotensas apds 20 semanas.
Atualmente considera-se PE mesmo sem proteintria, se houver disfungdo de érgao-alvo
(ROBERTS et al., 2013). O comprometimento sistémico ou disfun¢do de 6rgdo-alvo
podem ser trombocitopenia, disfun¢ao hepatica, insuficiéncia renal, edema pulmonar,
iminéncia de eclampsia ou eclampsia. Associacao de hipertensao com sinais de disfuncao
placentaria como restricdo de crescimento intra-uterino (CIUR) e/ou alteragao
dopplervelocimétrica também sao incluidos nos critérios diagndsticos (BROWN et al.,
2018).

O carater multissistémico da PE implica na possibilidade de evolugdo para situagdes de
maior gravidade como eclampsia, acidente vascular cerebral hemorragico, HELLP
Sindrome, insuficiéncia renal, edema pulmonar e morte (AMARAL et al., 2017).

A completa etiologia permanece desconhecida, impedindo atuagdo na prevencdo de
maneira efetiva. Buscar o diagnéstico da PE ¢ fundamental pois diante dele ha foco no
controle clinico para prevencdo da morbimortalidade materna e perinatal (STEVENS et
al., 2018).

H4 inconsisténcias sobre as hipdteses da placenta como origem da PE, especialmente
quando consideramos associagdo causal com histologia anormal placentaria ou
inadequado crescimento fetal. Sendo uma explicagdo alternativa a de que a disfuncdo
placentaria ¢ secundaria @ ma adaptagdo cardiovascular materna na gestagdao. Como a
gestacdo representa uma carga cardiovascular substancial para o coracdo materno, a
disfungdo cardiovascular precederia a desordem, que predomina na PE e persiste por
décadas pos-parto (KALAFAT; THILAGANATHAN, 2017). Ha evidéncias de que a
gestacdo representa um stress ao sistema cardiovascular e a mulher com ma adaptagao
teria a PE como um fenoétipo clinico. A gestacdo seria um “teste de stress” que desmascara
mulheres com pobre reserva ou disfuncdo cardiovascular (CRAICI; WAGNER;
GAROVIC, 2008).

A Classificacdo da PE ajuda na identificag@o da etiologia, da patogénese da doenca e do
prognostico. Pode ser classificada em Pré-eclampsia precoce (PEP) quando
manifestagdes clinicas ocorrem antes das 34 semanas ou em Pré-eclampsia tardia (PET)
quando apds essa idade gestacional. A PEP geralmente estd associada ao maior
comprometimento do desenvolvimento placentario e circulacdao utero-placentaria, com

possibilidade de alteracdo do doppler das artérias uterinas, fetos com crescimento
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intrauterino restrito e piores desfechos maternos e perinatais. Enquanto a PET associada

com sindrome metabolica, inflamag¢ao e comprometimento endotelial cronico. (VON
DADELSZEN; MAGEE; ROBERTS, 2003). A placentacio inadequada esta
especialmente associada a PEP. A predisposicao cardiovascular ou risco metabolico
para disfuncdo endotelial como parte de exagerada resposta inflamatéria sistémica
parece dominar a origem da PET. Devido a patogénese multifatorial dos diferentes tipos
de Pré-eclampsia ndo estar elucidada completamente, prevencdo e predi¢do ainda ndo
sdo possiveis e 0 manejo da clinica deve ser direcionada para prevenir morbimortalidade
materna e neonatal (STEEGERS et al., 2010).

Pode ser também classificada de acordo com sinais ou ndo de gravidade baseado na

deteriorizagao clinica e/ou laboratorial (BROWN et al., 2018).
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Uma revisdo sistematica sobre dados disponibilizados entre 2002 e 2010 mostra
incidéncia de 1,3-4,2% para PE, sendo que as taxas mais elevadas sdo identificadas em
regides de menor desenvolvimento econdmico. Embora a incidéncia de PE seja baixa,
no Brasil ela representa até 40% dos casos de gestantes assistidas em centros terciarios
(PERACOLI et al., 2020).

De acordo com a Organizagdo Mundial de Satide (OMS), os distirbios hipertensivos da
gestacdo constituem importante causa de morbidade grave, mortalidade materna e
perinatal e incapacidade a longo prazo. Em todo o mundo, 10-15% da mortalidade
materna (MM) direta estd associada a PE sendo 99% dessas mortes ocorrendo em paises
de baixa-média renda (WORLD HEALTHORGANIZATION, 2011).

As causas indiretas e dentre as diretas, as hemorragicas sdo as causas mais frequentes de
MM globais. Das causas diretas, depois da hemorragia vem as desordens hipertensivas e
sepse. As estimativas regionais variam substancialmente, sendo a populagdo latina
americana e caribenha as regides com maior taxa de MM relacionadas a desordens
hipertensivas em relagdo as hemorragicas (SAY etal., 2014).

Globalmente a MM diminuiu em mais ou menos 1/3 de 2000-2017, no entanto, todo dia
aproximadamente 810 mulheres morrem de causas preveniveis relacionadas a gestacao e
nascimento. A pandemia da COVID-19 veio agravando esse cenario devido interrupgdes
nos servigos de saude colocando o mundo longe de atingir o objetivo do desenvolvimento
do milénio de reduzir a MM até 2030 para menos de 70/100.000 nascidos vivos (ultimas
estimativas eram de 211). A OMS entende que para resolver a situacdo todas as
mulheres devem ter acesso ao planejamento familiar, a um sistema de saude de qualidade
na gestacdo e parto, com profissionais especializados, o tempo de manejo e tratamento
devem ser adequados,ou seja, a PE deve ser detectada e tratada antes do inicio de suas
complicagdes. Cuidado especializado durante e apds o parto pode salvar vidas.
(WORLD HEALTH ORGANIZATION, 2021).

Estudo nos Estados Unidos em 2012, estimou o custo e quantificou o fardo do cuidado a
saude para mdes e recém-nascidos complicados pela PE. Essa doenga aumentou a
probabilidade de um resultado adverso para as maes de 4,6% para 10,1% e para os
neonatos de 7,8% para 15,4%. O custo com a PE foi de $2.18 bilhdes dentro dos
primeiros 12 meses do nascimento. Esses custos sdo conservadores ndo considerando
outros gastos indiretos de consequéncias da doenga, sendo realmente considerada
financeiramente uma carga para a sociedade (STEVENS et al., 2018).

Dados secundarios do estudo SCOPE estimou a média de custo por caso de PE, que foi

de €5243 versus €2452 para pacientes controle, sendo que o cuidado pos-parto, com
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complicagdes na Unidade de terapia intensiva, o maior contribuinte para esta oneragao

(FOX et al., 2017).

Além de risco de morbimortalidade perinatal materna e fetal, near miss materno e
neonatal, oneragdo financeira para a satude, as pré-eclampticas possuem risco aumentado
a longo prazo para eventos cardiovasculares e cerebrovasculares se comparadas as
normotensas. Em uma metanalise de Brown et al. de 2013, as gestantes com PE tiveram
aumento significativo de morte ou doenga cardiovascular, doenga cerebrovascular e
hipertensao na vida pos-natal. O screening no pré-natal favorece o screening no pds-natal
para que essas mulheres se beneficiem do monitoramento dessas doengas associadas
(BROWN et al., 2013).

O risco de hipertensdo associada a desordens hipertensivas da gestagdo estd aumentado
de3-10 vezes apds 1 a 10 anos do parto e 2 vezes ap6s 20 anos do parto se comparadas
as normotensas. A identificacdo precoce e em tempo para tratamento da hipertensdo

€m
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gestantes com desordens hipertensivas pode reduzir o fardo de doengas cardiovasculares
futuras (BEHRENS et al., 2017).

Diante da necessidade de melhorar o indicador de saude materna global, aumentar
recursos para a saude perdidos com complicagdes relacionadas a PE e diminuir riscos de
doencgas futuras maternas e infantis, ha interesse em aumentar os meios alternativos e
ferramentas complementares para o diagnostico dessa doenga. O Doppler da artéria
oftalmica (DAO) ¢ uma ferramenta estudada como auxiliar no diagnostico da PE, ja que
sua patogénese nao se limita ao leito placentario, mas se amplia as adaptagdes
cardiovasculares e endoteliais na gestacio (KALAFAT; THILAGANATHAN, 2017).
Como observado primeiramente por Hata et al em 1995, o fluxo da artéria oftdlmica
pode identificar alteragcdes na circulagdo cerebral de gestantes com PE (HATA et al,,
1995). O auxilio desse exame ultrassonografico pode ter relevancia se usado no
ambiente hospitalar para diagnosticar pacientes com PE onde had urgéncia na
informagdo, com intuito de otimizar esse atendimento para um tratamento precoce. O
objetivo desse estudo relevante ¢ buscar evidéncias para tomada de decisdo sobre um
teste diagnostico. Avaliaremos por meio de revisao sistematica e metanalise a acuracia

diagnostica do Doppler da artéria oftalmica na Pré-eclampsia.

2 FUNDAMENTACAO TEORICA
2.1 A DIFICULDADE DIAGNOSTICA DA PRE-ECLAMPSIA

A dificuldade diagnostica da PE j4 comega com sua definigdo. Os critérios para
diagnostico envolvem itens tradicionais e itens mais amplos que incluiram disfungao de
orgao-alvo. Apesar dessa mudanga ser aceita pela Sociedade de estudos de hipertensao
na gestacao (ISSHP) e pelo Colégio Americano de Ginecologia e Obstetricia (ACOG),
ainda ha controvérsias a respeito da implementagdo de defini¢des mais amplas e o mais
apropriado conceito de disfuncdo de o6rgios-alvo (REDDY et al., 2021). Os critérios
adotados pela ISSHP 2001, ISSHP 2018 e ACOG 2018, que consideram hipertensdo
mas diferem em relagdo a proteindria, disfungdo de orgdo-alvo e CIUR, foram
comparados nesse estudo de Reddy et al, 2021. Este concluiu que as definicdes mais
amplas resultam em aumento da incidéncia de diagnostico, mas permaneceu incerto se
isso resultaria em melhora de resultados, uma vez que aumentou diagnostico da forma

leve da doenga.
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Outra questao seria quanto ao valor de PA considerado anormal na gesta¢ao, uma vez que

o Colégio Americano de Cardiologia endossou diminui¢do do limiar de PA no seu
guideline para pacientes ndo-gravidas. Outro estudo de Reddy et al. em 2020, examinou
associagdo entre limiar mais baixo de PA com resultados adversos na gesta¢do. Concluiu-
se que a PE e resultado adverso ndo ¢ exclusivo para casos com PA acima de
140x90mmHg. Nos grupos comparados pacientes com PAM maior que 90-100 tiveram
maior risco de PE (5-8%) e resultados adversos em relagdo ao grupo de normotensas que
foi de 1-2%. As perihipertensivas subdiagnosticadas se beneficiariam com o
monitoramento proximo para diminuir sua morbimortalidade por complicagdes, sendo
que mais pesquisas devem ser realizadas para verificar se a diminui¢ao desse limiar da
PAM para 85-95 resultaria mesmo em mais detecgdo de casos e melhores resultados
(REDDY et al., 2020).

Outra barreira diagnostica esta nos testes que verificam presenca ou ndo de proteinuria.
Os testes usados para avaliar sdo proteinuria de 24hs, razao proteina/creatinina urindria e

proteina de fita. Esta ultima ¢ mais usada por ser mais conveniente, barato e rapido, sendo
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mais viavel em paises subdesenvolvidos. A detec¢ao acurada da fita proteinuria permite
diagnosticar, classificar e dar prognostico, influenciando no manejo clinico. Porém esse
teste tem pouca sensibilidade e especificidade, tendo a necessidade da confirmagdo por
outros meios em todas as gestantes hipertensas, sendo motivo de demora no inicio da
tratativa (PHELAN et al., 2004).

E importante para os clinicos terem acuracia diagnostica para condicdes hipertensivas na
gestacdo para inicio de tratamento mais precoce para prevenir resultados adversos. Na
maioria dos casos, hipertensdo com proteinuria sdo observados, entretanto, estudos
recentes mostram mulheres desenvolvendo PE sem proteintria ou sem mostrar nenhum
sintoma classico, resultando em atraso diagnostico (NIKOLOV, 2019).

Estudo em regido de alta prevaléncia de PE na India em 2017, indicou 3 modelos de
atrasos associados com a MM. Sendo a ndo procura pelo atendimento tido como maior
contribuidor (48,6%), seguido pela pouca facilidade de alcancgar o primeiro nivel de saude
com 33,8% e em terceiro o recebimento inadequado do cuidado necessario a gestante. O
primeiro atraso ocorre por subestimar a gravidade dos sintomas, ndo reconhecimento de
sinais de alerta, cultura e pouco poder de decisdo. Portanto, para prevenir MM nos paises
de alta prevaléncia, deve-se atentar para o aumento da funcionalidade da rede de
referéncia expandindo orientacdes sobre complicagdes e possibilidades diagnosticas,
aumentando a habilidade dos servicos e sua qualidade (SK et al., 2019).

A MM esta aglomerada entre o terceiro trimestre, TP, parto e periodo pds-natal imediato,
sendo que uma propor¢do substancial ocorre em ambiente hospitalar, por contribui¢do
principal o atraso no reconhecimento e tratamento de complicagdes gestacionais
(ROSMANS; GRAHAM, 2007).

Diante dessas dificuldades para o diagnostico precoce da PE torna-se imperativo a
orientagdo para consciéncia das mulheres dos sinais de alerta para complicagdes da
doenca e novas ferramentas diagnosticas para complementar os critérios cldssicos e

possibilitar a tratativa mais agil e qualificada dessas pacientes.

2.2 COMPLICACOES POSSIVEIS EM DECORRENCIA DA AUSENCIA DE
DIAGNOSTICO

As complicagdes do atraso do diagnostico da PE vao desde consequéncias na gestagao
com prejuizo para a saude materna e fetal, quanto por sequelas dessas ocorréncias nao

evitadas para a puérpera e neonato. Eventos neuroldgicos como hemorragia intracraniana
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e eclampsia, sdo um dos mais frequentes motivos pelos quais a PE mata e quando nao

causa morte leva a morbidades devido as sequelas desses eventos (MACKAY, 2001;
RAZMARA et al., 2014).

H4 casos de PE sem proteintria que sdo confundidos com hipertensdao gestacional, e a
falta do diagndstico quando diante de quadro de PE ¢ a probabilidade de mais casos de
hipertensdo grave, parto prematuro e CIUR. A PE sem proteintiria deve ser considerada
como potencial risco materno e fetal (HOMER et al., 2008).

A maioria das mortes maternas ou deficiéncias permanentes em pacientes com PE
ocorrem devido complicagdes cerebrais como a hemorragia intracerebral. O nivel da PA
na qual ocorre autoregulacao cerebral ¢ desconhecida e variavel. Na observagao clinica,
a Eclampsia pode ocorrer a partir de uma PE sem sinais de gravidade ou mesmo antes de

acontecer hipertensdo ou proteinuria. Portanto ndo ha sinais ou sintomas para predizer o
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desenvolvimento de eclampsia em mulheres com desordens hipertensivas na gestagao
(ZEEMAN, 2009).

A PA, proteinuria e parametros laboratoriais sdo inadequados para avaliar risco de
resultados adversos na PE e exames como o DAO pode dar informagao relevante sobre a
circulagdo cerebral (BARBOSA et al., 2010).

A discriminag@o de paciente com menos risco de complicagdo cerebral permite o manejo
conservador na PE, evita efeitos colaterais de medicacdes, intervencdes desnecessarias,
custos, assim como identifica as de alto risco, podendo ser a melhor estratégia para
diminui¢do da MM e neonatal globalmente (DE OLIVEIRA et al., 2013).

Porto et al., em 2017, demonstraram que a perfusdo placentaria inadequada, disfuncao
endotelial sistémica e hiperperfusdo do SNC precede manifestacdes clinicas da PE em
pacientes de alto risco para desenvolverem a forma precoce da doenca e que esse
hiperfluxo central secundério ao dano epitelial e a0 aumento da PA pode ser demonstrado
pelo DAO (PORTO et al., 2017).

As manifestagdes ndo-classicas da PE devem ser levadas em consideragao e por isso
meios diagnodsticos complementares com novas abordagens devem ser estudados e

considerados.

2.3 A APLICABILIDADE DA DOPPLERVELOCIMETRIA DA ARTERIA
OFTALMICA NA PRE-ECLAMPSIA

O campo de estudo da Dopplervelocimetria colorida dos vasos orbitais ndo ficou restrito
a oftalmologia, sendo que vérios autores iniciaram seus estudos em gestantes portadoras
de PE.

Existem varias formas de quantificar o fluxo no interior dos vasos arteriais. Os indices
analisados diante da onda de fluxo espectral dicrotica do DAO mais usados sao IR, IP,
PVS, EDV, P2 ¢ PR (P2/PVY).

Desde 1992, Hata et al., publicam sobre a artéria oftalmica na gestagdo complicada por
PE. Entre grupos de ndo gestantes normotensas, gestantes normotensas € gestantes com
PE, detectou-se aumento médio nos indices PVS e VDF e diminui¢do do IP no grupo
de PE. Demonstrou-se que a técnica poderia ser util no acesso da dindmica da circulagdo
periférica e monitorizacao dos efeitos da terapia de pacientes com PE (HATA et al.,
1992). Desde entdo outros autores finalizaram estudos demonstrando a aplicabilidade do
DAO na PE. Hata et al., em 1995, compararam o IP de gestantes normais € com PE

apdés 32 semanas econcluiu que ha diminui¢ao da resisténcia vascular na PE leve e
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aumento da resisténciavascular com o avangar da doenga grave (HATA et al., 1995). Em

1997, também mostraram que o IP da AO encontrava-se diminuido nas pacientes com
PE como consequéncia avasodilatacao vascular orbital

indicando sua hiperperfusio  (HATA; HATA;
MORITAKE, 1997).
Belfort et al, em 1999, comparando IR de gestantes sem e com PE demonstram que o IR
¢ mais baixo a medida que a PAM aumenta (BELFORT et al., 1999).
Takata em 2002, introduziram novo indice, o PR, mostrando que este era o mais
sensivel em detectar diferenca na circulacao orbital em mulheres com PE, sendo ele
dependente da hipertensdo, mais aumentado na PE grave se comparado com a PE leve
(TAKATA, 2002).
Diniz em 2008, mostrou no seu estudo que comparou fluxo orbital na PE leve e grave
com gestantes controle, que o0 DAO pode ser um novo parametro util no diagndstico da

PE grave. Ha redugdo da resisténcia vascular orbital com hiperperfusdo orbital na PE
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grave em relacdo a PE leve e as normotensas. Os indices PR, PVS e VDF na PE grave
estavam aumentados quando comparados aos grupos da PE leve e controle (DINIZ et al.,
2008).

Barbosa et al., em 2010, publicam que PE grave com um IR menor que 0,56 estava
associada com evidéncia clinica de PRES.

Para diferenciar o DAO de gestantes com PE e as com HAC, Oliveira et al., em 2013
compararam os indices da AO em mulheres com desordens hipertensivas e
normotensas. Mostraram que o DAO mostra hiperperfusao central em PE grave e que o
PR ¢ o indice quemelhor discrimina pacientes com PE leve de hipertensas cronicas (DE
OLIVEIRA et al.,2013).

Olantuji et al., 2015, concluiram que o DAO pode ser usado para monitorar pacientes
com PE para que seja detectado precocemente a progressdo para formas graves e que o
DAO deve ser incorporado na avaliagdo rotineira de mulheres no pré-natal
especialmente as com fatores de risco. Ha a necessidade do uso de cut offs para
identificar aquelas PE sob risco de desenvolver complicagdes cerebrais para diminuir
MM, grande desafio em paisessubdesenvolvidos. Nesse estudo o cut off do IR de 0,60
sugere progressao para PE gravee o PR de 0,72 detecta PE (OLATUNII et al., 2015).
Chaves et al, em 2017, identificaram pacientes com risco aumentado de resultados
maternosadversos e gestacdes de alto risco para parto prematuro e fetos pequenos, quando
PR fossemaior ou igual a 0,99 em mulheres com PE. A identifica¢do desses marcadores
associados com a morbimortalidade materna e perinatal ¢ um desafio na PE. Sua
identificagdo permite melhorar o tempo para parto antes do desenvolvimento das
sequelas (CHAVES et al., 2017).

Outro indice do DAO que se destaca € o P2, e seu aumento foi associado a PEP, podendo
ser usado para diferenciar comportamento vascular da PEP e da PET (AIRES
RODRIGUES DE FREITAS et al., 2018).

Na predicao da PE, Kalafat et al., em 2017, mostraram que o PVS seria o indice mais
acurado para predizer PEP se medida no 1° e 2° trimestres com cut off de 23,3cm/s
(KALAFAT et al., 2018).

Tese de dissertagao de 2020 de Menéses et al., com amostra significativa de 266 pacientes
mostraram que o DAO ¢ uma ferramenta diagnostica acurada e util, mostrando que o PR
de 0,70 e P2 de 21,5cm/s associados tém a melhor performance diagnostica e a melhor
especificidade (99,2%) para detecgio de PE foi com cut off de PR de 0,75 (MENESES,
2020).

O DAO além de poder ser aplicado na predi¢do, diagnostico, diferenciacao das desordens



24
hipertensivas, contribui para diagndstico precoce de resultados adversos maternos

possiveis da PE. O IR com cut off de 0,72 aumentou taxa de detec¢ao de eventos adversos
maternos, que ajuda no manejo de casos complicados para precaugdes necessarias
(OZDEMIR et al., 2020).

Agregado a seu papel importante como exame complementar necessario nas diferentes
fases da evolucdo da PE, o DAO ¢ considerado exame tecnicamente simples, acessivel,
rapido, reprodutivel, seguro, ndo invasivo, bem toletado, que acessa os efeitos cerebrais
da PE. Dado as similaridades embrioldgicas, anatdmicas e funcionais entre a AO e os
vasos intracraniais, o DAO reflete diretamente a hemodinamica cerebrovascular

(BELFORT; SAADE, 1993; DE OLIVEIRA et al., 2012)



3 OBJETIVO
Avaliar a acuracia dos diferentes parametros do Doppler da artéria oftdlmica para

diagnostico de Pré-eclampsia.
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ABSTRACT

Objective: To evaluate the accuracy of different parameters of the ophthalmic artery
Doppler (OAD) in the diagnosis of preeclampsia (PE).

Methods: MEDLINE, EMBASE, Bireme, Lilacs, Web of Science, Cochrane Library,
Scopus, and the gray literature were systematically searched to identify relevant articles
related to the diagnosis of PE using OAD. Studies were eligible for inclusion if they
included pregnant women aged 18 to 45 years with singleton pregnancies without or with
risk factors for PE. Study quality was assessed with the QUADAS-2 tool. To investigate
the mean difference in OAD values, peak systolic velocity (PSV), end-diastolic velocity
(EDV), second systolic velocity peak (P2), resistance index (RI), pulsatility index (PI),
and peak ratio (PR), between PE cases (overall and according to severity) and controls,
random-effects meta-analyses were conducted for each Doppler parameter, with overall
PE, mild and severe PE subgroups. Diagnostic performance and heterogeneity were
evaluated with summary receiver-operating characteristics curves (SROC) and 95%
confidence regions, obtained with bivariate models.

Results: Of 734 articles identified, 14 (1.6%) met inclusion criteria, involving a total of
1,425 pregnant women. Eight studies stratified the results in mild and severe or late and
early PE. PR and P2 had better diagnostic performance than the other indexes, with the
PR of AUSROC at 0.885, the sensitivity of 84%, and specificity of 92%, with a low false-
positive rate of 0.08 and the P2 with AUsSROC of 0.926, the sensitivity of 85% and
specificity of 88%. RI, PI, and EDV showed good performance and consistency across
studies, but lower AUSROC of 0.833, 0.794, and 0.772, respectively. The PSV was highly
variable and had little diagnostic utility.

Conclusion: Ophthalmic artery Doppler is a complementary tool with good performance
for diagnosis of overall and severe preeclampsia, with high and best sensitivity and

specificity when using PR and P2 parameters.
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INTRODUCTION

Preeclampsia (PE) is a multisystemic and multifactorial syndrome with multiple
phenotypes.! A systematic review on global data available between 2002 and 2010
showed that the incidence of PE ranged from 1.2 to 4.2% and of eclampsia from 0.1 to
2.7%, with the highest rates being in regions with lower socioeconomic development.??

The challenge of diagnosing PE begins with its definition. Traditionally, PE is
defined as hypertension in pregnancy after 20 weeks associated with proteinuria.
Currently, proteinuria is not a requirement if there are other maternal-fetal end-organ
dysfunctions. Generally pregnant women are classified according to ISSHP (International
Society for the Study of Hypertension in Pregnancy) and ACOG (American College of
Obstetricians and Gynecologists) 2018. *3 There is disagreement in these guidelines
regarding the most appropriate definition for end-organ dysfunction or inclusion of
uteroplacental insufficiency, a fact that changes the diagnostic incidence of the disease. ¢
In addition to underdiagnosed cases of PE using the current reference threshold of
140/90mmHg’, in some cases concomitant diseases or non-classical clinical pictures may
confound the diagnosis of PE if the gold standard criteria are used.

The ophthalmic artery Doppler (OAD) is a tool that has been studied as an aid
in the diagnosis of PE, since its pathogenesis is not limited to the placental bed, but
extends to cardiovascular and endothelial adaptations during pregnancy.® Several studies
have described changes in the velocity wave pattern of the ophthalmic artery in women
with PE, both prenatally and in the postpartum, with signs of decreased impedance and
orbital hyperperfusion, represented by high values of peak ratio (PR), the second peak of
systolic velocity (P2) and decreased resistance index (RI) and pulsatility index (PI).>-!°

However, there is no consensus in the literature about what is the best diagnostic
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parameter of OAD in pregnant women with PE. The aid of this ultrasound examination
may be relevant if used in the hospital environment to diagnose patients with PE where
this information is urgently needed, to optimize care and facilitate early treatment,
especially in severe cases. The present systematic review and meta-analysis aimed to
investigate the accuracy of different parameters of the ophthalmic artery Doppler in the

diagnosis of PE.

METHODS

Protocol and registration

This meta-analysis adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines. 2° The protocol was prospectively
registered with PROSPERO (International Prospective Register of Systematic Reviews),

registration CRD42019134115.

Information sources and search techniques

In the period between July of 1995 to January of 2022, we used a systematic
search of articles regarding the use of OAD in women with suspected or confirmed
diagnosis of PE published in MEDLINE/PubMed, EMBASE, Bireme, Lilacs, Scopus,
Web of Science, Cochrane library, as well as gray literature (Google scholar, Medxriv
and Open Grey), without restriction as to language or time. We used combinations of
Medical Subject Headings terms in the databases, searching by title and abstract, without
adopting methodological filters to avoid missing relevant articles.?! The descriptors

adopted in each database are listed in Supplement 1.
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Search strategy and study selection

The search strategy was broad and studies related to the research question were
exported to the Rayyan 22 platform, an application that assists in article selection. Two
researchers (PVM and ALDD) independently and blindly screened the articles by titles
and abstracts, also resolving duplicates. We adopted the following inclusion criteria:
studies until January 2022 that included pregnant women aged 18-45 years, with singleton
pregnancies without or with risk factors for PE, with a diagnosis of PE at the time of
OAD, with or without a history of smoking, with OAD data in one or two eyes. Exclusion
criteria were duplicate articles in the databases, case reports, reviews, editorials, and case
series with a small number of cases, systematic reviews, meta-analyses, as well as studies
of pregnant women with reported previous eye diseases, significant heart disease, or

internal carotid artery disease.

Data extraction

All data included in this review were derived from tables or main text and the data
were extracted from each study and checked by two authors independently (PVM and
ALDD) to reduce the risk of error in data collection. For each study, the following
variables were extracted: first author’s name, year of publication, the title of manuscript,
outcomes, total sample size, number of events, study type, and for each OAD parameter
test, peak systolic velocity (PSV), end-diastolic velocity (EDV), second systolic velocity
peak (P2), resistance index (RI), pulsatility index (PI) and peak ratio (PR), the false
positive, false negative, sensitivity, specificity, positive predictive value (PPV), negative

predictive value (NPV) and area under the curve (AUROC), all with the respective 95%
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confidence intervals (CI). The reported threshold for diagnosis for the index test was also
collected. The database of two of the studies (Freitas 2018 and Diniz 2008) were needed

and obtained by contacting the authors.

Quality assessment of studies

Risk of bias and quality assessment were undertaken for all included studies based
on Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2)?3, a diagnostic
performance study assessment tool, by two authors independently (PVM, ALDD).
QUADAS-2 evaluates studies within four key domains in risk of bias and applicability
concerns: patient selection, index test, reference standard, and flow of patients through
the study. Each study in the review was graded as having either a low, high, or unclear

risk of bias for each domain.

Statistical analysis

To investigate the mean differences of the various ophthalmic artery Doppler
parameters between PE cases and pregnancies without complications during the prenatal
(normal group), we carried out meta-analyses using random-effects models with
DerSimonian and Laird method for estimation of the inverse variance.

Subgroup meta-analyses were conducted for mild/late-onset and severe/early-
onset preeclampsia when subgroup estimates were available. Statistical heterogeneity
was evaluated with 12 statistic.?*

We then performed a univariate analysis of sensitivities and specificities, followed

by assessment of the diagnostic performance and heterogeneity with summary receiver-
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operating characteristics (SROC) curves, obtained by fitting bivariate models to the data
to estimate the summary sensitivity and specificity along with 95% confidence regions.?
In the absence of covariates, these models are equivalent to hierarchical (HSROC)
models.?® Due to the inclusion of fewer than ten studies in each separate analysis of
different Doppler parameters and the diagnostic accuracy nature of the studies,
assessment of publication bias was not possible. Statistical analyses were conducted with

the mada?’ and metaphor 2® packages in the statistical environment R.%°

RESULTS

Study selection and data extraction

Of the initially identified 734 articles, 426 were duplicates and 253 were excluded
by title and abstract. Conflicts of selection were resolved by consensus of the two
researchers, with a 16.7% rate of disagreement. There were 55 articles left for eligibility
evaluation by full-text review, of which 41 were excluded by the following conditions:
not meeting the inclusion criteria (n=14), prediction studies (n=10), an outcome not
related to the question (n=17). Fourteen studies were included for qualitative and
quantitative synthesis, totaling 1,425 patients (Figure 1). Regarding the acquisition of the
OAD parameters, there was divergence in the evaluation: five studies analyzed the
average of the indexes between the two eyes, eight studies only one eye, and one did not

provide information on this technical aspect.
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Study Characteristics and Risk of Bias

The characteristics of the eligible studies are summarized in Table 1 and the risk
of bias assessment in Figure 2. Five studies had uncertain risks in the patient selection
and flow and timing domains. !!3031:3233 The study by Madina et al.!¢ scored low and risk
of bias in the assessment of applicability concerns involving the index and standard tests,
as it did not specify how pregnant women were allocated or the parameters used to define

preeclampsia in the methodology.

Meta-analysis

Of 14 studies, eight stratified PE into mild, severe, late, or early, grouped into
mild/late PE or severe/early PE groups. There were significant differences in mean values
of the PR, P2, RI, PI, and EDV parameters in overall, mild and severe PE cases between
the studies. The summary of the mean difference, sensitivity/specificity, and sROC

analyses of the OAD parameters for overall, mild and severe PE are shown in Table 2.

Peak Ratio (PR)

In the overall PE group, there was a significant increase in PR with women
without PE. This parameter was compared among cases and controls in three studies and
the mean difference was 0.24 (95% CI 0.15; 0.34). There was high heterogeneity, 12 =
90% (199 events), with cut-offs established by the primary studies of 0.75'2, 0.81'3, and

0.833% (Supplement 2). In the mild PE group there were four studies with mean difference



34

0f 0.21 (95% C10.11; 0.30), 12 = 92% (98 events) with cut-offs of 0.6532, 0.70'!, 0.7133,
0.81'* and in severe PE group with four studies the mean difference was 0.35 (95% CI
0.16; 0.38), 12 = 0% (90 events) with cut-offs of 0.81'!, 0.84'4, 0.853, 0.89°2 (Supplement
3). In six studies, sensitivity and specificity analysis showed that PR was one of the best
performing indexes with a sensitivity of 0.855 (95% CI 0.767; 0.913) and E of 0.920
(95% CI 0.0778;0.974), with a low false-positive rate of 0.08 (Supplement 4). The

summarized ROC curve for PR was 0.885 in six studies analyzed (Figure 3).

Second systolic velocity peak (P2)

In the overall PE group there was a significant increase of P2 in relation to women
without PE. In four studies the analysis of the overall PE group demonstrated mean
difference was 9.68, CI (95% CI 4.92; 14.4), 12 = 89% (241 events) with cut-offs
established by the primary studies of 23.99 cm/s '3, 30.44 cm/s '3, 33.90 cm/s *°, 35.00
cm/s '2 (Supplement 5). In the mild PE group with two studies, the mean difference was
3.62 (95% CI1 0.93; 6.31), 12 = 0% (47 events) with cut-offs established by the primary
studies of 22.30 c¢cm/s** and 22.62 cm/s'> (Supplement 6). In the severe PE group,
analyzing two studies the mean difference was 4.26 (95% CI 0.39; 8.14), 12 = 0% (31
events), with cut-offs of 8.09 cm/s'> and 14.20 cm/s*} (Supplements 6). In four studies,
P2 has sensitivity of 0.857 (95% C1 0.718; 0.934) and specificity of 0.880 (95% CI 0.718;

0.927) (Supplement 7) and the AUC 0.926 (Figure 3).
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Resistance index (RI) and Pulsatility index (PI)

The PI and RI parameters showed good performance and consistency between
studies but had lower accuracy than PR and P2. The PI and RI were lower in the PE group.
In seven studies evaluated, the mean RI difference for overall PE was -0.07 (95%
CI -0.09; -0.04), 12 = 81% with cut-offs established by the primary studies of 0.62'3,
0.64', 0.66'>!70.67'8, 0.68'33%(Supplement 8). In the mild PE group there were seven
studies with mean difference of -0.02 (95% CI -0.14; 0.09), 12 = 99% with cut-offs of
0.63%!,0.641%,0.66'3, 0.73°>33,0.77"1, 0.97'° (Supplement 9). In a severe PE group with
seven studies, the mean difference was -0.12 (95% CI -0.14; -0.09), 12 = 61% with cut-
offs of 0.59%, 0.633%33, 0.64'4, 0.653!, 0.70'! (Supplement 9). In seven studies, the
sensitivity was 0.765 (95% CI 0.692; 0.826) (Supplement 10), the pooled specificity was
0.793 (95% CI 0.724; 0.848) and the AUC 0,833 (Figure 3).

In four studies evaluated, the mean PI difference between overall PE and controls
was -0.48 (95% CI -0.59; -0.37), 12 36% with cut-offs established by the primary studies
of 1.17%5,1.28'2, 1.29%, 1.30'3 (Supplement 11). In the mild PE group there were seven
studies with mean difference of -0.62 (95% CI -0.88; -0.37), 12 = 95% with cut offs of
0.91'%, 1.241,1.47%,1.61%*, 1.62%, 1.6332, 1.66!' (Supplement 12). In a severe PE group
with six studies, the mean difference was -0.87 (95% CI -1.20; -0.55), 12 = 94% with cut
offs of 1.00', 1.02'3, 1.1334,1.14%3, 1.17°4, 1.61'! (Supplement 12). In five studies, the
pooled sensitivity was 0.768 (95% CI 0.658; 0.851), specificity was 0.813 (95% CI1 0.692;

0.894) (Supplement 13) and the AUC 0.794 (Figure 3).
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Peak systolic velocity (PSV) and end-diastolic velocity (EDV)

The PSV and EDV parameters showed variable results. PVS showed low accuracy
and EDV demonstrated higher velocities in PE group and good accuracy. The mean PSV
difference for overall PE (four studies) was 1.71 (95% CI -2.88; 6.29), 12 = 76% with cut-
offs of 28.96'3, 37.60'3, 40.35%°, 47.00'? cm/s. In the mild PE group (four studies) the
mean difference of -0.36 (95% CI -3.32; 2.60), 12 = 48% with cut-offs of 28.44'3, 30.60°2,
34.35'4 48.30'"" cm/s. In women with severe PE (four studies), the mean difference was
1.51 (95% CI -3.67; 6.69), 12 = 79% with cut-offs of 27.801°, 30.00%2, 41.021%,
48.30'"'cm/s (Supplement 14). Among three studies, the pooled sensitivity was 0.551
(95% CI 0.376; 0.715), the specificity was 0.515 (95% CI 0.366; 0.662) (Supplement 15)
and the AUC 0.556 (Figure 3).

The mean EDV difference for overall PE (four studies) was 3.09 (95% CI -1.13;
5.05), 12 = 84% with cut-offs of 9.90°, 7,45'3, 7.90'5, 9.20'>cm/s. In the mild PE group
there (four studies), the mean difference was 2.37 (95% CI 0.62; 4.12), 12 = 76% with
cut-offs of 8.20°3, 9.5115, 11.92'4, 12.90!! cm/s. In the severe PE group (four studies) the
mean difference was 4.47 (95% CI 1.27; 7.66), 12 = 88% with cut offs of 10.31'5, 10.8033,
13.70'!, 16.07'* cm/s (Supplement 16). In four studies, the pooled sensitivity was 0.773
(95% CI 0.653; 0.861), the specificity was 0.675 (95% CI1 0.560; 0.771) (Supplement 17)

and the AUC 0.772 (Figure 3).
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DISCUSSION

Main findings

The analysis of the DAO performance for the identification of PE cases was the
focus of the current study. Five DAO parameters (PR, P2, IP, IR, EDV) demonstrate good
diagnostic accuracy, however, PR and P2 stood out with higher sensitivity (0.855 and
0.857, respectively) and specificity (0.922 and 0.880, respectively). Therefore, PR and
P2 are the best parameters and can be used as a complementary tool in the diagnosis of
PE, as well as in the detection of severe forms of PE, with more severe disease associated
with larger differences between affected women and controls.

To our knowledge, this is the first systematic review with a meta-analysis
conducted to test the diagnostic performance of OAD, including a total of 1,425 patients.
The study involved pregnant women who were mainly in their late second and early third
trimesters. The gestational age diversity does not become problematic, since the literature
confirms that there are no changes in OAD indices as gestation advances.?>-3¢

Regarding OAD as a diagnostic test, previous studies described that it has high
intra-observer repeatability and interobserver reproducibility. 378 Most studies described
similar techniques used to perform the OAD, except for the study of Hata et al.>*, in which
the OAD was evaluated with the pregnant women positioned in left lateral decubitus.

Concerning the studies included in this meta-analysis, it is noteworthy that there
was representation from four continents, with seven Brazilian studies, two conducted in
Turkey, one in Nigeria, one in the United States, two in Japan, and one in Pakistan,
including diverse populations, minimizing the risk of a possible population bias, and
increasing the generalizability of the findings. The population of most of the primary

studies had no risk factors for preeclampsia, as patients without previous endothelial
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damage and who did not use prophylaxis for the disease in the first trimester were
included.

One of the strengths of this study was the broad search strategy that explored
several databases, also including data from the gray literature, in an attempt to minimize
publication bias. In addition, the number of preeclampsia cases included in the analysis
of the parameters was enough to address the question about the accuracy of the method.
We also emphasize the low heterogeneity detected in the subgroup analysis of the PR and
P2 parameters (12 = 0%) in the identification of severe forms of PE, as well as the narrow
confidence interval of the PR to severe forms of PE, which reduces the chance of
downgrading the evidence detected even though we are facing meta-analysis of mostly
cross-sectional studies. These findings of the severe PE form open an interesting window
of opportunity regarding the implementation of multivariate models such as FULL-
PIERS (Pre-eclampsia Integrated Estimate of Risk), which employ several maternal
clinical and laboratory data to identify the risk of maternal adverse outcomes in cases of
severe PE. ¥ It is important to be aware that in the FULL-PIERS model there is no
parameter that addresses central nervous system changes as a diagnostic strategy for

impending eclampsia.

Limitations

The criteria adopted by the authors of the articles included defining PE in the
population studied as a variable which probably influenced the heterogeneity of the
results and the comparison between the means of the parameters. The same heterogeneity
was not evident when comparing mild and severe forms of PE to uncomplicated

pregnancies. The criteria used to define the mild and severe PE forms were similar and
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probably this influenced positively with low inconsistency rates when analyzing the
comparison of the PR and P2 between the groups of severe PE and healthy women.
Considering the acquisition of Doppler parameters, there was a divergence of the OAD
evaluation; we identified five studies that analyzed the mean of the indexes between the
two eyes of pregnant women, eight studies of only one eye, and one study that did not
report this data. We believed that future studies with longitudinal designs and with
Doppler evaluation of both eyes and homogeneous disease definitions are necessary to
better estimate the role of the OAD in the prediction and diagnosis of PE, particularly in
low-resource settings where this relatively simple procedure may be applicable as a point
of care test. Overall, the high heterogeneity for all PE can be explained because studies
included different proportions of mild and severe cases and for smaller confidence
intervals and greater statistical power. A cut off should also be found, since in this

metanalysis of aggregated data it was not possible.

Interpretation and Clinical implications

The diagnosis of PE has been undergoing adaptations over the years, based on a
better understanding of its complexity and a broad spectrum of clinical presentation, all
to improve the old simplistic definitions of the disease. *#%4! The centralization of its
pathogenesis in the placental region has been contrasted by the concept that
cardiovascular and endothelial dysfunctions also participate and contribute to the
development of hypertensive disorders during pregnancy. #* In addition, there are cases
in which diagnosis is difficult because the signs and symptoms do not fit the classical
concepts described so far. 4 Considering that it seems reasonable to expand the range of
diagnostic tools of the disease, with extension to the analysis of the cardiovascular and

cerebral compartments, especially in those patients who do not meet the diagnostic
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criteria currently established. In addition, any evaluation of new diagnostic tests should
be guided by how well these tools predict adverse outcomes, rather than correlate with
other definitions of the disease. The OAD may become a tool with good accuracy,
adequate reproducibility, and low cost in low-income countries. Within this context, the
option of using OAD as an additional method to analyze cerebral circulation and
vascular/endothelial reactivity in pregnant women suspected of having the disease has
arisen. 4447

The PR and P2 parameters stood out as those with higher accuracy in the diagnosis
of PE. These two parameters analyze systolic velocities of the AO, which highlight the
hump-shaped morphology of the flow velocity wave. There are pathophysiological

models currently described in the literature to justify these changes in the systolic phase

of this peripherally accessed central nervous system artery.*®

Conclusion

Ophthalmic artery Doppler is a complementary tool with good performance for
diagnosis of overall and severe preeclampsia, with the high and best sensitivity and

specificity when using PR and P2 parameters.



Identification
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Inclusion

Articles identified in 9 databases:
EMBASE (37), MEDLINE (47),
Web of Science (259), Bireme
(35), Lilacs (2), Google scholar
(328), Scopus (21), Medrxiv (5)
(n=734)

Articles selected for analysis:
(n=308)

Articles selected for full text
analysis:
(n=55)

Studies included for quantitative
analysis:
(n=14)

Duplicate articles excluded before
selection: (n=426)

Articles excluded by title and
abstract using Rayyan:
(n=253)

Articles excluded after full-text
analysis: (n=41)
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Figure 1 PRISMA Flowchart showing identification, selection, eligibility and inclusion

of primary studies.
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Risk of Bias Applicability Concerns
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Belfort, 1998

Brandiao, 2012
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Madina, 2020
Diniz, 2022
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Stein, 2009
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Figure 2: Use of the performance study assessment tool (QUADAS-2) to assess quality:
summary of risk of bias and applicability.

Only the first author of each study is given.
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Figure 3: Summary sROC curve and estimated sensitivity (S) and false positive rate
(FPR). a: PR sROC: 0.885; S: 0.838 (95% CI 0.772; -0.888). FPR: 0.083 (95% CI 0.024;
-0.251). b: P2 sROC: 0.926, S: 0.846 (95% CI 0.680;-0.935), FPR: 0.124 (95%CI 0.063;-
0.231); ¢: sROC : 0.833, S: 0.757 (95% CI 0.688 — 0.815), FPR: 0.211 (95% CI 0.154 —
0.284) ; d: sROC : 0.794, S: 0.737 (95% CI 0.664— 0.799), FPR: 0.198 (95% CI 0.109 —
0.333, e: sSROC curve 0.556, S:0.552 (95% CI 0.372 — 0.720), FPR: 0.461 (95% CI 0.293
— 0.639) f: SROC curve 0.772, S:0.767 (95% CI 0.623 — 0.868), PFR: 0.329 (95% CI

0.221 —0.459) .
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DATABASE DESCRIPTORS

EMBASE 'ophthalmic artery doppler’ AND 'pre-eclampsia’ AND 'pregnancy’

MEDLINE 'ophthalmic artery doppler' AND 'pre-eclampsia’ AND 'pregnancy’

WEB OF SCIENCE 'ophthalmic artery’ AND 'ultrasonography, doppler’

COCHRANE LIBRARY "artery, ophthalmic’ AND 'preeclampsia’

BIREME 'artéria oftalmica’ AND 'ultrassonografia doppler' AND 'pré-eclampsi
'gestacao’

LILACS artéria oftalmica AND ultrassonografia doppler AND pré-eclampsia

GOOGLE SCHOLAR

"ophthalmic artery doppler" AND "pre-eclampsia" AND "diagnosis”
"pregnancy"

SCOPUS "ophthalmic artery doppler" AND "pre-eclampsia" AND "pregnancy"
MEDRXIV 'ophthalmic artery doppler’ AND 'pre-eclampsia’ AND 'pregnancy’
OPEN GREY 'ophthalmic artery doppler’ AND 'pre-eclampsia’ AND 'pregnancy’

Supplement 1: Search strategy utilized for identification of eligible studies

Pre-eclampsia Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-C1 Weight
Steim, 2008 16 0.83 0.14 16 0.57 0.1 L) 0.26 [0.17;0.35] 29.5%
Ozdemir, 2020 50 075019 50 060 0.15 =+ 0.15 [0.08;0.22] 32.7%
Diniz, 2022 133 0.81 0.12 133 0.50 0.10 - 0.31 [0.28;0.34] 37.8%
Random effects model 199 199 <> 0.24 [0.15; 0.34] 100.0%

Heterageneity: I* = 20%, +* = 0.006, p < 0.001 I :

Supplement 2: Peak ratio (PR) - Mean difference between all pre-eclampsia and control

groups



Mild pre-eclampsia Control
Study Total Mean SD Total Mean SD Mean Difference MD
Takata, 2002 25 070010 32 047 0.07 0.23
Diniz, 2008 20 0.810.09 51 0.50 0.09 0.31
Oliveira, 2013 30 0.65 0.10 289 0.52 0.10 0.13
Freitas, 2018 23 071027 26 058 0.13 0.13
Random effects model 98 398 0.21
Heterogeneity: 1 = 92%, t° = 0.008, p < 0.001 ! ' '
-1 -N§{ 1
Severe pre-eclampsia Control
Study Total Mean SD Total Mean SD Mean Difference MD
Takata, 2002 27 081012 32 047 0.07 = 0.34
Diniz, 2008 20 0.84 0.08 51 0.50 0.09 ™= 0.34
Oliveira, 2013 30 0.89 0.12 289 0.52 0.10 = 0.37
Freitas, 2018 13 085019 26 0.58 0.13 —— 0.27
Random effects model 90 398 6 0.35
Heterogeneity: 1>=0%, =0, p =0.407 ' ' ! I I
-1 -0.5 0 0.5 1
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95%-Cl Weight
[0.18; 0.28]
[0.26; 0.36]
[0.09; 0.17]
[0.01; 0.25]

26.7%
26.7%
27.3%
19.2%

[0.11; 0.30] 100.0%

95%-Cl Weight
[0.29; 0.39]
[0.30; 0.38]
[0.33; 0.41]
[0.16; 0.38]

25.3%
35.8%
33.8%

5.1%

[0.32; 0.37] 100.0%

Supplement 3: Peak ratio (PR) - Mean difference between mild and severe pre-eclampsia

and control group.
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Supplement 4: Peak ratio (PR) — Sensitivity and specificity for all preeclampsia.
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Pre-cclampsia Control
Study Total Mean 5D Total Mean SD Mean Difference MO
Stein, 2009 16 33.90 12.50 16 21.95 T.75 i
Olatunjl, 2015 42 2399 793 41 1845 708 | —— 454 [1.31; 7.77]
Qzdemir, 2020 50 35.00 16.00 50 27.00 11.00 —
Diniz. 2022 133 3044 1003 133 1618 43 _—
Random effects model 241 240 ——
Hatorogeneity: 17 = 89%, «° = 18.328, p = 0.001 ' ’ v '

fi 5 10 15 20
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Supplement 5: Second peak of systolic velocity (P2) - Mean difference between all pre-

eclampsia group and control group

Mild pre-eclampsia Control
Study Total Mean SD Total Mean SD
Olatunji, 2015 24 2262 648 41 1945 7.08
Freitas, 2018 23 22.30 410 26 17.90 10.70
Random effects model 47 67
Heterogeneity: /% = 0%, ©* = 0, p = 0.666
Severe pre-eclampsia Control

Study Total Mean SD Total Mean SD

41 19.45 7.08
26 17.90 10.70

18 22.95 8.09
13 25.30 14.20

Olatunji, 2015
Freitas, 2018

Random effects model 31 67
Heterogeneity: 1° = 0%, v* = 0, p = 0.433

Mean Difference MD 95%-Cl Weight

3.17 [-0.21;6.55] 63.3%
4.40 [-0.04;8.84] 36.7%

-2

3.62 [ 0.93; 6.31] 100.0%
1

0 2 4 6 8 10

Mean Difference MD 95%-Cl Weight

3.50 [-0.82; 7.82] 80.4%

7.40 [-1.35;16.15] 19.6%

4.26 [0.39; 8.14] 100.0%
1

-2

0 2 4 6 8 10

Supplement 6: Second peak (P2) - mean difference between mild and severe pre-

eclampsia and control groups

11.95 [4.74: 19.16)

800 [2.62; 13.38]
14.26 [12.40; 16.12]

Welight

18.5%
28 0%
22.8%
30.75%

968 [4.92; 14.44] 100.0%%
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Supplement 7: Second peak (P2) —Sensitivity and specificity for all pre-eclampsia

Study

Balfort, 1908
Stain, 2005
Qlatunji, 2015
Forta, 2017
Qzdamir, 2020
hadina, 2020

Diniz, apz2

Random effects model

Pro-gclampsia

Tatal

18
16
42
10
50
30
133

299

Mean SO

ue6 0.08
068 0.08
062 046
DG7 D03
LeE 010
ued 009
0uee 0.10

Hplarogenaeity; = B1%, e 0,001, p < 0,001

Total
24
16

50
a0
133
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Contral

Mean

0.72
.73
0,70
0159
07T
070
0.7y

D

0.08
0.08
0.09
0.03
ooy
0.05
0.07

Mean Difference MD

-j -0.08

- -0.05

) 0.08

& -0.02

= | -0.11

- -0.08

- -0.09

4 007
T = T 1
0.5 o 0.5 i

85%-C1 Weight

[-0.11;-0.01] 12.5%
[-0.11: 0.0] 11.2%
[-D.22; 0.06] 3.3%
[-0.04; 0.00] 20.1%
[-0.14; -0.08]  16.9%
[0.10; 0.02] 16.1%
[-0.11; 0.07] 20.0%

[-0.09; -0.04] 100.0%

Supplement 8: Resistance index (RI) — mean difference between all pre-eclampsia and

control groups
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Mild pre-eclampsia Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Takata, 2002 25 077 006 32 0.82 0.06 +" -0.05 [-0.08;-0.02] 15.6%
Ayaz, 2003 30 097 003 30 0.74 0.05 1 0.23 [0.21; 0.25] 15.7%
Diniz, 2008 20 0.64 0.07 51 0.78 0.05 - -0.14 [-0.17;-0.11] 15.5%
Brandao, 2012 30 063002 25 0.74 0.03 f -0.11 [-0.12;-0.09] 15.7%
Oliveira, 2013 30 0.73 0.06 289 0.75 0.05 * -0.02 [-0.04; 0.00] 15.6%
Olatunji, 2015 24 066 0.87 41 0.70 0.09 —a— -0.04 [-0.39; 0.31] 6.5%
Freitas, 2018 23 073009 26 0.78 0.04 e -0.05 [-0.09;-0.01] 15.4%
Random effects model 182 494 <J_? -0.02 [-0.14; 0.09] 100.0%
Heterogeneity: /% = 99%, 1 = 0.022, p < 0.001 ! ' ' ' '
-1 N5 n ns 1
Severe pre-eclampsia Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Takata, 2002 27 0.70 0.12 32 0.82 0.06 = -0.12 [-0.17;-0.07] 16.0%
Diniz, 2008 20 0.64 0.13 51 0.78 0.05 = -0.14 [-0.20;-0.08] 13.4%
Brandao, 2012 26 0.65 0.02 25 0.74 0.03 + -0.08 [-0.10;-0.07] 30.2%
Oliveira, 2013 30 0.63 0.09 289 0.75 0.05 Ce -0.12 [-0.15;-0.09] 22.6%
Olatunji, 2015 18 059 0.74 41 0.70 0.09 —'—— -0.11 [-0.45; 0.23] 0.6%
Freitas, 2018 13 0.63 0.08 26 0.78 0.04 o -0.15 [-0.20; -0.10] 17.3%
Random effects model 134 464 o -0.12 [-0.14; -0.09] 100.0%
Heterogeneity: 1% = 61%, t° < 0.001, p = 0.024 r T T ‘
-1 -0.5 0 0.5 1

Supplement 9: Resistance index (RI) - mean difference between mild and severe pre-

eclampsia and control groups
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Supplement 10: Resistance index (RI) — Sensitivity and specificity for all pre-eclampsia.



50

Pre-eclampsia Control
Study Toetal Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Stein, 2009 16 129036 16 167 0.38 —— -0.38 [-0.64;-0.12] 136%
Olatumji, 2015 42 117 042 41 157 0.44 — i -0.40 [-0.59;-0.21] 21.7%
Ozdemir, 2020 50 1.28 0,33 20 1.73 0.51 —-— -0.45 [-0.62, -0.28] 24.5%
Oiniz, 2021 133 130 037 133 1.88 046 -"*— -0.58 [-0.68; -0.48] 40.2%
Random effects model 241 240 < -0.48 [-0.59; -0.37] 100.0%

Hatarogenaity: I~ = 36% o’ = 0.005, p = 0.195

Supplement 11: Pulsatility index (PT) — mean difference between all pre-eclampsia and

control groups

Mild pre-eclampsia Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Hata, 1997 9 147 030 29 292 0.59 : -1.45 [-1.74;-1.16] 13.0%
Takata, 2002 25 166 025 32 2.11 0.39 o -0.45 [-0.62;-0.28] 14.6%
Ayaz, 2003 30 091010 30 1.78 0.20 = -0.87 [-0.95;-0.79] 15.3%
Diniz, 2008 20 116 025 51 1.89 0.38 = -0.73 [-0.88;-0.58] 14.7%
Oliveira, 2013 30 163 035 289 1.88 043 . 3 -0.25 [-0.38;-0.12] 14.9%
Olatunji, 2015 24 124 038 41 157 044 . -0.33 [-0.53;-0.13] 14.1%
Freitas, 2018 23 162 046 26 1.96 0.44 - -0.34 [-0.59;-0.09] 13.5%
Random effects model 161 498 - -0.62 [-0.88; -0.37] 100.0%

Heterogeneity: 1% = 95%, t° = 0.112, p < 0.001 f ‘ ! ! ' '

Severe pre-eclampsia Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Hata, 1997 6 117 0.08 29 292 059 —— -1.75 [-1.97;-1.53] 16.9%
Takata, 2002 27 161040 32 211 0.39 = -0.50 [-0.70;-0.30] 17.2%
Diniz, 2008 20 100029 51 1.89 0.38 - -0.89 [-1.05;-0.73] 17.6%
Oliveira, 2013 30 1.13 0.31 289 1.88 0.43 _ -0.75 [-0.87;-0.63] 18.0%
Olatunji, 2015 18 1.02 023 41 1.57 0.44 - -0.55 [-0.72;-0.38] 17.5%
Freitas, 2018 13 1.14 0.87 26 1.96 0.44 — -0.82 [-1.32;-0.32] 12.8%
Random effects model 114 468 _ -0.87 [-1.20; -0.55] 100.0%
1

Heterogeneity: 1% = 94%, 1% = 0,149, p < 0.001 I I I I !
2 15 -1 05 0 05 1

Supplement 12: Pulsatility index (PI) - mean difference between mild and severe pre-

eclampsia and control groups
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Supplement 13: Pulsatility index (PI) — Sensitivity and specificity for all pre-eclampsia
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Supplement 14: Peak systolic velocity (PSV) — mean difference between all pre-

eclampsia x control groups and mild, severe pre-eclampsia x control groups.
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Supplement 15: Peak systolic velocity (PVS) — Sensitivity and specificity for all

preeclampsia.
Pro-eclompsia
Study Total Mean SO Total
Shaim, 2009 16 13.50 6,20 16
Dipfumnji, 2015 42 985 33 a1
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Supplement 16: End diastolic velocity (EDV) — mean difference between overall

preeclampsia x control groups, mild and severe preeclampsia x control groups
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Supplement 17: End diastolic velocity (EDV) — Sensitivity and specificity for all
preeclampsia.
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Tuble 2: Summary of the mean dilference, sens#tivity/specificity and sROC mnmalyses of aphshelmic amtery Doppler pammeters for ovenall, mild and severe preeclampsia
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