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Apresentacao

O primeiro artigo desta dissertacdo € um artigo de revisdo de literatura
sobre a influéncia da concentracdo de oxigénio no cultivo embrionario em
fertilizacdo in vitro (FIV), que vem gerando discussdo nas ultimas décadas.
Comentamos a respeito das concentracbes de oxigénio no trato genital
reprodutivo feminino de mamiferos, dos efeitos do estresse oxidativo sobre 0s
embrides, e dos resultados em FIV em estudos animais e humanos.

No segundo artigo, que da nome a dissertacé@o, fizemos uma meta-analise
dos resultados de FIV/ICSI apds o desenvolvimento do embrido humano em
baixa concentracdo de oxigénio, usando trabalhos prospectivos e randomizados
publicados até o momento. Esse trabalho avaliou as taxas de fertilizacdo,
implantacdo, gravidez clinica e em curso dos embrides que foram cultivados

comparativamente em concentracdo atmosférica e de cerca de 5% de oxigénio.
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RESUMO

Apesar do conhecimento de que o0s processos de desenvolvimento e implantagédo
embrionarios de mamiferos ndo ocorrem em concentracdo atmosférica in vivo, € pratica
comum em laboratorios de fertilizacdo in vitro (FIV) a cultura de embrifes em concentracao
proxima a 20% de oxigénio. A discrepancia entre as concentracdes de oxigénio leva a
importantes discussdes sobre seus efeitos no desenvolviemento embrionario in vitro.
Acredita-se que o cultivo de embriGes em ambientes com concentracdo atmosferica de
oxigénio pode ser prejudicial a qualidade dos mesmos por predispd-los a interferéncia
negativa de radicais livres de oxigénio (RLO), resultantes do estresse oxidativo, levando a
acdo deletéria sobre o metabolismo embrionario e a expressdo génica de blastocitos
cultivados naquelas condi¢des. Frente aos argumentos favordveis e contrarios a cultura de
embrides in vitro em concentracBes de oxigénio semelhantes as encontradas in vivo, este
artigo de revisdo pretende condensar e debater os dados da literatura acerca da influéncia da

concentracdo de oxigénio sobre a qualidade de embrifes cultivados in vitro.

Palavras-chave: baixa concentracdo de oxigénio, cultura embrionaria, FIV/ICSI, gas

atmosferico, radicais livres de oxigénio.
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ABSTRACT

Despite the factthat the processes of embryonic development and deployment of
mammals do not occur in atmospheric concentration in vivo, it iscommon practice in
laboratories for in vitro fertilization (IVF) the culture of embryos ina concentration close
to 20% of oxygen. The discrepancy between the concentrations of oxygen leads to
important discussions about their effects onin vitro embryonic development. It is
believed that the cultivation of embryos inatmospheric concentration of oxygen can
be detrimental to the qualityof the data for predisposing themto the negative
interference of reactive oxygen species (ROS), resultingin oxidative stress, leading
to deleterious effects on metabolism embryonic gene expression and blastocysts grown in
those conditions. Faced with arguments for and againstthe culture of embryosin
vitro oxygen concentrations similar to those foundin vivo, thisreview article aims
to condense and discuss the literature concerning the influence of oxygen concentration on

the quality of embryos cultured in vitro.

Keywords: low tension oxigen, embryo culture, gas atmosphere, IVF/ICSI, reactive oxygen

species.
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INTRODUCAO

A cultura de embriGes em concentracdo atmosférica de oxigénio, préxima de 20%, é pratica
comum em laboratérios de fertilizacdo in vitro (FIV) (Bahgeci et al, 2005), embora a
concentracdo de oxigénio na cavidade uterina e ovidutos de mamiferos seja inferior a 9% nos
diferentes momentos do ciclo reprodutivo, principalmente na fase de desenvolvimento

embrionario tardio e implantagdo (Fischer & Bavister, 1993).

Essa significativa diferencga entre as concentracdes de oxigénio leva a importantes discussdes
sobre seus efeitos no desenvolvimento embrionario in vitro. Apesar de ndo se conhecer ao
certo o significado da reduzida concentracdo intrauterina de oxigénio, acredita-se que seja
parte de um mecanismo de bloqueio da sua toxicidade sobre o blastocisto na fase de peri-
implantacdo (Fischer & Bavister, 1993; Bavister, 2004). O cultivo de embrides em ambientes
com concentracdo atmosférica de oxigénio pode ser prejudicial a qualidade dos mesmos por
predispd-los a interferéncia negativa de radicais livres de oxigénio (RLO), resultantes do
estresse oxidativo, 0 que ndo ocorreria in vivo (Fischer & Bavister, 1993; Guérin et al, 2001;
Garcia et al, 2010). Ha dados na literatura sugerindo agdo deletéria sobre o metabolismo
embrionario (Karagenc ef al., 2004) e a expressdao génica de blastocitos cultivados naquelas

condi¢des (Harvey et al, 2004).

Frente aos argumentos favoraveis e contrarios a cultura de embrides in vitro em
concentragdes de oxigénio semelhantes as encontradas in vivo, este artigo de revisdo pretende
condensar e debater os dados da literatura acerca da influéncia da concentracdo de oxigénio

sobre a qualidade de embrides cultivados in vitro.
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ESTRESSE OXIDATIVO

Os efeitos nocivos sobre embrides cultivados em concentracdes atmosféricas de oxigénio tém
sido atribuidos a geracdo de RLO, que sdo capazes de se difundir, passar pelas membranas
celulares e alterar a conformacdo de lipideos, proteinas e acidos nucléicos (Guérin et al,
2001). A formacdo de RLO pode ser proveniente do metabolismo do embrido e dos fluidos
foliculares e tubarios (Guérin et al, 2001). O metabolismo embrionario gera RLO por meio de
varios mecanismos metabdlicos e enzimaticos, envolvendo principalmente a fosforilacdo
oxidativa e a agdo das enzimas nicotinamida-adenina-dinucleotideo-fosfato (NADPH)
oxidase e xantina-oxidase, sendo a contribuigdo relativa de cada varidvel de acordo com a
espécie animal, o estagio de desenvolvimento embrionario e as condi¢bes de cultivo (Guérin
et al, 2001). Ainda, diversos fatores externos podem aumentar a producdo de RLO para o
embrido, como concentragcdo de oxigénio circundante, cations metélicos (ferro e cobre),
aminoxidase, e até mesmo espermatozdides durante a fertilizacdo in vitro, principalmente os

que permanecem fora do odcito (Guérin et al, 2001).

Os RLO induzem peroxidacdes lipidicas com repercussao na divisao celular, no transporte de
metabdlitos e disfungdo mitocondrial, sendo relacionados ao bloqueio da clivagem
embrionaria inicial. No metabolismo das proteinas, podem induzir a formacéo de disulfito por
oxidacdo do radical sulfidrila, levando a inativacdo de enzimas como a gliceraldeido-3-
fosfato-deidrogenase, com prejuizos a respiracdo celular. Ainda, os RLO podem induzir a
fragmentacdo do DNA nuclear, com potencial supressdo do desenvolvimento embrionario in

vitro (Guérin et al, 2001).

Além de danos diretos e indiretos ao DNA (lwata et al, 2000), estdo entre as consequéncias

danos a organelas e membranas (Kwon et al, 1999), bloqueio do desenvolvimento
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embrionario (Guérin et al, 2001), deplecdo de adenosina-trifosfato (Guérin et al, 2001),
estimulo a apoptose celular (Guérin et al, 2001) e alteracdes da expressdo génica (Harvey et
al, 2004). O DNA mitocondrial é especialmente susceptivel a muta¢Ges por causa da falta de
histonas que, normalmente, bloqueiam a agdo dos RLO. Sdo os defeitos no DNA
mitocondrial que irdo induzir disfunges metabodlicas celulares e, consequentemente, retardo
ou parada do desenvolvimento embrionario, ou apoptose. O acimulo de radicais superoxidos
e a diminuicao dos niveis de superdxido-dismutase estdo envolvidos no processo de apoptose,

que esta relacionada a fragmentacdo do blastocisto (Guérin et al, 2001).

Diversos mecanismos de defesa estdo presentes no embrido e nos fluidos que o rodeiam, e
tém funcBes complementares (Guérin et al, 2001). In vivo, a protecdo externa, presente nos
fluidos foliculares e tubéarios, é constituida, principalmente por antioxidantes néo-
enzimaticos, como hipotaurina, taurina e &cido ascorbico; e a interna, constituida,
principalmente, por antioxidantes enzimaticos, como superoxido-dismutase, glutationa-
peroxidase e y-glutamilcisteina-sintetase. O dano oxidativo pode resultar da producéo
excessiva e/ou da diminuicdo do clearance de radicais livres pelos mecanismos de defesa.
Assim, as trés estratégias para evitar 0 estresse oxidativo sdo prevencdo para evitar a
formacdo de radicais livres, neutralizacdo com antioxidantes e reparo através do DNA

mitocondrial (Guérin et al, 2001).
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ESTUDOS EM ANIMAIS

As evidéncias do efeito prejudicial da concentragdo atmosférica de oxigénio no
desenvolvimento embrionario in vitro sdo baseadas, principalmente, em modelos animais,
usando, na grande maioria bovinos e roedores (Harlow & Quinnn, 1979; Pabon et al, 1989;
McKiernan & Bavister, 1990; Batt et al, 1991; Umaoka et al, 1992; Kwon et al, 1999; Yuan
et al, 2003; Karja et al, 2004; Leoni et al, 2007). Por nunca terem sido expostos a
concentragfes atmosféricas de oxigénio, os embrides e gametas de vérias espécies de
mamiferos cultivados nessas condi¢bes podem ser submetidos a estresse oxidativo mediado
por radicais livres de oxigénio (RLO), que podem comprometer sua capacidade de
desenvolvimento (Mastroiani & Jones, 1965; Bayatt-Smith et al, 1991; Fischer & Bavister,

1993; Bahceci et al, 2005).

As concentracfes de oxigénio na cavidade uterina e nos ovidutos de diversas espécies tém
sido estudadas ha mais de quatro décadas (Mastroianni & Jones, 1965; Garris & Mitchell,
1979; Hammer et al, 1981; Fischer & Bavister, 1993) e a maior parte dos estudos demonstra
prejuizos do oxigénio em concentracdo atmosférica sobre embrides cultivados in vitro
(Bavister, 1995). Tal afirmativa confirma-se pela demonstragéo de reducdo da massa celular
interna (MCI) e evolucdo fetal de blastocistos provenientes de embrides de roedores
cultivados em oxigénio a 20% quando comparados aos cultivados a 5%, embora néo se tenha
observado diferencas na evolucdo a blastocistos ou na morfologia destes (Karagenc et al,

2004).

O estudo de Fischer & Bavister, 1993, foi o primeiro a posicionar microeletrodos
polarograficos no lumen de Gtero e tubas de primatas, roedores e coelhos para mensuragéo

das concentracGes de oxigénio em diferentes fases reprodutivas, demonstrando concentracfes
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maximas de oxigénio de 40% em relacdo a concentracdo atmosférica. Neste estudo, a tenséo
de oxigénio em macacas Rhesus foi de aproximadamente 8% nas tubas e de
aproximadamente 2% na cavidade uterina; em roedoras e coelhas, tais concentra¢des foram,
respectivamente, de 5% e 3,5% no momento da implantacdo embrionéria, reforcando a
hipGtese de que embrifes jamais estariam submetidos a concentragdes tdo elevadas de

oxigénio quanto a atmosférica (Fischer & Bavister, 1993).

Em estudos com fertilizacdo in vitro (FIV), observa-se maior viabilidade embrionéaria, além
de melhor e maior niumero de embrides que atingem estagio de blastocisto, entre 0s
cultivados em concentragdo reduzida de oxigénio quando comparados a embrides cultivados
a concentragdo atmosférica (Harlow & Quinnn, 1979; Pabon et al, 1989; McKiernan &
Bavister, 1990; Batt et al, 1991; Umaoka et al, 1992; Kwon et al, 1999; Yuan et al, 2003;
Karja et al, 2004; Leoni et al, 2007). Entretanto, os dados sugerem que a morfologia
embrionéria, a quantidade de embrides que chegam a blastocistos apo6s FIV ou mesmo 0s
resultados iniciais de implantagdo, como taxa de gravidez clinica ou bioquimica e/ou
implantacdo, apds cultivo em concentracfes diferentes de oxigénio, ndo sdo preditores

precisos dos resultados clinicos finais (Meintjes et al, 2009).

Karagenc et al (2004) observaram reducdo do desenvolvimento da massa celular interna e
uma queda drastica na propor¢do de blastocistos transferidos que se desenvolveram em fetos
quando embrides foram cultivados em oxigénio atmosférico, apesar da aparéncia
morfologicamente normal destes blastocistos. Essa observacéo ilustra mais uma vez a falta de
confiabilidade da aparéncia morfoldgica para avaliar a viabilidade do embrido (Bavister,
2004). Assim, reforca-se a tese de que a verdadeira competéncia embrionaria deve ser
confirmada pela ocorréncia de nascidos vivos (Karangenc et al, 2004; Waldenstrom et al,

2010).
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ESTUDOS COM EMBRIOES HUMANOS

Em vista de implicacdes éticas, a realizacdo de estudos bem desenhados com embrides
humanos torna-se dificil, ndo se podendo, desta forma, produzir dados com maior relevancia
clinica. Apesar de as baixas concentracGes de oxigénio concorrerem para a Vviabilidade
embrionaria e melhor desenvolvimento ao estagio de blastocisto em estudos com FIV em
animais, a interferéncia negativa das concentracdes elevadas de oxigénio sobre embrides
humanos ¢ controversa. Enquanto alguns estudos demonstraram taxas de implantagdo e
gravidez significativamente maiores em ambientes com oxigénio a baixas concentracdes
(Catt & Henman, 2000), outros ndo demonstraram melhorias significativas dos resultados

terapéuticos (Dumoulin et al, 1995; Dumoulin et al, 1999).

O estudo de Dumoulin et al, 1999, apresentou evolucdo mais expressiva de embrides
humanos a blastocistos, com maior celularidade, em cultivo em oxigénio a 5%, mas sem
diferencas significativas entre as taxas de implantagéo e gravidez obtidas para os cultivados a
20% (Dumoulin et al, 1999). Entretanto, as transferéncias embrionarias aconteceram no
segundo e terceiro dia ap6s a FIV, o que limita conclusdes, ja que o ambiente intrauterino
pode favorecer a implantagdo, por minimizar ou eliminar efeitos deletérios do estresse
oxidativo. O estudo de Catt & Henman, 2000, por outro lado, demonstrou taxas de gravidez
superiores para embrides cultivados a menores concentragdes de oxigénio (Catt & Henman,

2000).

A discrepancia entre os dados de estudos em animais e humanos pode ser parcialmente
explicada pela diferenca na fisiologia embriondria das espécies, considerando as

caracteristicas especificas de espécies altamente puras dos animais usados em laboratério e da
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variedade de condicbes de cultura e transferéncia embrionaria no laboratorio (Bavister,

2004).

Ainda, os estudos com embribes humanos que nao identificaram beneficio de resultados
clinicos com baixa concentracdo de oxigénio foram realizados com transferéncia em D2 ou
D3, ndo permitindo o beneficio da baixa concentracdo de oxigénio no desenvolvimento do
blastocisto e da massa celular interna in vitro apos a ativagdo do genoma embrionario
(Dumoulin et al, 1999; Catt & Henman, 2000; Bahceci et al, 2005). Isso esta em contraste
com estudos realizados em animais, pois a rotina é a transferéncia em blastocisto (Umaoka et

al, 1991,1992; Karangenc et al, 2004).

Fisiologicamente, o Utero fornece um ambiente nutricional diferente das tubas uterinas e,
portanto, a transferéncia de embrides em estagio de clivagem causaria estresse homeostatico
e uma reducdo do potencial de implantacdo embrionario (Garcia et al, 2010).
Consequentemente, a transferéncia em estadgio de blastocisto permitiria uma melhor
sincronizagdo com o ritmo das contragOes uterinas e o embrido, bem como escolher de
maneira mais “natural” embrides com maior potencial de desenvolvimento e implantagéo

(Garcia et al, 2010).

Quando as transferéncias de blastocistos foram avaliadas em um pequeno estudo com 22
pacientes, a taxa de gravidez clinica parece ter melhorado em baixa concentracdo de
oxigénio, embora 0 numero pequeno demais de pacientes ndo tenha permitido alcancar
significancia estatistica (Kea et al, 2007). Seguiram-se estudos maiores que verificaram
significativamente melhores resultados em baixas concentraces de oxigénio em
transferéncia de blastocisto (Kovacic & Vlaisavljevic, 2008; Waldenstrom et al, 2008; Ciray

et al, 2009; Meintjes et al, 2009; Kovacic et al, 2010). Algumas peculiaridades sdo relevantes
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nestes estudos, como maior quantidade de embrides que chegaram a blastocisto em 6tima
qualidade (Kovacic & Vlaisavljevic, 2008; Waldenstrom et al, 2008; Ciray et al, 2009;
Meintjes et al, 2009), com massa celular interna normal (Kovacic & Vlaisavljevic, 2008),
aumento das taxas de implantacdo (Meintjes et al, 2009), gravidez clinica e nascidos vivos

(Waldenstrom et al, 2008; Meintjes et al, 2009).

Em um modelo de estudo com odcitos irmaos, Kovacic & Vlaisavljevic observaram melhora
em todas as fases do desenvolvimento embrionario — desde D2 até D5 — em baixas
concentracdes de O,, identificada através do escore embrionario, do desenvolvimento da
massa celular interna, da compactacdo em mérula e da proporcdo de embrides em estagio de
blastocisto, ndo verificando diferenca se FIV convencional ou com injecdo
intracitoplasmatica de espermatozoides (ICSI). Com transferéncia embrionaria realizada
apenas em blastocisto, os resultados clinicos evidenciaram uma tendéncia de melhora em
baixa concentracdo de O,, porém sem diferenca significativa, provavelmente pela pequena
amostra do estudo (Kovacic & Vlaisavljevic, 2008). De maneira semelhante, Ciray et al
usaram modelo de odcitos irmdos, verificando melhor qualidade dos embrides tanto no 3°

guanto no 5° dia de desenvolvimento (Ciray et al, 2009).

Meintjes et al cultivaram embrifes em 5% de O, com predominancia da transferéncia em
blastocisto, resultando em taxas mais elevadas de implantacdo, de implantacdo por nascido
vivo, de gravidez clinica e de nascidos vivos (Meintjes et al, 2009). Observaram ainda uma
maior quantidade de embrides congelados em blastocisto, tanto das pacientes com
transferéncia em D3 quanto em D5, porém sem significancia estatistica devido a pequena
amostra resultante (Meintjes et al, 2009). Além disso, Nanassy et al, cultivou embribes
humanos em condic6es atmosféricas de O, até o 3° dia, passando a cultiva-los em dois grupos

— 5% ou 20% — até o 5° dia de desenvolvimento, ndo observando efeitos benéficos nos
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estagios avancados do desenvolvimento embrionario (Nanassy et al, 2010). Esses resultados
sugerem que o efeito benéfico da hipdxia no desenvolvimento embrionério ocorreria ao longo
de todas as fases de cultivo in vitro, desde odcito antes da fertilizacdo até o estagio de

blastocisto (Garcia et al, 2010).

Contribuindo com esses dados, Waldenstrom et al (2009) compararam concentracao
atmosférica e baixa concentragdo de O, em estudo com transferéncia apenas de blastocistos,
observando, com significancia, maior desenvolvimento de blastocisto por odcito fertilizado e
maior média de blastocistos criopreservados, bem como maior taxa de gravidez, gestacao
viavel e nascidos vivos. Esse estudo acrescenta, ainda, que o cultivo de embribes em
concentracdo fisiolégica de O, parece ser a melhor alternativa para criopreservacdo de

embrides.

Estudos mais recentes sugerem que a baixa concentragdo de O, pode ter uma aplicabilidade
maior com significante melhora dos resultados clinicos em FIV/ICSI em grupos especificos,
como mas respondedoras (Kovacic et al, 2010) ou mulheres com idade superior ha 40 anos
(Garcia et al, 2010). Kovacic et al (2010) realizaram estudo apenas com odcitos irmaos em
ciclos de ICSI, dividido em trés grupos de mulheres: (1) 6timas respondedoras; (2) mas
respondedoras; e (3) com idade superior ha 40 anos (Kovacic et al, 2010). Observaram maior
quantidade de embribes usados clinicamente, maior quantidade de blastocistos congelados
por embrides clivados e maior taxa cumulativa de gravidez. Destacaram-se no grupo de mas
respondedoras as taxas superiores de gravidez bioquimica, clinica e em curso, seja por ciclo
ou transferéncia realizada em D3. Em outro estudo, Garcia et al (2010) também dividiram as
pacientes em trés grupos: (1) < 35 anos; (2) entre 35 a 39 anos; e > 40 anos; embora nao
tenham observado diferengas entre 0s grupos, destacaram as taxas de implantacdo, gravidez

clinica e nascimento por transferéncia, além do nudmero de gestacbes em curso
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significativamente superiores em baixas concentracbes de oxigénio, apesar da pequena

amostra (Garcia et al, 2010).

Pelo exposto, é plausivel argumentar que o embrido humano ndo seja tdo sensivel a
toxicidade do oxigénio nos estagios precoces de desenvolvimento (Bavister, 2004).
Assumindo que a massa celular interna do blastocisto é bom marcador da qualidade
embrionaria e € reduzida preferencialmente em concentragdes suprafisiologicas de oxigénio
(Bavister, 2004; Karangenc et al, 2004) parece logico fazer transferéncia embrionéria precoce
—em D2 ou D3 — para impedir os danos do oxigénio em FIV de embrides humanos, e
somente realizar cultura de embrides em baixas concentracfes de oxigénio se passar de trés
dias de cultivo ou quando se pensar em congelamento embrionario (Meintjes et al, 2009).
Entretanto, essa estratégia parece perigosa, pois os efeitos deletérios do oxigénio podem ja
estar presentes no embrido precocemente, apesar de s6 se manifestar no estagio de blastocisto
ou mais tardiamente, comprometendo os resultados clinicos (Pabon et al, 1989; Bavister,

2004; Meintjes et al, 2009).

Finalmente, deve-se enfatizar que as evidéncias experimentais demonstram que a capacidade
de embrides para desenvolver a blastocistos ndo indica necessariamente uma auséncia de
toxicidade de oxigénio e suas anormalidades associadas em propriedades da célula, tais como

alteracdo do metabolismo e expressao génica (Bavister, 2004).
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DISCUSSAO

Os efeitos negativos do oxigénio podem ser potencialmente reduzidos pela adicdo de
neutralizadores de radicais livres e antioxidantes para meios de cultivo (Umaoka et al, 1991;
Umaoka et al, 1992), ou reduzindo a concentracdo de oxigénio (Dumoulin et al, 1999). Na
época dos primeiros experimentos, ndo se comprovaram beneficios clinicos com baixas
concentracdes de oxigénio para cultivo de embriées humanos (Dumoulin et al, 1999) e, por
isso, alguns autores optaram por adicionar antioxidantes aos meios de cultivo embrionario
(Umaoka et al, 1991; Catt & Henman, 2000). Se os efeitos nocivos das concentracbes
suprafisiologicas de oxigénio em embriGes humanos foram neutralizados de forma confiavel
e indcua pela adicdo de antioxidantes, esta pode ser uma alternativa menos dispendiosa e
laboriosa (Meintjes et al, 2009). Entretanto, intuitivamente, parece mais racional evitar a
formacdo de agentes prejudiciais em torno de embrides em desenvolvimento precocemente
através de cultivo em concentragdes reduzidas de oxigénio, em vez de tentar neutralizar esses
agentes apoOs sua formacdo (Meintjes et al, 2009). Além disso, alguns tipos de dano
embrionario, como as interferéncias sobre a expressao génica, ndo podem ser evitados pela

simples adicdo de antioxidantes (Harvey et al, 2004; Meintjes et al, 2009).

Os modelos de incubadoras para cultivo de embrides usados comumente nos centros de
reproducdo assistida ndo s@o ideais para essa finalidade, pois proporcionam concentragao
atmosférica com 5% de CO, e aproximadamente 19% de O, (Bavister & Poole, 2005). Para
alcancar baixas concentragdes de oxigénio na incubadora é necessario um sensor de O; e
CO,, que por causa do grande volume da camara vai requerer por sua vez uma prodigiosa
quantidade de N, e tempo para expulsar O, (Bavister & Poole, 2005). Assim, 0 custo do gas
N, torna-se substancial, porque cada vez que a porta da incubadora € aberta, 0 ambiente

dentro da camara tem que ser reabastecido com N, para reduzir a concentracdo de O,
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novamente (Bavister & Poole, 2005). Assim, o interesse em reduzir custos favorece a
utilizagdo do modelo padrédo de incubadora, apesar do conhecimento das concentracfes
fisiolégicas de oxigénio no aparelho reprodutor feminino (Fischer & Bavister, 1993; Bavister
& Poole, 2005). Este dilema entre fatores econdomicos e condi¢Oes ideais de cultura pode ser
resolvido de maneira simples, segura e barata com incubadoras que utilizem fluxo continuo
de gas, como mini-incubadoras (Cooke et al, 2002; Bavister, 2004; Fujiwara et al, 2007) ou
sacos selados com gas impermeavel (Bavister, 2004; Bavister & Poole, 2005). A mini-
incubadora (K-MINC-1000, COOK, Co., Australia) é uma camara de bancada pequena, que
possui aquecedores em cima e em baixa de cada prato para controle direto das condicdes de

cultivo (Fujiwara et al, 2007).

Cabe ressaltar que o processo de congelamento e descongelamento embrionario deixa as
celulas mais suscetiveis aos RLO que podem levar a modificagBes na estrutura espacial da
membrana lipidica (Guérin et al, 2001). Os embriGes também podem ter sensibilidade
diferente aos RLO em diferentes estagios de desenvolvimento que sdo decorrentes das

variacdes nos limiares do mecanismo de defesa (Guérin et al, 2001).

E importante observar que reducdo drastica na concentracio de oxigénio in vitro também
pode ter conseqliéncias negativas (Vajta et al, 2010). Estudos mostraram que concentracao de
oxigénio em 2%, embora aumente a taxa de blastocisto, pode causar malformacdes no

desenvolvimento de ruminantes (Thompson & Peterson, 2000).
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CONSIDERACOES FINAIS

Os dados disponiveis na literatura levam a crer em resultados reprodutivos mais favoraveis a
partir do cultivo de embribes a concentracdes baixas de oxigénio, o que se deve
principalmente a diminuicao dos efeitos negativos do estresse oxidativo sobre o metabolismo

e 0 desenvolvimento embrionario.

Embora os vastos dados obtidos a partir de embrides de roedores, bovinos e primatas nao
possam ser seguramente extrapolados para embri6es humanos, os poucos estudos em nossa
espécie sugerem resultados semelhantes e é plausivel imaginar melhores resultados clinicos
de FIV/ICSI pelo cultivo em concentragfes de oxigénio mais proximas do que seriam niveis

fisioldgicos.

Respeitando os limites éticos, espera-se que estudos bem desenhados no futuro somem dados
aos ate entdo disponiveis, que fornecam as evidéncias necessarias a mudanca dos padrdes de
concentragdo atmosférica de oxigénio utilizados mais comumente em laboratério de

reproducéo assistida nos dias de hoje.
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Abstract

Background: Improved pregnancy, implantation, and birth rates have been reported after the
use of a reduced O, concentration during embryo culture, mainly due to a reduction of the
cumulative detrimental effects of reactive oxygen species. However, some studies have failed
to report any positive effects. The objective of this meta-analysis was to evaluate the effect of
a low-O; environment on IVF/intracytoplasmic sperm injection (ICSI) outcomes.

Methods: All available published and ongoing randomised trials comparing the effects of
low (~5%; OC~5) and atmospheric (~20%; OC~20) oxygen concentrations on IVF/ICSI
outcomes were included. Search strategies included online surveys of databases from 1980 to
2011. The outcomes measured were fertilisation rate, implantation rate and ongoing
pregnancy rates. The fixed effects model was used to calculate the odds ratio.

Results: The pooled fertilisation rate did not differ significantly (P=0.54) between the group
of oocytes cultured at low O, tension and the group at atmospheric O, tension. Concerning all
cycles, the implantation (P=0.06) and ongoing pregnancy (P=0.06) rates were not
significantly different between the group receiving transferred sets containing only OC~5
embryos and the group receiving transferred sets with only OC~20 embryos. In a meta-
analysis performed for only those trials in which embryos were transferred on day 2/3,
implantation (P=0.63) and ongoing pregnancy (P=0.19) rates were not significantly different
between the groups. In contrast, when a meta-analysis was performed using only trials in
which embryos were transferred on days 5 and 6 (at the blastocyst stage), the group with
transferred sets of only OC~5 embryos showed a statistically significantly higher
implantation rate (P=0.006) than the group receiving transferred sets with only OC~20
embryos, although the ongoing pregnancy (P=0.19) rates was not significantly different

between the groups.
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Conclusions: Despite some promising results, it seems premature to recommend the use of
low O; tension for oocyte and embryo culture. Additional randomised controlled trials are
necessary before evidence-based recommendations can be provided.

Keywords: low oxygen, embryo culture, gas atmosphere, IVF/ICSI.
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Background

The role of oxygen tension during the culture of gametes and embryos has been the
subject of study in both animals and humans. Following protocols from somatic cell culture
techniques, the embryos of humans and other mammals have traditionally been cultured
under atmospheric oxygen tension (~20%). However, experimental studies in various species
of mammals have revealed that the concentration of O inside the uterus and oviducts usually
fluctuates in the range of 2-8% [1-5]. Culture at low levels of O, (5—7%) can improve
embryonic development in several species, including mice [6-10], rats [11], hamsters [12],
rabbits [13], pigs [14], goats [15], sheep [16, 17], and cattle [16, 18]. In addition, culture at
low O, concentration is associated with a reduced rate of aneuploidy in mouse embryos [19].

In general, these results are associated with a reduction of the harmful effects of
reactive oxygen species (ROS). In oocytes and embryos, even with endogenous defence
mechanisms [20, 21], disturbances in physiological processes can lead to an increase in the
generation and accumulation of ROS, which is associated with various degrees of cell
damage (DNA fragmentation, changes in gene expression and organelle and membrane
disturbances) [7, 21-25]. Consequently, interrupted or delayed embryonic development,
embryonic fragmentation, apoptosis or health impairment during pregnancy can be observed
[21, 26-28]. ROS may originate either directly within gametes and embryos (by different
enzymatic mechanisms) or from the environment in which they are located [20]. In contrast,
the in vitro manipulation of gametes in embryos favours the generation of ROS, as it involves
the exposure of eggs and embryos to xenobiotics, disturbed concentrations of metabolic
substrates, traces of transitional elements, light and high oxygen concentrations [20].

Assuming that, in humans, physiological hypoxia also exists in the female genital

tract, these results from animal experiments have important implications for the clinical
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application of IVF/intracytoplasmic sperm injection (ICSI). As reported in animal
experiments, beneficial effects of reduced O, levels have also been observed in human studies
[28-32], including a greater rate of embryonic development up to the blastocyst stage, a faster
cleavage rate, an increased blastulation rate, an increase in the number of blastocyst cells and
in the number of cryopreserved blastocysts, and an increase in the proportion of high-quality
blastocysts. Regarding clinical outcomes, some studies have reported improvements in the
implantation rate, pregnancy rate, delivery and live births [21, 25, 31] with low O,
concentrations, compared with atmospheric concentrations. Conversely, other randomised
studies have failed to yield positive results, reporting no differences in the implantation and
pregnancy rates [29, 32-34]. Seeking to understand the influence of O, tension in oocyte and
embryo cultures, this meta-analysis aimed to evaluate the effect of a low-O, environment on

IVF/ICSI outcomes.
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Methods

Criteria for including studies in this meta-analysis

All available published and ongoing randomised controlled trials comparing the effect of low
(~5%; OC~5) and atmospheric (~20%; OC~20) oxygen concentrations on IVF/ICSI

outcomes were included. Frozen embryo replacement cycles were not included.

Outcome measures
The outcome measures used for this meta-analysis were fertilisation rate, implantation rate

and ongoing pregnancy rate (OPR) per transfer.

Identification of studies

Search strategies included online surveys of the MEDLINE, EMBASE, Science Citation
Index, Cochrane Controlled Trials Register and Ovid databases for publications in the years
1980 to 2011. There was no language restriction, and grey literature was included. The
following medical subject headings and text words were used: embryo culture,
preimplantation development, embryo development, low oxygen, oxygen concentration,
oxygen, gas atmosphere, IVF, ICSI, randomised study. The principal inclusion criterion was

a randomised controlled trial (RCT).

Search results
Among the 13 potentially relevant studies retrieved, a total of seven trials fulfilled the
inclusion criteria [25, 28-30, 32-34]. A flow diagram of the selection process is shown in Fig

1.
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Potentially relevant RCTs identified
and screened for retrieval (n=100)

RCTs excluded:

Non comparative studies of low oxygen
culture (n=69)

Animal studies (n=15)

Reviews (n=3)

A 4

RCTs retrieved for more detailed
evaluation (n=13)

RCTs excluded:
P No RCT (n=2)
retrospective sudies (n=2)

\ 4

Potentially appropriate RCTs to be
included in the meta-analysis (n=9)

RCTs excluded:
#{ Failed to get information from the
authors (n=2)

h 4

RCTs included in meta-analysis (n=7)

RCTs withdrawn, by outcome,
with reasons (n=0)

v

RCTs with usable information,
by outcome (n=7)

Figure 1. QUOROM statement flow diagram illustrating selection of trials included in the

meta-analysis. RCT: randomised controlled trial.
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Validity assessment and data extraction
Each trial was assessed independently by four reviewers (DBGS, JBAO, RB and JGF) and
ranked for its methodological rigor and its potential for the introduction of bias. Missing data

were obtained from the authors when possible.

Study descriptions
The main characteristics of the included trails are summarised in Table 1; below are brief

descriptions of each study.

Dumoulin et al., 1999 [29]: In this prospective randomised study of 1,380 consecutive IVF
treatments, the authors compared the results of culturing human oocytes and embryos for the
first 2 or 3 days of development in microdroplets of medium under oil, using a gas phase
containing either an atmospheric (~20% / 690 cycles) or a reduced (5% / 690 cycles) O,
concentration. No significant differences were found between the two groups, cultured under
5% or 20% O, in their rates of fertilisation (60 versus 61%, respectively), embryo
development at day 2 or 3, pregnancy (26.6 versus 25.4%, respectively), or implantation
(13.4 versus 14.0%, respectively). The culture of surplus embryos under 5% O, resulted in a
significantly higher mean incidence of blastocyst formation per cycle compared with the 20%
O, group (25.8+£2.0 versus 20.4%1.9, respectively). The mean number of embryos classified
as blastocysts by microscopic observation of a blastocoele was significantly higher in the 5%
O, group than in the 20% O, group, both in blastocysts fixed on day 5 (39.8+1.7 versus
31.9£1.9, respectively) and those fixed on day 6 (45.6+£2.6 versus 33.7+3.4, respectively).
The authors concluded that although culture under 5% O, led to slightly improved

preimplantation embryonic viability, this effect was either too marginal to result in higher
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pregnancy rates or low O; concentrations exert an effect during the later stages of

preimplantation development only.

Bahgeci et al., 2005 [34]: In this prospective randomised study, the authors tested the
hypothesis that ICSI outcomes can be improved by culturing human embryos in an
atmosphere of controlled O, concentration and compared 5% O, with 20%. From a total of
822 oocyte retrieval cycles, 712 resulted in embryo transfers, of which 255 were transferred
at day 2 and 457 were transferred at day 3. Of the 255 day 2 transfers, oocytes and embryos
from 118 cycles were incubated in 5% O, and 137 were in 20% O,. Of the 457 day 3
transfers, oocytes and embryos from 219 cycles were incubated in 5% O, and 238 in 20% O,.
The cycle characteristics and the embryology parameters were similar between groups. The
embryo qualities were similar with day 2 transfers; however, they were better with day 3
transfers incubated in 5% O, than in 20% O,. The clinical outcome parameters did not differ
between groups with respect to the O, concentration. The authors concluded that culture of
embryos under atmospheric O, concentration for the first 2 or 3 days did not alter the clinical

outcomes in ICSI cycles.

Kea et al., 2007 [33]: In this study, the effects of two standard oxygen concentrations,
physiological (5% O2, 5% CO,, and 90% N, / 49 patients) and atmospheric (5% CO, with the
balance air / 57 patients), on fertilisation, embryo development, and pregnancy rate were
compared in patients undergoing IVF. No significant differences were noted in the number
of patients, patient age, infertility procedures, total number of eggs, total number of 2PNs,
fertilisation rate, average number of embryos transferred, and pregnancy outcomes between

the groups receiving embryos cultured under the different gas phases. The embryo quality of
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the day 3 ET groups did show a significant difference between the gas phases (P=.0057),
implying improved embryo development under physiological conditions (5% O,). However,
the embryo quality in the day 5 ET groups showed no significant differences. Only 21% of
the patients in this study were eligible for blastocyst transfer. The percentage of patients who
had ET on day 5 was 20% in the physiological O, group and 21% in the atmospheric O,
group. In the patients eligible for blastocyst transfer, there were no significant differences
between the gas-phase groups in any of the parameters. The authors concluded that the
differences in oxygen concentration did not significantly affect the fertilisation rate,
blastocyst formation, or the pregnancy rate, but there was a significant difference in mean

embryo scores between the physiological and atmospheric groups on day 3.

Kovacic & Vlaisavljevi¢, 2008 [28]: Using sibling human oocytes, this prospective study
analysed the effects of 5% and 20% oxygen on the prolonged development of embryos. The
outcomes measured were fertilisation rate and the proportion of morphologically optimal
embryos, blastocysts and optimal blastocysts developed by day 5. The results were analysed
separately for the groups on IVF (n = 988 oocytes) and ICSI (n = 928 oocytes) cycles. It was
found that low oxygen did not influence fertilisation, but, in comparison with 20% oxygen, it
resulted in a significantly higher proportion of embryos being optimal on day 3 after IVF (59
versus 43.2%; P < 0.001) and after ICSI cycles (51.2 versus 28.5%; P < 0.001). For both
methods, the lower oxygen concentration improved the blastulation rate (73.2 versus 63.1%;
P < 0.05 and 67.4 versus 54.7%; P < 0.001) and increased the proportion of embryos
reaching the stage of expanded blastocyst with a normal inner cell mass on day 5 (31.1 versus

14.6%; P < 0.001 and 18.9 versus 11.4%; P < 0.01). The ratio of successful embryo
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development to optimal blastocyst stage on day 5 of culture calculated for the two oxygen

concentrations was 2.1 for IVF and 1.7 for ICSI, clearly favouring lower oxygen tension.

Ciray et al., 2009 [30]: This study was designed to test the hypothesis that physiologic
oxygen concentration improved blastocyst yield and quality in human embryo culture. A total
of 75 oocyte-retrieval cycles were studied, of which 74 resulted in embryo transfer. This
study was conducted with sibling oocytes in which human gametes and embryos were
cultured at physiologic conditions (6% CO, + 5% O, + 89% N, / 868 oocytes) from
insemination to day 6 or at atmospheric conditions (6% CO; in air / 860 oocytes) until day 3
and at physiologic conditions afterward. All oocytes in the control (atmospheric O,) and
study (5% O,) groups were subjected to ICSI. The results showed that physiologic oxygen
concentration throughout the culture period improved total blastocyst yield and embryo

quality at day 5 and day 3.

Meintjes et al., 2009 [25]: The objective of this study was to evaluate the effect of lowered
incubator O, tension on live birth rates in a predominately Day 5 embryo transfer program.
Two hundred and thirty first-cycle women undergoing routine IVF or ICSI with ejaculated
sperm were randomised in a prospective clinical trial and stratified by patient age and
physician. The patients embryos were randomly assigned for culture in either a 21% O
(atmospheric) or a 5% O, (reduced oxygen) environment. The clinical endpoints monitored
were the rates of implantation, clinical pregnancy, live birth and blastocyst cryopreservation.
The results showed that embryos cultured in a 5% O, environment consistently resulted in
higher rates of implantation (106/247, 42.9% versus 82/267, 30.7%; a difference of 12.2%

and a 95% confidence interval (Cl) of 3.9-20.3, P = 0.005) and live births (66/115, 57.4%
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versus 49/115, 42.6%; a difference of 14.8% with a 95% CI of 1.9 —27.0%, P = 0.043) when
compared with rates among women whose embryos were cultured in an atmospheric O,
environment. The authors concluded that the overall increase in live births reported by this
study indicates that the effort and expense of culturing embryos in a low-O; environment is

justified.

Kovacic et al., 2010 [32]: In this prospective randomised trial, the authors aimed to determine
whether embryo cultivation at different oxygen tensions had any effect on ICSI outcome. A
total of 647 patients were screened for eligibility, and all of them proceeded to randomisation.
In 326 patients, the oocytes were assigned to the 5% oxygen treatment (at 6% CO,, 5% O,
and 89% N) and the oocytes received the 20% oxygen treatment (6% CO, in air) for 321
patients. It was observed that although low oxygen resulted in a higher proportion of good
day 2 embryos and optimal blastocysts, the rates of ongoing pregnancy (31.6% vs. 27.1%)
and implantation (28.8% vs. 25.2%) were similar in both treatment groups. However, low
oxygen resulted in a higher cumulative pregnancy rate (38% vs. 28.3%) in the main group
(all patients) and a higher pregnancy rate in the poor-responder subgroup (23% vs. 9.8%),
with embryo transfers performed mostly on day 3. The authors concluded that the use of

reduced oxygen in IVF is reasonable, irrespective of the duration of embryo culture.

Statistical analysis

Data management and analysis were conducted using the StatsDirect statistical software
(Cheshire, UK). The fixed effect model was used for the odds ratio (OR), and the
effectiveness was evaluated by the Mantel-Haenszel method. A confidence interval (CI) was

calculated using the variance formula of Robins, Breslow and Greenland. A chi-squared test
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statistic was used with its associated probability that the pooled OR was equal to 1. The
measure of heterogeneity (non-combinability) was evaluated using Cochran’'s Q, the
Breslow-Day and I? (inconsistency) tests. A nonsignificant result (i.e., a lack of
heterogeneity) indicated that no trial had an OR significantly worse or better than the overall
common OR obtained by pooling the data. Because a fixed effects model was employed
herein, it is important to acknowledge that inferences refer only to the particular studies
included in the analysis. Meta-analysis used in this manner is simply a device to pool the
information from the various studies and so provide a composite finding, but this finding is

only for those studies. Because many of the preceding analyses contained only two or three

studies, we decided to derive the inferences from a fixed-effects model.
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Results

Fertilisation rate (Figure 2)

Six studies were included [25, 28, 30, 32-34]. The pooled fertilisation rates did not differ
significantly between the group of oocytes that was cultured at OC~5 (73%, 7,066/9,682) and
the group cultured at OC~20 (72.5%, 7,495/10,342) (P=0.54; OR=1.02, 95% CI1=0.96-1.09).
There was no heterogeneity in this comparison (Breslow-Day = 2.42, df = 5, P = 0.79;

Cochran’sQ =2.42,df =5, P =0.79; 12= 0%, 95% CI = 0% to 61%).

Figure 2. Fixed-effect model. Forest plot for fertilisation rate.
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Implantation rate (Figure 3)

Four studies were included [25, 29, 32, 34]. The pooled implantation rates did not differ
between the group of patients that received sets with only OC~5 embryos (22.1%, 768/3,468)
and the group receiving only OC~20 embryos (20.6%, 739/3,590) (P=0.06; OR=1.12, 95%
CI=1.00-1.26). There was heterogeneity in this comparison (Breslow-Day = 9.64, df = 3, P =
0.02; Cochran’s Q = 9.60, df = 3, P = 0.020; I* = 68.8%, 95% CI = 0% to 87.1%).

Similarly, when a meta-analysis was performed only with cycles in which embryos were
transferred on day 2 or 3 [25, 29, 32, 34], the implantation rates were not significantly
different between transferred sets with only OC~5 embryos (18.2%, 540/2,961) and sets with
only OC~20 embryos (18%, 557/3,085) (P=0.63; OR=1.04, 95% CI=0.91-1.18). There was
no heterogeneity in this comparison (Breslow-Day = 1.89, df=3, P = 0.59; Cochran’s Q =
1.89, df = 3, P = 0.59; 1°=0%, 95% Cl= 0%—67.9%).

However, when a meta-analysis was performed only with cycles in which embryos were
transferred at the blastocyst stage [25, 32], the implantation rates were significantly different
between transferred sets with only OC~5 embryos (45%, 228/507) and sets with only OC~20
embryos (36%, 182/505) (P=0.006; OR=1.44, 95% CIl=1.12-1.86). There was no
heterogeneity in this comparison (Breslow-Day = 2.38, df=1, P = 0.12; Cochran’s Q = 2.39,

df=1, P =0.12).
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Figure 3. Fixed-effect model. Forest plot for implantation rate. A: All cycles; B: Only cycles
in which embryos were transferred on day 2 or 3; C: Only cycles in which embryos were

transferred at the blastocyst stage.
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Ongoing pregnancy rate (OPR) per transfer (Figure 4)

Four studies were included [25, 29, 32, 34]. Concerning all cycles, the pooled OPR per
transfer did not differ between the group of patients that received sets with only OC~5
embryos (34.6%, 484/1,398) and the group receiving sets with only OC~20 embryos (31.6%,
450/1,423) (P=0.06; OR=1.18, 95% CI=1.00-1.38). There was no heterogeneity in this
comparison (Breslow-Day = 3.90, df = 3, P = 0.27; Cochran’s Q = 2.890, df = 3, P = 0.27; I
=23%, 95% CI=0% to 74.7%).

Similarly, in the subgroup of cycles in which embryos were transferred on day 2 or 3 [25, 29,
32, 34], the pooled OPR per transfer did not differ significantly between the group of patients
that received sets with only OC~5 embryos (31.1%, 349/1,121) and the group receiving sets
with only OC~20 embryos (29.2%, 338/1,159) (P=0.19; OR=1.13, 95% CI=0.94-1.36), a
comparison without heterogeneity (Breslow-Day = 3.12, df = 3, P = 0.37; Cochran’s Q= 3.09,
df =3, P = 0.37; 1 =3.1%, 95% CI= 0% to 68.9%).

Additionally, when meta-analysis was performed only with cycles in which embryos were
transferred at the blastocyst stage [25, 32], the OPR per transfer was again not significantly
different between transferred sets with only OC~5 embryos (48.7%; 135/277) and sets with
only OC~20 embryos (42.4%, 112/264) (P=0.19; OR=1.28, 95% CI=0.90-1.80). There was
no heterogeneity in this comparison (Breslow-Day = 0.70, df = 1, P = 0.39; Cochran’s Q =

0.70,df =1, P =0.39).
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Figure 4. Fixed-effect model. Ongoing pregnancy rates. A: All cycles; B: Only cycles in

which embryos were transferred on day 2 or 3; C: Only cycles in which embryos were
transferred at the blastocyst stage.

Discussion
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A review of the medical literature was directly motivated by the need to absorb the
increasing volume of published information. Meta-analysis seeks to answer a certain clinical
question using a well-defined strategy to locate relevant evidence, assess the available studies
using clear methodological criteria and formally summarise the results. This method consists
of an analytical approach in which different, independent studies are integrated and the
results combined into a single common result. Compared with narrative reviews, meta-
analysis has the great advantage of being less influenced by a reviewer’s persona opinion,
thus providing impartial conclusions. Additionally, all the results can easily be recalculated
and compared with the conclusions stated by the authors. Even when it does not produce
definitive conclusions about the usefulness of a treatment or technique, a meta-analysis may
indicate the need for further randomised studies on the subject. Furthermore, previous meta-
analyses allow the identification of the most important issues to be analysed in future
research studies. Based on positive results in animals, several RCTs evaluating the effects of
gamete and embryo cultures at low O, concentrations (~ 5%) on clinical outcomes have been
published, especially recently [25, 28-30, 32 - 34]; however, the conclusions of these studies
have not always been consistent. Therefore, given the clinical potential of this method, a
review of this subject was deemed useful.

As demonstrated in various animal models, laboratory results may not reflect the true
capacity of embryos [35]. Therefore, it has been suggested that a meta-analysis should be
patient oriented, i.e., the primary outcomes should be clinical results, which can be useful in
predicting a better outcome and/or a more advantageous cost/effectiveness ratio. In this meta-
analysis, embryonic culture at physiological O, concentrations displayed favourable effects
not only on the implantation rate for the subgroup of cycles in which the transfer was

performed at the blastocyst stage, but also there was trend for better results with ~5% O,
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concentration. Similar positive results excluded from this meta-analysis (e.g., data reported
by only one study or data presented in a way that made the calculations impossible) have
been reported by some RCTs (i.e., increases in biochemical [31, 33] and cumulative [32]
pregnancy rates and higher rates of live births [25]). In addition, other non-randomised
studies have also reported increased implantation [21] and pregnancy [21, 36, 37] rates. On
the basis of these data, it may seem attractive to consider low O, tension as a means to
improve clinical outcomes.

However, the majority of results obtained in this meta-analysis do not support this
approach. Despite the apparent positive trend with low O, levels, the results showed similar
rates of fertilisation, implantation (generally and in the subgroup with transfer at day 2 or 3),
and ongoing pregnancy. Hence, despite some positive results, it seems premature to
recommend the use of low O, tension for oocyte and embryo culture. To achieve a low
oxygen concentration, an incubator should have sensors for both CO, and O,; however, the
commonly used units only have sensors for CO,. In addition, nitrogen is initially used to
purge O, from the incubator. Thus, the cost of supplying these three gases is greater than that
for a typical incubator because each time the incubator is handled (i.e., when the door is
opened), the interior atmosphere must be re-equilibrated with a further injection of nitrogen
or a balanced mixture of gases to maintain a low O, concentration [38]. One option would be
exchanging the typical large incubators for low-volume units (e.g., benchtop incubators) that
use continuous gas flow [39, 40]. In either case, the decision to use low O, concentrations
implies, necessarily, changes in laboratory practices, with important economic repercussions.
Therefore, we believe that additional randomised controlled trials are still necessary before

evidence-based recommendations can be provided.
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Meta-analysis also presents problems such as the quality of the primary studies or the
form in which data are reported and the dependence on a sufficient number of eligible studies
to justify the statistical analysis. Methodological problems caused by clinical heterogeneity
and insufficient power (low sample size) make it difficult to draw inferences from the meta-
analysis. In this study, heterogeneity was found only for the general implantation rate, maybe
related to the fact that the calculations were carried out with the results of transfer of embryos
in cleavaged stage and in blastocyst stage together. No heterogeneity was found for the other
outcomes. This reflects the relative agreement among the trials regarding the studied
parameters and has particular importance when statistically significant outcomes were found.
Nevertheless, it should be stressed that tests of heterogeneity among studies have low power.
Therefore, where there is a non-significant test for heterogeneity among studies, it may be
that a relationship is present but remains undetected.

This meta-analysis failed to show any statistically significant differences in the most
clinical outcome: the ongoing pregnancy rate. This observation may be related to the small
cumulative sample size (i.e., insufficient power). With respect to the ongoing pregnancy
rates, based on the results obtained with OC~5 and OC~20 embryo sets in the general
population (34.6%, 31.6% and 484/1,398, 450/1,423, respectively), the subgroup with
transfers at day 2 or 3 (31.1%, 29.2% and 349/1,121, 338/1,159) and the subgroup with
transfers at the blastocyst stage (48.7%, 135/277 and 42.4%, 112/264), the ability to detect a
difference of 5% with a power of 80% would require approximately 4000, >4,000 and 2,000
patients, respectively, to reach definitive conclusions. Thus, for more consistent conclusions,
this meta-analysis suggests that researchers should wait for the results of new RCTs that
provide more information on clinical parameters. In addition, although smaller studies

conducted on diverse populations may better reflect the natural heterogeneity of treatment
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effectiveness as found in daily practice, large studies may produce a more precise answer.
Thus, further large-sample-size RCTs will be helpful for the corroboration of these results.

In many animal studies, the favourable effect of low oxygen concentrations was
detected only in the late stages of embryonic (the blastocyst stage) or even in fetal
development [6, 8-10, 12, 15, 16, 35, 41-44]. The continuous increase in the levels of ROS
such as superoxide (O;), hydrogen peroxide (H,O,) and hydroxyl radical HO in culture,
which is directly proportional to the O, tension, is one hypothesis explaining these
observations [20, 26, 31]. For this reason, the necessity of reducing oxygen levels has been
associated only with blastocyst culture. In fact, more recent studies evaluating the transfer of
human blastocysts have reported significantly better results with the use of low
concentrations of oxygen (increased embryo quality [25, 28, 30, 31] and higher implantation
[25], pregnancy and live birth [25, 31] rates). Unfortunately differences in embryonic
evaluation criteria and in the method of presenting the data among the studies precluded the
assessment of embryo quality in this meta-analysis. Although this meta-analysis identified
higher implantation rates in the group of embryos cultured at ~5% O, than those grown at
atmospheric O, levels, with respect to blastocyst transfer, it failed to identify any difference
in the rates of ongoing pregnancies. Thus, despite the studies suggesting a direct action on the
results, clinically relevant beneficial effects of low O, concentration were not confirmed.
However, it is important to note that we cannot rule out that these negative results may be
related to the small number of studies that met the inclusion criteria (only 2), leading to a
cumulative sample size insufficient to detect a statistical difference. Again, future controlled
trials will help to clarify this issue.

Considering that the likely harmful effects of atmospheric oxygen levels are mainly

associated with the blastocyst stage, if they occur, it would thus be acceptable to use ~20%
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oxygen in embryo cultures until day 2 or 3 [39]. However, it has been argued that deleterious
effects of high oxygen levels can have an effect on embryos during the early developmental
stages, despite the later onset of symptoms that occur during or subsequent to the blastocyst
stage, which may affect clinical outcomes [6, 25, 35, 39]. Recently, Nannasy et al. [45]
reported that human embryos cultured at ~20% oxygen concentration for days 1-2 and
subsequently at 5% oxygen for days 3-5 did not display better implantation, pregnancy, or
blastulation rates. The authors speculated that, among the possible explanations, embryos
cultured in low oxygen on days 3-5 may not be able to overcome defects induced during days
1-2 of culture in atmospheric oxygen. Nonetheless, human studies examining O, tensions
throughout the culture period and performing embryo transfers at day 2 or 3 [21, 25, 29, 32,
34] did not identify, in most cases, beneficial clinical outcomes associated with reduced
oxygen levels, and these data were confirmed by the calculations of this meta-analysis.
Future controlled trials will help to clarify this issue and should include results from later
clinical stages, such as live birth rate, in the analysis.

In conclusion, the findings of this meta-analysis demonstrate that, despite some
promising results, it seems premature to recommend the use of low O, tension for oocyte and
embryo culture. Additional randomised controlled trials are still necessary before evidence-

based recommendations can be provided.
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