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A foliculogênese é um complexo processo que envolve a interação 

entre o clássico eixo hipotalâmico hipofisário gonadal e outros fatores intra- 

e extra- ovarianos. Durante este processo, folículos ovarianos iniciam o 

processo de desenvolvimento e tornam-se maduros para a ovulação e 

liberação de oócitos aptos à fertilização (van den Hurk and Zhao 2005). 

Ao nascimento, ovários humanos contem inúmeros folículos 

primordiais, os quais consistem de um oócito inativo, com seu 

desenvolvimento nuclear bloqueado na prófase da primeira divisão 

meiótica, rodeado por uma única camada de células da granulosa (Juengel 

et al. 2002). Os folículos permanecem nesta fase, considerada quiescente 

por um período de tempo que varia de folículo para folículo até que 

gradativamente, folículos primordiais são ativados iniciando o processo de 

desenvolvimento (Fortune 2003).  

Ainda que não tenha sido totalmente elucidado, acredita-se que o 

desenvolvimento folicular inicial seja controlado por fatores autócrinos e 

parácrinos de origem ovariana, independentemente da ação de 

gonadotrofinas (Webb et al. 2004, Dissen et al. 2009). O desenvolvimento 

folicular final, por outro lado depende de um preciso controle das 

gonadotrofinas hipofisárias (Gougeon 2010). Esta fase da foliculogênese 

ocorre em um padrão de ondas de desenvolvimento folicular, nas quais, um 

grupo de 4 a 14 folículos, em média com 5 mm de diâmetro, são recrutados 

em resposta a um aumento sérico nos níveis do hormônio folículo 

estimulante (FSH)(Miro and Aspinall 2005). 
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O nível sérico do FSH continua a aumentar até que, em reposta a 

um efeito feedback negativo a partir de produtos do ovário (estradiol e 

inibina), começa a declinar(Adams et al. 2008).   

Com a queda no nível do FSH, apenas folículos que adquirem 

capacidade de responder ao hormônio luteinizante (LH) são capazes de 

manter o desenvolvimento, evitar a atresia e eventualmente atingir à 

ovulação (Adams et al. 1992, Ginther et al. 2001). 

Desde o primeiro relato de sucesso de gestação após o uso da 

Fertilização in vitro (FIV), o estímulo ovariano controlado (EOC) é 

considerado uma etapa essencial nas técnicas de reprodução assistida 

(TRA), induzindo o recrutamento e o desenvolvimento de múltiplos folículos 

ovulatórios, permitindo a recuperação de diversos oócitos, o que aumenta 

as chance de gestação(Fauser and Devroey 2003).  

O principal hormônio usado durante o EOC é o FSH (Bentov et al. 

2012). Com o passar dos anos, muitos progressos foram realizados no 

manejo do EOC e uma vez que foi demonstrado que, conforme se 

desenvolvem e adquirem receptores de LH, folículos antrais não dependem 

exclusivamente do FSH (Sullivan et al. 1999), diversos estudos têm sido 

realizados com o intuito de investigar o papel do LH durante o EOC. 

Além disso, os hormônios utilizados durante o EOC, especialmente o 

FSH, são extremamente dispendiosos (Verberg et al. 2009) e o 

desenvolvimento de protocolos menos custosos, por meio da redução da 

dose do FSH seria altamente vantajoso.  

Sendo assim, protocolos inovadores, baseados na administração do 

FSH durante o desenvolvimento folicular inicial, seguida da adição de 
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microdoses de gonadotrofina coriônica humana (hCG), a qual tem atividade 

LH, foram estudados  (Filicori et al. 1999, Filicori and Cognigni 2001, Filicori 

et al. 2002, Filicori et al. 2002, Filicori et al. 2005).  

Diversos estudos demonstraram que a adição de hCG nos estágios 

tardios do EOC é capaz de manter o desenvolvimento folicular (Thompson 

et al. 1995, Fauser and Van Heusden 1997, Filicori et al. 1999, Filicori et al. 

1999, Sullivan et al. 1999, Filicori and Cognigni 2001, Filicori et al. 2001, 

Filicori et al. 2002, Filicori et al. 2002, Filicori et al. 2005, Cavagna et al. 

2010) e resultar em gestações(Koichi et al. 2006, Serafini et al. 2006, 

Cavagna et al. 2010). Ademais, tais protocolos foram capazes de diminuir a 

dose do FSH e consequentemente o custo do tratamento (Filicori et al. 

2002, Maldonado et al. 2013).  

Porém, apesar das diversas evidências de que o LH é capaz de 

manter o desenvolvimento folicular e o sucesso das TRAs com um menor 

custo, ainda não se sabe ao certo se a suplementação com microdoses de 

hCG nos estágios tardios do EOC está associada à melhor qualidade 

oocitária e embrionária. 
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Objetivo geral 
 

 O presente estudo teve como objetivo avaliar os resultados 

clínico-laboratoriais de ciclos de injeção intracitoplasmática de 

espermatozoides (ICSI) quando o EOC foi realizado utilizando-se FSH 

recombinante associado ou não àmicrodose de hCG na fase folicular 

tardia. 

 

Objetivos específicos 
 

 As seguintes variáveis clínico-laboratoriais foram comparadas 

quando utilizou-se ou não microdose de hCG na fase folicular tardia do 

EOC: 

 

(i) Resposta ovariana; 

(ii) Incidência de síndrome do hiperestímulo ovariano (SHO); 

(iii) Qualidade oocitária; 

(iv) Qualidade embrionária no terceiro dia de desenvolvimento; 

(v) Taxa de formação de blastocisto; 

(vi) Taxa de gestação clínica; 

(vii) Taxa de implantação; 

(viii) Taxa de aborto; 

(ix) Dose total de FSH utilizada para o EOC; 

(x) Custo do estímulo ovariano. 
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3.1 Pacientes 
 
O presente estudo de coorte retrospectivo avaliou os resultados 

clínicos laboratoriais de 330 pacientes submetidas a ciclos de ICSI, entre 

maio de 2007 e maio de 2012, em um centro privado de reprodução 

assistida. As pacientes foram alocadas em dois grupos de acordo com o 

protocolo de EOC: Grupo Controle (n = 178), e o grupo microdose de hCG 

(n = 152). 

Em ambos os grupo o bloqueio hipofisário foi obtido através da 

administração de antagonista do hormônio liberador das gonadotrofinas 

(aGnRH). Para o estímulo ovariano, no grupo controle utilizou-se 

exclusivamente o FSH recombinante e no grupo microdose de hCG além 

do FSH recombinante, as pacientes receberam microdose de hCG na 

fase folicular tardia.Os resultados clínico-laboratoriais e o custo do 

estímulo ovariano foram comparados entre os grupos. 

 

Critérios de inclusão 

 Foram incluídos no estudo ciclos de pacientes que apresentaram 

os seguintes critérios: 

 

• Idade inferior a 36 anos; 

• Índice de Massa Corpórea (IMC) inferior a 30; calculado de 

acordo com a seguinte fórmula: peso do corpo (kg) / altura x altura (m2); 

• Ausência de anomalia pélvica e/ou uterina clinicamente 

significativa; 
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• FSH sérico basal inferior a 10 UI/L; 

• Cariótipo normal do casal; 

• Sorologias negativas para HIV, HTLV, sífilis, hepatite B e 

hepatite C. 

 

Critérios de exclusão  

 Os seguintes critérios foram considerados para a exclusão dos 

ciclos do estudo:  

 

• Presença de doença sistêmica significativa; 

• Presença de endometriose grau III ou IV; 

• Presença de hidrossalpinge com indicação cirúrgica; 

• Ausência de um dos ovários ou cirurgia ovariana prévia; 

• Tratamentos oncológicos prévios  

 

Termo de consentimento livre e esclarecido e ética em pesquisa 

 Todas as pacientes incluídas no estudoassinaram, previamente 

ao início do tratamento proposto, o Termo de Consentimento Livre e 

Esclarecido (TCLE, APÊNDICE 1) concordando com os procedimentos a 

serem realizados, conforme estabelecido pelas normas éticas para 

utilização das técnicas de reprodução assistida (CFM 1992; CNS 1996). O 

estudo foi aprovado pelo Comitê de Ética em Pesquisa da Santa Casa de 

Misericórdia de São Paulo (APÊNDICE 2) . 
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3.2 Protocolos de estimulação ovariana controlada 
 

Grupo controle 

Para os pacientes do grupo controle, a partir do terceiro dia do ciclo 

doses diárias de 225 UI de FSH recombinante foram administradas. 

Quando pelo menos dois folículos com diâmetro ≥14 mm foram 

visualizados por ultrassonografia, as pacientes receberam doses diárias 

de 0,25 mg de acetato de cetrorelix (aGnRH, Cetrotide©, Merck KGaA, 

Darmstadt, Alemanha), por via subcutânea. Ambos os medicamentos 

foram mantidos até o momento da indução da maturação folicular final. 

 

Grupo microdose hCG 

Para pacientes do Grupo microdose de hCG, a partir do terceiro dia 

do ciclo, doses diárias de 225 UI de FSH recombinante foram 

administradas por três dias, quando então foram reduzidas para 150 UI. 

Na presença de ao menos dois folículos com diâmetro ≥14 mm, 

visualizados por ultrassonografia, as pacientes receberam doses diárias 

de 0,25 mg de acetato de cetrorelix. Um dia após o início da terapia com 

antagonista, a dose de FSH recombinante foi reduzida para 75 UI e 

microdoses de hCG recombinante (200 UI) foram administradas 

concomitantemente por dois dias, quando o tratamento com FSH 

recombinante foi interrompido e a administração do aGnRH e microdose 

de hCG foi mantida até o momento da indução da maturação folicular 

final. 
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Para a obtenção da microdose de hCG, uma ampola de 250 µg de 

hCG recombinante (Ovidrel®, Merck KGaA, Darmstadt, Alemanha) foi 

diluída  

 

Indução da maturação folicular final 

Para ambos os grupos, a estimulação ovariana foi acompanhada 

por dosagens séricas de estradiol (E2, pg/mL) e ultrassonografias 

pélvicas por via transvaginal seriadas, sendo os dados obtidos utilizados 

para definir o momento da indução da maturação folicular final. Sendo 

assim quando ao menos três folículos atingiram o diâmetro ≥ 17 mm, 250 

µg de hCG recombinante (Ovidrel®, Merck KGaA, Darmstadt, Alemanha) 

foi administrada por via subcutânea.  

A recuperação oocitária foi realizada 34 a 36 horas após a 

administração do hCG recombinante por meio de aspiração folicular 

transvaginal guiada por ultrassom, sendo a paciente submetida à sedação. 

 
3.3  Recuperação e classificação oocitária 
 

 Após a recuperação, os oócitos foram incubados em meio de 

cultura (Global® for Fertilization, LifeGlobalGroup, Connecticut, EUA) 

suplementado em 10% (Proteinsupplement, LifeGlobalGroup, 

Connecticut, EUA) e coberto por óleo mineral (ParafinOil, 

LifeGlobalGroup, Connecticut, EUA) por 4 horas em atmosfera controlada 

a 37ºC e 7,5% de CO2.  As células do complexo cúmulus-corona foram 

removidas por exposição durante 30s ao meio tamponado com HEPES 

contendo 80UI/mL da enzima hialuronidase (Hyaluronidase, Irvine 
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Scientific, California, USA). Posteriormente, as células restantes foram 

cuidadosamente removidas por denudação mecânica usando pipetas 

Pasteur de vidro manualmente afiladas. Os oócitos denudados foram 

então avaliados em estereomicroscópio quanto ao seu grau de maturação 

nuclear. Oócitos que apresentaram a extrusão do primeiro corpúsculo 

polar foram classificados em Metáfase II (MII) e submetidos à ICSI. 

A morfologia oocitária foi avaliada anteriormente à ICSI por meio de 

um microscópio invertido (Eclipse TE 300; Nikon®, Tóquio, Japão) com 

um sistema de contraste de modulação Hoffman sob uma ampliação de 

400 vezes. Os seguintes dismorfismos oocitários foram avaliados: (i) 

granularidade citoplasmática, (ii) vacúolos intracitoplasmáticos, (iii) 

agregados do retículo endoplasmático liso, (iv) espaço perivitelino 

aumentado, (v) granulosidade no espaço perivitelino, (vi) corpúsculo polar 

fragmentado, (vii) anormalidades na zona pelúcida e (viii) alterações de 

forma. 

 

3.4 Injeção intracitoplasmática de espermatozoide (ICSI) 
 

Para a ICSI, os oócitos foram dispostos individualmente em gotas 

de 4µL de meio tamponado (Global® w/HEPES, LifeGlobalGroup, 

Connecticut, USA), e a amostra seminal adequadamente processada foi 

adicionada em gotas centrais de solução de 10% polivinilpirrolidona (PVP) 

em meio tamponado com HEPES contendo albumina sérica humana 

(HSA) (Polyvinylpyrrolidone (PVP) Solution with HSA, Irvine Scientific, 

California, USA), cobertas com  óleo mineral (ParafinOil, LifeGlobal, 

Connecticut, USA). Após a injeção, os oócitos foram cultivados 
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individualmente em microgotas de 50µL de meio de cultivo embrionário 

(Global®, LifeGlobalGroup, Connecticut, EUA) suplementado em 10% 

(Protein supplement, LifeGlobalGroup, Connecticut, EUA) e coberto por 

óleo mineral (ParafinOil, LifeGlobalGroup, Connecticut, EUA) em 

atmosfera controlada a 37ºC e 7,5% de CO2 até o dia terceiro do 

desenvolvimento embrionário. Neste dia, após avaliação da morfologia 

embrionária, o meio de cultivo foi renovado e os embriões foram mantidos 

atmosfera controlada a 37ºC, 7,5% de CO2 e 7% de O2 até o momento 

da transferência embrionária. 

 

 

3.5 Avaliação da morfologia embrionária e transferência de 

embriões 

 

A morfologia do embrião foi avaliada na fase de zigoto (16-18 h 

pós-ICSI) e nas manhãs dos dias dois, três e cinco do desenvolvimento 

através de microscópio invertido (Eclipse TE 300; Nikon, Tokyo, Japão) 

com um sistema Hoffmann de contraste de modulação sob aumento de 

400 vezes. 

Para avaliar a morfologia da fase de clivagem, foram avaliados os 

seguintes parâmetros: número de blastômeros, percentagem de 

fragmentação, simetria de blastômeros, presença de multinucleação e 

defeitos na zona pelúcida e no citoplasma. Os embriões de boa qualidade 

em estágio de clivagem foram definidos como aqueles apresentando as 

seguintes características: quatro células no segundo dia ou de oito a dez 



 

 

14 

 

células no terceiro dia, <15% de fragmentação, blastômeros simétricos, 

ausência de multinucleação, citoplasma incolor com moderada 

granulação e sem inclusões, ausência de granularidade no espaço 

perivitelino e a ausência dedismorfismos emzona pelúcida.  

Para a avaliação da morfologia do blastocisto, foi atribuída uma 

pontuação numérica de um a seis com base no seu grau de expansão e 

eclosão: 1-blastocisto inicial, com a blastoceleocupando menos da 

metade do volume do embrião; 2-blastocisto jovem, com a 

blastoceleocupando mais da metade do volume do embrião; 3- blastocisto 

completo com blastoceleocupando completamente o embrião; 4- um 

blastocisto expandido; 5-blastocisto eclodindo e 6- blastocisto eclodido. 

Embriões apresentando pontuações de três a seis foram considerados 

blastocistos completos.  

Todas as transferências de embriões foram realizadas pelo mesmo 

ginecologista, no quinto dia do desenvolvimento do embrião, usando um 

cateter flexívelcom orientação transabdominal. Até três embriões foram 

transferidos por paciente. 

 

3.6 Suporte da fase lútea 

O suporte da fase lútea foi realizado pela administração vaginal de 

600 mg de progesterona micronizada (Utrogestan®; Farmoquímica, Rio 

de Janeiro, Brasil), começando um dia após a recuperação oocitária, 

sendo mantido por até 12 semanas de gestação. 
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3.7 Acompanhamento clínico 

No intervalo de 10 dias após a transferência embrionária foi 

realizada a dosagem quantitativa dos níveis séricos da subunidadebetada 

gonadotrofinacoriônica humana (β-hCG), indicativo de gestação positiva. 

A gestação clínica foi definida por meio da detecção de saco gestacional 

e de batimento cardíaco fetal em ultrassonografia pélvica transvaginal 

realizada de 3 a 4 semanas após a transferência embrionária. A taxa de 

implantação foi definida pelo número de sacos gestacionais que 

apresentaram batimento cardíaco dividido pelo número total de embriões 

transferidos. O aborto foi definido como a perda da gravidez antes de 20 

semanas. 

A taxa de SHO moderado /grave foi definida por diagnóstico clínico 

através de sinais e sintomas como distensão e dor abdominal, náusea, 

vômito, diarreia, dispneia, acúmulo de líquido em cavidade 

abdominal/pélvica e aumento do volume ovariano e/ou estradiol sérico > 

5000 pg/dl, e presença de 20 ou mais folículos no dia daindução da 

maturação folicular final. Nos casos de SHO moderado /grave, todos os 

embriões foram criopreservados e a transferência foi realizada 

posteriormente, após preparo endometrial(Humaidan et al. 2010). 

 

3.8 Análise estatística 

O cálculo do tamanho da amostra foi baseado nasuposição de que 

uma diferença de 15% na taxa de implantação significaria uma diferença 

clinicamente significativa. Sendo assim, para atingir esta diferença, seriam 
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necessários pelo menos 33 ciclos em cada grupo de tratamento com um 

nível de significância de 5% e poder de 85%. 

Os grupos foram comparados em relação às características 

demográficas, à resposta ao EOC, aos resultados clínico-laboratoriais de 

ICSI, e aos custos da dose total de gonadotropina administrada.Os custos 

foram calculados por unidade de FSH utilizada para cada estimulo 

durante o período do estudo. 

Os dados foram expressos como média ± desvio padrão para 

variáveis contínuas, enquanto percentagens foram utilizadas para as 

variáveis categóricas. Os valores médios foram comparados pelo teste 

paramétrico t de Student ou o teste não-paramétrico de Mann-Whitney. 

Os percentuais foram comparados pelo teste de Qui-quadrado ou exato 

de Fisher, somente quando a frequência esperada era cinco ou menor. 

Análises de regressão logística foram realizadas para avaliar a 

influência do protocolo de EOCnosdismorfismos oocitários, qualidade 

embrionária e formação de blastocisto. Todas as 

regressõesforamajustadas para idade materna, uma vez que esta variável 

é considerada um potencial fator de confusão na associação entre o 

protocolo de EOC eas variáveis-resposta. Os resultados foram expressos 

como odds ratio (OR), intervalos de confiança de 95% (IC) e os valores de 

P. 

Os resultados foram considerados ao nível crítico de 5% de 

significância (P<0,05). A análise dos dados foi realizada utilizando o 

programa estatístico Minitab (Minitab Inc, versão 16, Pensilvania, EUA). 
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São Paulo, Apr 3rd, 2015 
 
 
Prof. David F. Albertini 
Editor-in-Chief 
Journal of Assisted Reproduction and Genetics 
 
 
I hereby submit online the manuscript entitled “Concomitant use of 

FSH and low-dose recombinant hCG during the late follicular phase 
versus conventional controlled ovarian stimulation for 
intracytoplasmic sperm injection cycles”. I hope you will consider it for 
publication in "Journal of Assisted Reproduction and Genetics".  

 
We believe that this study may add to the general knowledge of 

science, since it discusses an important issue in field of assisted 
reproduction, which is the supplementation with recombinant hCG for 
controlled ovarian stimulation. Our results demonstrated that this approach 
do not reduce the pregnancy and implantation chances. On the other side, 
laboratory parameters were improved and it resulted in reduced abortion 
rate. 

 
Conflicts of interests do not apply in the present case. The institution 

that sponsored this project is non-profit funding organizations in Brazil. No 
commercial sponsor was involved. The authors had full control of all primary 
data and agree to allow your Journal to review it if requested.   

 
As cited in the methods section, the authors of the present study 

declare that the experiment was conducted in accordance with the 
Declaration of Helsinki, that all procedures were carried out with the 
adequate understanding and written consent of the subjects, and that 
formal approval to conduct the experiments described was obtained from 
the human subjects review board of their institution and could be provided 
upon request  

 
If you should have any additional questions, please do not hesitate to 

contact me. 
 
Sincerely, 
 
 
 
Carla Andrade Rebello Iaconelli 
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ABSTRACT 

Purpose: To investigate the effects of low-dose hCG supplementation on (i) 
oocyte quality, (ii) embryo quality, (iii) ICSI cycles’ outcome and (iv) treatment 
costs in patients undergoing ART.  
Methods: This Retrospective cohort trial, conducted in a private assisted 
reproduction center enrolled 330 patients undergoing ICSI cycles, split into 
groups according to the controlled ovarian stimulation (COS) protocol: the 
Control Group (n=178), which included patients undergoing conventional COS 
protocol and the Low-Dose hCG Group (n=152), which included patients 
undergoing COS with low-dose hCG supplementation. Groups were compared 
regarding laboratory and clinical outcomes and the cost of treatment. 
Result(s): A lower mean total dose of FSH administered (1,434 IU ± 277 vs. 
2,051 IU ± 472, p<0.001) and higher mean estradiol level (2,767 pg/ml ± 1,830 
vs. 1,310 pg/ml ± 1,017, p<0.001) and mature oocyte rate (78.9% vs. 72.8%, 
p=0.004) were observed in Low-Dose hCG Group. Significantly higher 
fertilization rate (79.1% vs. 70.9%, p<0.001), high-quality embryos rate (78.8% 
vs. 58.2%, p=0.007) and blastocyst formation rate (32.7% vs. 23.6%, p<0.001) 
were observed in the Low-Dose hCG Group compared to Control Group. 
Miscarriage rate was significantly higher in the Control Group compared to the 
Low-Dose hCG Group (17.1% vs. 4.7%, p=0.022). A significant lower incidence 
of OHSS was observed in the Low-Dose hCG group (1.3% vs. 6.7%, 
p=0.025).Additionally, a significant lower rate of oocytes presenting 
intracytoplasmic dysmorphisms was observed in the Low-Dose hCG Group 
(0.9% vs. 5.3%, p<0.001, OR: 0.17, CI: 0.07–0.43, p<0.001). A significant lower 
gonadotropin cost in the Low-Dose hCG Group as compared to the Control 
Group ($ 1,235.0 ± 239.0 x $ 1,763.0 ± 405.3, p<0,001). 
Conclusion(s): Concomitant use of low-dose hCG and FSH do not reduce the 
pregnancy and implantation chance. Moreover, it results in reduced abortion 
rate and increased number of mature oocytes retrieved, oocyte quality, embryo 
quality and blastocyst formation, expending less FSH. 

 

Key words: Low-dose hCG, FSH, controlled ovarian stimulation, GnRH 
antagonist 
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INTRODUCTION 

 

Subfertility, which affects up to 15% of women of reproductive age [1], 

has been usually treated with assisted reproductive techniques (ART). Since 

the advent of in vitro fertilization (IVF), controlled ovarian stimulation (COS) has 

been an essential step of ART, inducing the recruitment and development of 

multiple follicles and enabling the retrieval of many oocytes in order to improve 

the pregnancy chance, either through conventional IVF or intracytoplasmic 

sperm injection (ICSI) [2].  

The most important hormone in the stimulation of ovarian folliculogenesis 

is follicle-stimulating hormone (FSH) [3], thus the main agents used in COS are 

gonadotropin preparations. Preparations initially used were human menopausal 

gonadotropin (hMG), followed by purified urinary FSH and more recently 

recombinant FSH and recombinant luteinizing hormone (LH). These 

preparations are administered in association with gonadotropin-releasing 

hormone (GnRH) agonists or antagonists to prevent premature LH surge [4]. 

Over the past decades, significant progress has been achieved in the 

management of COS. Because ovarian response to COS varies substantially 

among patients, researchers have been driven to investigate the factors that 

might be implicated [5]. Moreover, several studies have been performed in 

order to improve safety, effectiveness, and treatment cost in patients 

undergoing ART [3, 6]. 

Regarding COS financial perspective, it is well-known that gonadotropin 

preparations are fairly expensive [7]. Therefore, a less-costly ART treatment 

can be obtained through the reduction of administered FSH. An innovative COS 
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protocol, based on sequential FSH administration during early follicle 

development and followed by the addition of low-dose hCG in late 

folliculogenesis, was introduced [8-12]. Because the granulosa cells begin to 

express LH receptors after the initial FSH-induced follicular growth [13, 14], LH 

or hCG could replace FSH in late folliculogenesis to complete COS. 

Several investigations have demonstrated that adding LH activity, 

through the administration of low-dose hCG (50–200 IU) in the late stages of 

COS, supported full follicle development [8-12, 15-20] and successful 

pregnancies [21, 22]. Additionally, it has shortened stimulation interval, and 

significantly reduced FSH requirement and treatment cost have been observed 

[6, 23].  

Despite there is some evidence that LH activity may be useful to sustain 

ART cycles’ outcome at a reduced cost, it is unknown whether the 

supplementation with low-dose hCG in the late stages of COS is associated 

with improved oocyte quality and embryo development. The objective of this 

study was to investigate the effects of low-dose hCG supplementation on (i) 

oocyte quality, (ii) embryo quality, (iii) ICSI cycles’ outcome and (iv) treatment 

costs in patients undergoing ART.  

  

 

MATERIAL AND METHODS 

 

Study Design 

This retrospective cohort trial enrolled 330 patients undergoing ICSI 

cycles in a private assisted reproduction center between May 2007 and May 
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2012.  The patients were split into groups according to the COS protocol: the 

Control Group (n=178), which included patients undergoing conventional COS 

and the Low-Dose hCG Group (n=152), which included patients undergoing 

COS with low-dose hCG supplementation. Groups were compared regarding 

laboratory and clinical outcomes and the cost of treatment.  

To be selected for the present study, patients had to meet the inclusion 

criteria as follows: (i) age < 36 years old; (ii) body mass index (BMI) ≥ 20 and < 

30; (iii) presence of both ovaries and intact uterus; (iv) basal FSH < 10 mIU/mL; 

(v) normal karyotype for both male and female partners; absence of 

endometriosis III and IV; (vi) absence of hydrosalpinx; (vii) absence of previous 

oncological treatments; (viii) absence of important systemic disease; and (ix) 

negative result in a screening for sexually transmitted diseases. 

A written informed consent was obtained in which patients agreed to 

share the outcomes of their own cycles for research purposes, and the study 

was approved by the local institutional review board. 

 

Controlled ovarian stimulation protocols 

Controlled ovarian stimulation was achieved by pituitary blockage using a 

GnRH antagonist (Cetrotide, Serono, Geneva, Switzerland), and ovarian 

stimulation was performed using either exclusively recombinant FSH (Gonal-F; 

Serono, Geneva, Switzerland) or recombinant FSH associated with of 

recombinant hCG (Ovidrel®, Serono, Geneva, Switzerland).  

For patients in the Control Group, COS was performed as follows: On 

day three of the cycle, ovarian stimulation was commenced with 225 IU of 

recombinant FSH on a daily basis until the day of ovulation trigger. When at 
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least two follicles ≥14 mm were visualized under ultrasound, patients received 

0.25 mg cetrorelix acetate as a GnRH antagonist subcutaneously (SC), until the 

day of ovulation trigger. 

Patients in the Low-Dose hCG Group received 225 IU of recombinant 

FSH on day three on a daily basis (day 1 of ovarian stimulation = S1), for three 

days. On S4, the recombinant FSH dose was reduced to 150 IU until the 

visualization of at least two follicles ≥14 mm, at which time, we began the 

administration of cetrorelix acetate 0.25 mg subcutaneously (SC). The day after 

beginning the antagonist therapy, the recombinant FSH dose was reduced to 75 

IU and the concomitant SC administration of the recombinant low-dose hCG 

(7.7 µg, equivalent to 200 IU hCG), which was obtained via the dilution of one 

ampoule of 250 µg of r-hCG (Ovidrel®; EMD Serono, Inc, Rockland, MA, USA), 

was initiated and continued for 2 days. After that, the recombinant hCG and 

GnRH antagonist were administered until the day of ovulation trigger (Figure 1). 

  



 

 

 

Figure 1. Controlled ovarian stimulation protocol using recombinant FSH 

concomitantly with recombinant low

 

The following steps of the treatment are the same for both treatment 

regimens: When three or more follicles attain a mean diameter of 

hCG 250 µg was administered SC. Oocyte retrieval was performed 36 hours 

later, through transvaginal ultrasonograp
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Controlled ovarian stimulation protocol using recombinant FSH 

The following steps of the treatment are the same for both treatment 

regimens: When three or more follicles attain a mean diameter of ≥ 17 mm, 

hCG 250 µg was administered SC. Oocyte retrieval was performed 36 hours 

culture medium (Global® for 

, LifeGlobal, Connecticut, USA) supplemented with 10% protein 
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supplement (LGPS, LifeGlobal, Connecticut, USA) and covered with paraffin oil 

(Paraffin oil P.G., LifeGlobal, Connecticut, USA) for two to three hours before 

the removal of cumulus cells.  The surrounding cumulus cells were removed 

after exposure to a HEPES-buffered medium containing hyaluronidase (80 

IU/mL, LifeGlobal, Connecticut, USA). The remaining cumulus cells were 

mechanically removed by gently pipetting with a hand-drawn Pasteur pipette 

(Humagen Fertility Diagnostics, Charlottesville, USA). 

Oocyte morphology was assessed just before sperm injection (4 hours 

after retrieval) using an inverted Nikon Diaphot microscope (Eclipse TE 300; 

Nikon®, Tokyo, Japan) with a Hoffmann modulation contrast system under 

400X magnification. The following oocyte dysmorphisms were recorded: (i) 

cytoplasmic granularity, (ii) vacuoles in the ooplasm, (iii) smooth endoplasmic 

reticulum clusters (sERC) in the ooplasm, (iv) large perivitelline space (PVS), 

(v) PVS granularity, (vi) fragmented polar body (PB), (vii) zonapellucida (ZP) 

abnormalities and (viii) oocyte shape abnormalities.  

Oocytes that had released the first polar body were considered mature 

and were used for ICSI.  

 

Intracytoplasmic sperm injection 

Intracytoplasmic sperm injection was performed in a micro-injection dish 

prepared with 4 µL droplets of buffered medium (Global® w/HEPES, LifeGlobal, 

Connecticut, USA) and covered with paraffin oil on the heated stage of an 

inverted microscope (37.0 ± 0.5°C). Approximately 16 hours after ICSI, 

fertilization was confirmed by the presence of two pronuclei and the extrusion of 

the second polar body.  Embryos were maintained in a 50 µL drop of culture 
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medium (Global®, LifeGlobal, Connecticut, USA) supplemented with 10% 

protein supplement and covered with paraffin oil in a humidified atmosphere 

under 6% CO2 at 37ºC for three days.  

 

Embryo morphology evaluation and embryo transfer 

Embryo morphology was assessed at zygote stage (16-18 h post-ICSI) 

and on the mornings of days two, three and five of embryo development using 

an inverted Nikon Diaphot microscope (Eclipse TE 300; Nikon, Tokyo, Japan) 

with a Hoffmann modulation contrast system under 400X magnification.  

Immediately before embryo transfer the embryo morphology was also 

assessed. 

To evaluate the cleavage-stage morphology, the following parameters 

were recorded: the number of blastomeres, the percentage of fragmentation, 

the variation in blastomere symmetry, the presence of multinucleation and 

defects in the zonapellucida and cytoplasm. The high-quality cleavage-stage 

embryos were defined as those with all of the following characteristics: 4 cells 

on day two or 8−10 cells on day three, <15% fragmentation, symmetric 

blastomeres, the absence of multinucleation, colourless cytoplasm with 

moderate granulation and no inclusions, the absence of perivitelline space 

granularity and the absence of zona pellucida dysmorphisms. Embryos lacking 

any of these characteristics were considered to be of low quality. 

To evaluate the blastocyst, embryos were given a numerical score from 

one to six based on their degree of expansion and hatching status, as follows: 

1, an early blastocyst with a blastocoel that is less than half the volume of the 

embryo; 2, a blastocyst with a blastocoel that is greater than half the volume of 
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the embryo; 3, a full blastocyst with a blastocoel that completely fills the 

embryo; 4, an expanded blastocyst; 5, a hatching blastocyst; and 6, a hatched 

blastocyst. Full blastocyst, expanded blastocyst, hatching blastocyst and 

hatched blastocyst were considered those that reached the blastocyst stage. 

All the embryo transfers were performed by the same gynecologist, on 

blastocyst-stage, by using a soft catheter with transabdominal ultrasound 

guidance. Up to three embryos were transferred per patient. 

 

Luteal phase support 

The luteal phase support was supplemented with a vaginal administration 

of 200 mg of micronized progesterone (Utrogestan®; Farmoquímica, Rio de 

Janeiro, Brazil), three times a day,  starting one day after oocyte retrieval and 

continued until 12 weeks of gestation in the presence of a positive hCG test.    

 

Clinical Follow-up 

A pregnancy test was performed 10 days after embryo transfer. All 

women with a positive test had a transvaginal ultrasound scan two weeks after 

the positive test. A clinical pregnancy was diagnosed when the fetal heartbeat 

was detected. Pregnancy rates were calculated per transfer. Implantation rates 

were calculated by dividing the number of gestational sacs by the number of 

transferred embryos. Miscarriage was defined as pregnancy loss before 20 

weeks. 

 

Statistical analysis 
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Sample size calculations were based on the assumption that a 15% 

difference in implantation rate would mean a clinically significant difference. 

Consequently, to achieve this difference, at least 33 cycles would be needed in 

each treatment group (with a significance level of 5% and power of 85%). 

Data were expressed as mean ± standard deviation for continuous 

variables, while percentages were used for categorical variables. Mean values 

were compared by Student’s t parametric test or Mann-Whitney non-parametric 

test. Percentages were compared by the Chi-squared or Fisher exact test, only 

when expected frequency was five or fewer.  

Logistic regression analysis was performed to evaluate the influence of 

the COS protocol on oocyte dysmorphisms, embryo quality and blastocyst 

formation chance. The regression analyses were adjusted for maternal age as 

this variable is a considered potential confounder in the association between the 

COS protocol and response variables. Results were expressed as odds ratios 

(OR), 95% confidence intervals (CI) and P values. 

Results were considered to be significant at the 5% critical level (P< 

0.05). Data analysis was conducted using Minitab 16 Software (Minitab Inc., 

Pennsylvania, USA). 

 

Results 

 

Patients’ characteristics 

This study included 330 patients that were split into two groups according 

to the COS protocol: 152 were allocated to Low-Dose hCG Group and 178 to 

Control Group. The patients’ demographic variables are shown in Table 1. The 
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two treatment groups were similar with respect to female age and BMI. The 

overall (n=330) mean age was 29.1 ± 6.9 years and BMI was 23.9 ± 3.6 Kg/m2. 

Mean female age and BMI in Low-Dose hCG Group were 29.1 ± 5.7 years and 

BMI 24.3 ± 3.4 Kg/m2, whereas in the Control Group means were 29.2 ± 7.8 

years and 23.6 ± 3.6 Kg/m2 respectively (Table 1). 

  

Stimulation and ICSI outcomes 

A lower mean total dose of FSH administered (1,434 IU ± 277 vs. 2,051 

IU ± 472, p<0.001) as well as a higher mean estradiol level on the day of 

ovulation trigger (2,767 pg/ml ± 1,830 vs. 1,310 pg/ml ± 1,017, p<0.001) were 

observed in the Low-Dose hCG Group compared to the Control Group. The 

number of follicles and retrieved oocytes, and oocyte yield were similar between 

the groups, however, a significant higher mature oocyte rate (78.9% vs. 72.8%, 

p=0.004) was observed in Low-Dose hCG Group (Table 1). 

Significantly higher fertilization rate (79.1% vs. 70.9%, p<0.001), high-

quality embryos rate (78.8% vs. 58.2%, p=0.007) and blastocyst formation rate 

(32.7% vs. 23.6%, p<0.001, OR: 1.57, CI: 1.23–2.01, p<0.001) were observed 

in the Low-Dose hCG Group to compared Control Group. Mean number of 

embryos transferred, implantation and pregnancy rates were not significantly 

different between the groups, however, miscarriage rate was significantly higher 

in the Control Group compared to the Low-Dose hCG Group (17.1% vs. 4.7%, 

p=0.022, OR: 0.24, CI: 0.06–0.89, p=0.018) (Table 2). Additionally, a significant 

lower incidence of OHSS was observed in the Low-Dose hCG group (1.3% vs. 

6.7%, p=0.025). 
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Regarding oocyte quality, a significant lower rate of oocytes presenting 

intracytoplasmic dysmorphisms was observed in the Low-Dose hCG Group 

(0.9% vs. 5.3%, p<0.001, OR: 0.17, CI: 0.07–0.43, p<0.001), specially the 

presence of sERC (OR: 0.45, CI: 0.22–0.92, p=0.021) and intracytoplasmic 

granularity (OR: 0.14, CI: 0.05–0.39, p<0.001) (Table 3). 

Finally, we observed a significant lower gonadotropin cost in the Low-

Dose hCG Group as compared to the Control Group ($ 1,235.0 ± 239.0 x $ 

1,763.0 ± 405.3, p<0,001). 
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Table 1. Patient’s demographic characteristics and stimulation outcome in 

Low-Dose hCG and Control groups. 

 

Variables 

Low-Dose hCG 

Group  

(n=152) 

Control Group 

(n=178) 
 p-value 

Female age (y) 29.1 ± 5.7 29.2 ± 7.8 0.916 

BMI (Kg/m2) 24.3 ± 3.4 23.6 ± 3.6 0.990 

Total dose of FSH (IU) 1,434 ± 277 2,051 ± 472  < 0.001 

Estradiol levels on the day of 

hCG trigger (pg/ml) 
2,767 ± 1,830 1,310 ± 1,017  < 0.001 

Number of aspirated follicles 20.7 ± 11.9 20.7 ± 14.2 0.980 

Number of retrieved oocytes 13.5 ± 7.9 15.3 ± 9.8 0.078 

MII oocyte rate (%) 78.9 72.8 0.004 

BMI: Body mass index; IU: International unit; MII: metaphase II. Note: values 

are mean ± SD, unless otherwise noted.  
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Table 2. ICSI outcome in Low-Dose hCG and Control groups. 

 

Variables 

Low-Dose hCG 

Group  

(n=152) 

Control Group 

(n=178) 
 p-value 

Fertilization rate (%) 79.1 70.9 < 0.001 

High quality embryos rate on 

D3 (%) 
78.8 58.2 0.007 

Blastocyst formation rate (%) 32.7 23.6  < 0.001 

Number of transferred embryos 2.0 ± 0.8 1.9 ± 0.9 0.180 

Implantation rate (%) 26.9 26.7 0.963 

Pregnancy rate (per transfer) 

(%) 
44.4 46.7 0.702 

Miscarriage rate (%) 4.7 17.1 0.022 

Note: values are mean ± SD, unless otherwise noted. 
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Table 3. Influence of low-dose hCG protocol on oocyte morphology. 

Oocyte dysmorphisms OR 95% CI p-value 

Intracytoplasmic granulation 0.14    0.05 - 0.39 < 0.001 

IntracytoplasmicsERC 0.45    0.22 - 0.92 0.021 

Intracytoplasmic vacuole 1.21    0.96 - 1.52 0.103 

PVS granularity 1.04    0.80 - 1.36 0.757 

PVS size 1.03    0.70 - 1.51 0.892 

ZP abnormalities 0.92    0.70 - 1.20 0.526 

Shape abnormalities 0.98    0.55 - 1.75 0.949 

Fragmented PB 1.25    0.87 - 2.16 0.119 

OR: Odds ratio; CI: Confidence interval; sERC: Smooth endoplasmic reticulum 

cluster; PVS: Perivitelline space; ZP: Zonapellucida; PB: Polar body. 
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Discussion 

 

The present study compared the effectiveness of using low-dose hCG 

associated with FSH during the late follicular phase in women undergoing COS 

for ICSI cycles to the use of a conventional COS protocol, which uses 

exclusively FSH for follicle growth. The results suggest that the concomitant use 

of low-dose hCG and FSH do not reduce the pregnancy and implantation 

chance, and results in reduced abortion rate. In addition it increases the number 

of mature oocytes retrieved and the oocyte quality expending less FSH. It also 

resulted in a higher fertilization, increased high quality cleavage-stage embryos 

rate and increase blastocyst formation rates, with a lower incidence of OHSS. 

Our results are in accordance with those obtained by Filicori et al [12], 

which demonstrated that low-dose hCG administration is  associated with a 

more estrogenized intrafollicular environment, fewer small preovulatory follicles, 

higher fertilization rates, and no signs of premature luteinization. Additionally, 

Lee et al [24] showed that advantages of this protocol also include lower 

consumption of FSH and COS cost, and a follicle pattern that may predispose 

patients to a reduced risk of OHSS. 

Since it was demonstrated that antral follicles become less dependent on 

FSH as they acquire LH receptors [17], studies have been conducted to assess 

the role of LH during COS. GnRH agonists and antagonists have played 

important roles in reducing the incidence of premature LH surges during COS. 

However previous reports demonstrated that profound suppression of LH by the 

use of both GnRH agonists [25-27] and antagonist [28] may lead to undesirable 
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results. This suggests that supplementation with recombinant LH or hCG 

supplementation could benefit patients undergoing COS.  

When hCG supplementation was performed in GnRH-agonist cycles, 

comparable [10, 12, 29-31] or even higher pregnancy rates [32-34] were 

observed when compared to conventional COS cycles. When hCG 

supplementation was tested in GnRH-antagonist cycles, better results 

concerning number of oocytes, embryo quality and pregnancy rates, was noted 

[21, 22]. Additionally, this approach led to less costly treatments [35]. These 

findings corroborate the present study in which low-dose hCG supplementation 

in GnRH-antagonist cycles resulted in a significantly less costly treatment.  The 

treatment however did not improve the pregnancy rate, what is in agreement 

with other reports in which equivalent pregnancy rates were observed when 

compared with the traditional COS protocol [22, 35-37]. 

A recently published Cochrane Review [38] suggested that the use of 

low-dose hCG do not decrease the pregnancy chance when compared with the 

conventional COS protocol.  

The reason why we observed better oocyte and embryo qualities, but not 

a higher pregnancy rate when low-dose hCG supplementation was used, is still 

to be elucidated. It could be argued that although the supplementation with hCG 

may have a positive effect on oocyte quality and embryo morphology, after 

prolonged culture to the blastocyst stage, the embryonic genome has begun to 

be expressed [39]. At this stage, sperm-derived genes that influence the 

embryo viability and implantation have also been activated.   

In the present study, a decrease incidence of oocyte defects, such as 

sERC and intracytoplasmic granularity, was observed when low-dose hCG was 
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used. Oocyte quality is a key limiting factor in female fertility, reflecting the 

oocyte developmental potential playing a critical role in fertilisation and 

development [40]. Indeed, the impact of oocyte morphology on embryo 

development has been suggested by many articles [41-44].  

An important role of FSH during follicular development is the induction of 

LH receptors on granulosa cells. And so, the maturing follicle reduces its 

dependence on FSH by acquiring LH receptors, and hence LH responsiveness 

[17]. It has been suggested that granulosa cells from FSH-stimulated follicles 

respond similarly to both FSH and LH; moreover, the responses to both 

gonadotropins are additive [45]. Therefore we suggest that although growing 

follicles are able to develop and mature by the action of both gonadotropins, 

growing follicles under non-physiological environment (i.e. under LH privation) 

may achieve the pre-ovulatory stage and release a mature oocyte, however 

whether these oocytes possess the same developmental competence than 

those growing under the action of both FSH and LH is unclear.    

When supplementation with hCG started on first day of stimulation, 

Thuesen et al. [37], also found an increased number of high-quality embryos 

per patient, and it is suggested that this increase is related to serum levels of 

hCG. Unlike in our study, in Thuesen´s article the high-quality embryos rate per 

patient was not described. Therefore it is not possible to know if the increased 

number of high quality embryos observed among patients that received de hCG 

supplementation is due to a potential effect of hCG on follicle / oocyte biology or 

if this may be attributed to a possible increase in the number of retrieved 

oocytes.   
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There is growing evidence to support the hypothesis that elevated FSH is 

one underlying cause of low oocyte quality. Soon after the introduction of ART, 

the main goal for the COS was to maximize the oocyte yield. Recently the 

concept that “more may not be better” started to emerge [46]. Indeed, it has 

been suggested that a low number of oocytes in ovarian response, following 

COS, is associated with a higher chance of conceiving [47, 48].  Mild ovarian 

stimulation leading to a lower oocyte yield has been previously associated with 

a decrease in the proportion of aneuploid embryos [49, 50] and increased 

embryo quality [47]. This evidence has led acceptance of “minimal stimulation” 

and “patient friendly” protocols [51], in which individualized approaches allows 

optimization of oocytes yield, while avoiding the risk of OHSS [52]. 

The aforementioned hypothesis may also explain the lower abortion rate 

observed among patients in the low-dose hCG group. A previous published 

report showed a negative consequence of profound suppression of mid-

follicular LH, manifested only after conception was established. In accordance 

with our study the pregnancy outcome did not depend on circulating 

concentrations of LH, however, women with low LH concentrations had a 

significantly increased risk of an early pregnancy loss. It has been suggested 

that low concentrations of LH have a negative effect in the outcome of ART, and 

that circulating LH concentrations, above a certain critical level are required for 

adequate oocyte development [26]. 

An important implication of the present study is the fact that the 

introduction of low-dose hCG during COS led to a higher number of oocytes 

retrieved expending less FSH, and because this hormone is a relatively 

expensive drug, a less costly treatment was achieved. Therefore, this protocol 
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may be a suitable option for developing countries, where ART treatments do not 

qualify for reimbursement and for couples with limited financial resources. 

In conclusion, our evidence suggest that hCG supplementation can be 

used to reduce the FSH dose required in COS protocols, resulting in a 

significantly less costly treatment. Moreover supplementation with low-dose 

hCG may increase the oocyte quality, the fertilization rate, the embryo quality 

and the blastocyst formation. However, its effect on implantation and pregnancy 

remains controversial. 

  



 

 

41 

 

 

References 

 

1. Thoma, M.E., et al., Prevalence of infertility in the United States as 

estimated by the current duration approach and a traditional constructed 

approach. Fertil Steril, 2013. 99(5): p. 1324-1331 e1. 

2. Fauser, B.C. and P. Devroey, Reproductive biology and IVF: ovarian 

stimulation and luteal phase consequences. Trends Endocrinol Metab, 

2003. 14(5): p. 236-42. 

3. Bentov, Y., S. Kenigsberg, and R.F. Casper, A novel luteinizing 

hormone/chorionic gonadotropin receptor mutation associated with 

amenorrhea, low oocyte yield, and recurrent pregnancy loss. Fertil Steril, 

2012. 97(5): p. 1165-8. 

4. Macklon, N.S., et al., The science behind 25 years of ovarian stimulation 

for in vitro fertilization. Endocr Rev, 2006. 27(2): p. 170-207. 

5. Loutradis, D., et al., Different ovarian stimulation protocols for women 

with diminished ovarian reserve. J Assist Reprod Genet, 2007. 24(12): p. 

597-611. 

6. Maldonado, L.G., et al., Cost-effectiveness comparison between pituitary 

down-regulation with a gonadotropin-releasing hormone agonist short 

regimen on alternate days and an antagonist protocol for assisted 

fertilization treatments. Fertil Steril, 2013. 99(6): p. 1615-22. 

7. Verberg, M.F., et al., Mild ovarian stimulation for IVF. Hum Reprod 

Update, 2009. 15(1): p. 13-29. 

8. Filicori, M., et al., Luteinizing hormone activity supplementation enhances 

follicle-stimulating hormone efficacy and improves ovulation induction 

outcome. J Clin Endocrinol Metab, 1999. 84(8): p. 2659-63. 

9. Filicori, M. and G.E. Cognigni, Clinical review 126: Roles and novel 

regimens of luteinizing hormone and follicle-stimulating hormone in 

ovulation induction. J Clin Endocrinol Metab, 2001. 86(4): p. 1437-41. 

10. Filicori, M., et al., Stimulation and growth of antral ovarian follicles by 

selective LH activity administration in women. J Clin Endocrinol Metab, 

2002. 87(3): p. 1156-61. 



 

 

42 

 

11. Filicori, M., et al., Modulation of folliculogenesis and steroidogenesis in 

women by graded menotrophin administration. Hum Reprod, 2002. 

17(8): p. 2009-15. 

12. Filicori, M., et al., Efficacy of low-dose human chorionic gonadotropin 

alone to complete controlled ovarian stimulation. Fertil Steril, 2005. 84(2): 

p. 394-401. 

13. Shima, K., S. Kitayama, and R. Nakano, Gonadotropin binding sites in 

human ovarian follicles and corpora lutea during the menstrual cycle. 

Obstet Gynecol, 1987. 69(5): p. 800-6. 

14. Takao, Y., et al., Immunohistochemical localization of the LH/HCG 

receptor in human ovary: HCG enhances cell surface expression of 

LH/HCG receptor on luteinizing granulosa cells in vitro. Mol Hum Reprod, 

1997. 3(7): p. 569-78. 

15. Thompson, K.A., et al., Gonadotropin requirements of the developing 

follicle. Fertil Steril, 1995. 63(2): p. 273-6. 

16. Fauser, B.C. and A.M. Van Heusden, Manipulation of human ovarian 

function: physiological concepts and clinical consequences. Endocr Rev, 

1997. 18(1): p. 71-106. 

17. Sullivan, M.W., et al., Ovarian responses in women to recombinant 

follicle-stimulating hormone and luteinizing hormone (LH): a role for LH in 

the final stages of follicular maturation. J Clin Endocrinol Metab, 1999. 

84(1): p. 228-32. 

18. Filicori, M., et al., Luteinzing hormone activity in menotropins optimizes 

folliculogenesis and treatment in controlled ovarian stimulation. J Clin 

Endocrinol Metab, 2001. 86(1): p. 337-43. 

19. Filicori, M., et al., Low-dose human chorionic gonadotropin therapy can 

improve sensitivity to exogenous follicle-stimulating hormone in patients 

with secondary amenorrhea. Fertil Steril, 1999. 72(6): p. 1118-20. 

20. Cavagna, M., et al., Supplementation with a recombinant human 

chorionic gonadotropin microdose leads to similar outcomes in ovarian 

stimulation with recombinant follicle-stimulating hormone using either a 

gonadotropin-releasing hormone agonist or antagonist for pituitary 

suppression. Fertil Steril, 2010. 94(1): p. 167-72. 



 

 

43 

 

21. Koichi, K., et al., Efficacy of low-dose human chorionic gonadotropin 

(hCG) in a GnRH antagonist protocol. J Assist Reprod Genet, 2006. 

23(5): p. 223-8. 

22. Serafini, P., et al., Ovarian stimulation with daily late follicular phase 

administration of low-dose human chorionic gonadotropin for in vitro 

fertilization: a prospective, randomized trial. Fertil Steril, 2006. 86(4): p. 

830-8. 

23. Filicori, M., et al., The use of LH activity to drive folliculogenesis: 

exploring uncharted territories in ovulation induction. Hum Reprod 

Update, 2002. 8(6): p. 543-57. 

24. Lee, A., et al., The “un-coast”— use of low-dose hCG alone to complete 

ovarian folliculogenesis in a high responder. Fertil Steril, 2004. 82: p. 

S120. 

25. Fleming, R., et al., Effects of profound suppression of luteinizing 

hormone during ovarian stimulation on follicular activity, oocyte and 

embryo function in cycles stimulated with purified follicle stimulating 

hormone. Hum Reprod, 1998. 13(7): p. 1788-92. 

26. Westergaard, L.G., S.B. Laursen, and C.Y. Andersen, Increased risk of 

early pregnancy loss by profound suppression of luteinizing hormone 

during ovarian stimulation in normogonadotrophic women undergoing 

assisted reproduction. Hum Reprod, 2000. 15(5): p. 1003-8. 

27. Coppola, F., et al., Profound luteinizing hormone suppression induces a 

deleterious follicular environment during assisted reproduction 

technology. Fertil Steril, 2003. 79(2): p. 459-60. 

28. Al-Inany, H.G., et al., Gonadotrophin-releasing hormone antagonists for 

assisted reproductive technology. Cochrane Database Syst Rev, 

2011(5): p. CD001750. 

29. Gomes, M.K., et al., Controlled ovarian stimulation with exclusive FSH 

followed by stimulation with hCG alone, FSH alone or hMG. Eur J Obstet 

Gynecol Reprod Biol, 2007. 130(1): p. 99-106. 

30. Filicori, M., et al., Intracytoplasmic sperm injection pregnancy after low-

dose human chorionic gonadotropin alone to support ovarian 

folliculogenesis. Fertil Steril, 2002. 78(2): p. 414-6. 



 

 

44 

 

31. Berkkanoglu, M., et al., Clinical effects of ovulation induction with 

recombinant follicle-stimulating hormone supplemented with recombinant 

luteinizing hormone or low-dose recombinant human chorionic 

gonadotropin in the midfollicular phase in microdose cycles in poor 

responders. Fertil Steril, 2007. 88(3): p. 665-9. 

32. Beretsos, P., et al., "hCG priming" effect in controlled ovarian stimulation 

through a long protocol. Reprod Biol Endocrinol, 2009. 7: p. 91. 

33. Drakakis, P., et al., Early hCG addition to rFSH for ovarian stimulation in 

IVF provides better results and the cDNA copies of the hCG receptor 

may be an indicator of successful stimulation. Reprod Biol Endocrinol, 

2009. 7: p. 110. 

34. De Placido, G., et al., Recombinant human LH supplementation versus 

recombinant human FSH (rFSH) step-up protocol during controlled 

ovarian stimulation in normogonadotrophic women with initial inadequate 

ovarian response to rFSH. A multicentre, prospective, randomized 

controlled trial. Hum Reprod, 2005. 20(2): p. 390-6. 

35. Van Horne, A.K., et al., Recombinant follicle-stimulating hormone (rFSH) 

supplemented with low-dose human chorionic gonadotropin compared 

with rFSH alone for ovarian stimulation for in vitro fertilization. Fertil 

Steril, 2007. 88(4): p. 1010-3. 

36. Check, J.H., et al., A prospective comparison of in vitro fertilization (IVF) 

outcome following controlled ovarian hyperstimulation (COH) regimens 

using follitropin alpha exclusively or with the addition of low dose human 

chorionic gonadotropin (hCG) and ganirelix. Clin Exp Obstet Gynecol, 

2009. 36(4): p. 217-8. 

37. Thuesen, L.L., et al., A randomized controlled dose-response pilot study 

of addition of hCG to recombinant FSH during controlled ovarian 

stimulation for in vitro fertilization. Hum Reprod, 2012. 27(10): p. 3074-

84. 

38. Martins, W.P., et al., FSH replaced by low-dose hCG in the late follicular 

phase versus continued FSH for assisted reproductive techniques. 

Cochrane Database Syst Rev, 2013. 3: p. CD010042. 

39. Tesarik, J., Paternal effects on cell division in the human preimplantation 

embryo. Reprod Biomed Online, 2005. 10(3): p. 370-5. 



 

 

45 

 

40. Gilchrist, R.B., M. Lane, and J.G. Thompson, Oocyte-secreted factors: 

regulators of cumulus cell function and oocyte quality. Hum Reprod 

Update, 2008. 14(2): p. 159-77. 

41. Suppinyopong, S., R. Choavaratana, and C. Karavakul, Correlation of 

oocyte morphology with fertilization rate and embryo quality after 

intracytoplasmic sperm injection. J Med Assoc Thai, 2000. 83(6): p. 627-

32. 

42. Xia, P., Intracytoplasmic sperm injection: correlation of oocyte grade 

based on polar body, perivitelline space and cytoplasmic inclusions with 

fertilization rate and embryo quality. Hum Reprod, 1997. 12(8): p. 1750-

5. 

43. Ebner, T., et al., Prognostic value of first polar body morphology on 

fertilization rate and embryo quality in intracytoplasmic sperm injection. 

Hum Reprod, 2000. 15(2): p. 427-30. 

44. Wilding, M., et al., An oocyte score for use in assisted reproduction. J 

Assist Reprod Genet, 2007. 24(8): p. 350-8. 

45. Zeleznik, A.J., The physiology of follicle selection. Reprod Biol 

Endocrinol, 2004. 2: p. 31. 

46. Inge, G.B., P.R. Brinsden, and K.T. Elder, Oocyte number per live birth in 

IVF: were Steptoe and Edwards less wasteful? Hum Reprod, 2005. 

20(3): p. 588-92. 

47. Hohmann, F.P., N.S. Macklon, and B.C. Fauser, A randomized 

comparison of two ovarian stimulation protocols with gonadotropin-

releasing hormone (GnRH) antagonist cotreatment for in vitro fertilization 

commencing recombinant follicle-stimulating hormone on cycle day 2 or 

5 with the standard long GnRH agonist protocol. J Clin Endocrinol Metab, 

2003. 88(1): p. 166-73. 

48. Verberg, M.F., et al., The clinical significance of the retrieval of a low 

number of oocytes following mild ovarian stimulation for IVF: a meta-

analysis. Hum Reprod Update, 2009. 15(1): p. 5-12. 

49. Baart, E.B., et al., Milder ovarian stimulation for in-vitro fertilization 

reduces aneuploidy in the human preimplantation embryo: a randomized 

controlled trial. Hum Reprod, 2007. 22(4): p. 980-8. 



 

 

46 

 

50. Haaf, T., et al., A high oocyte yield for intracytoplasmic sperm injection 

treatment is associated with an increased chromosome error rate. Fertil 

Steril, 2009. 91(3): p. 733-8. 

51. Revelli, A., et al., Milder is better? Advantages and disadvantages of 

"mild" ovarian stimulation for human in vitro fertilization. Reprod Biol 

Endocrinol, 2011. 9: p. 25. 

52. Kovacs, P., et al., Detrimental effects of high-dose gonadotropin on 

outcome of IVF: making a case for gentle ovarian stimulation strategies. 

Reprod Sci, 2012. 19(7): p. 718-24. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

47 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. CONSIDERAÇÕES FINAIS 
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Quando comparados os resultados clínico-laboratoriais de pacientes 

que realizaram EOC com FSH recombinante associado à microdose de 

hCGrecombinante ou não concluiu-se que a suplementação com 

microdose de hCG recombinante resulta em: 

(i) Adequada resposta ovariana; 

(ii) Menor incidência de SHO; 

(iii) Melhor qualidade oocitária; 

(iv) Melhor qualidade embrionária em estágio de clivagem; 

(v) Maior chance de formação de blastocisto; 

(vi) Taxa de gestação clínica similar ao grupo controle; 

(vii) Taxa de implantação similar ao grupo controle; 

(viii) Menor taxa de aborto 

(ix) Menor dose de FSH utilizada; 

(x) Redução no custo do estímulo ovariano. 

 

Esses achados demostram que o uso de microdose de hCG em 

pacientes normorrespondedoras pode ser uma ferramenta promissora no 

tratamento de casais inférteis, uma vez que esse protocolo alternativo mostrou-

se seguro e permitiu bons resultados clínico-laboratoriais, associado a redução 

do consumo de FSH, do custo do tratamento, da taxa de aborto e de SHO.  

No futuro poderíamos utiliza-lo em pacientes pobre respondedoras, com 

histórico de abortamento ou mesmo para àquelas com baixa qualidade 

oocitária e embrionária.Porém, para que a eficácia da suplementação com 

microdose de hCG durante o EOC seja comprovada e introduzida na rotina 

com segurança, este protocolo deve ser testado em estudos prospectivos 

randomizados controlados. 
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APÊNDICE 1 - TERMO DE CONSENTIMENTO LIVRE E 

ESCLARECIDO. 
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APÊNDICE 2 - PARECER DO COMITE DE ETICA EM PESQUISA. 

 

 

 

 



 

 

81 

 

 

 

 

 

 

 



 

 

82 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


