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1. INTRODUGAO



Desde a sua introdugdo em 1992 (Palermo et al, 1992), a Injecado
Intracitoplasmatica de Espermatozoide (ICSI), onde um espermatozoide moével é
selecionado, imobilizado, aspirado com uma agulha de microinjegdo e injetado no
citoplasma do odcito, tem sido amplamente utilizada para tratar a infertilidade e tem
sido o tratamento de escolha na presenca de fator masculino de infertilidade.

Uma das principais preocupacoes na ICSI é a selegdo de um espermatozoide
apresentando motilidade e morfologia normais, com base na avaliagdo de sua
cauda, peca intermediaria e cabega. A ICSI é realizada sob uma magnificacdo de
400x, o que torna possivel detectar, no espermatozoide vivo, a maioria das
anomalias reconhecidas pela analise seminal convencional, realizada em esfregagos
de sémen corados. Sendo assim, esta técnica possui limitagdes, pois a magnificagao
de 400x (Fig. 1) s6 permite a observagdo de defeitos espermaticos maiores, € os
pequenos defeitos morfolégicos, que parecem estar relacionados com os resultados

da ICSI (Berkovitz et al, 1999) permanecem ocultos.

FIGURA 1: Espermatozoides visualizados sob magnificagao de 400x.



Como consequéncia, os espermatozoides com aparéncia morfologicamente
normalsob este aumento podem, de fato, apresentar varias anormalidades
estruturais (Bartoov et al, 2002) que podem afetar negativamente o desenvolvimento
embrionario e o estabelecimento da implantagdo e gestacao (Tesarik et al, 2002,
Tesarik, 2005). Este fato poderia explicar por que, apesar da vantagem de contornar
o fator masculino de infertiidade, os centros de reproducdo assistida ainda
enfrentam o desafio de melhorar as taxa de gestacdo que permanecem em torno de
30-45%.

Inicialmente pensava-se que as taxas de sucesso da ICSI eram
independentes dos parametros seminais (Kupker et al, 1995, Mansour et al, 1995,
Nagy et al, 1995, Svalander et al, 1996, Lundin et al, 1997, Sukcharoen et al, 1998,
Zini et al, 2001). Muitos estudos tiveram como objetivo avaliar se ha relagao entre os
paradmetros seminais e os resultados da fertilizagado in vitro (FIV). A porcentagem de
espermatozoides morfologicamente normais foi reconhecida como o melhor preditor
de resultados para a inseminagao intrauterina (Berkovitz et al, 1999) e FIV
convencional (Kruger et al, 1988, Liu and Baker, 1992, Mashiach et al, 1992). No
entanto, muitos estudos mostraram nao haver relacdo entre a morfologia
espermatica e os resultados da ICSI (Nagy et al, 1995, Svalander et al, 1996, Lundin
et al, 1997). Na tentativa de testar esta hipotese, um novo conceito deobservagao de
espermatozoides em alta magnificagdo e em tempo real, conhecido como Avaliagéao
Morfolégica das Organelas de Espermatozoides Moéveis - do inglés Motile Sperm
Organelle Morphology Examination (MSOME), foi introduzido.

Atualmente, é possivel analisar a morfologia dos espermatozoides com uma
magnificagado de 6.600x (Fig. 2) utilizando um contraste de interferéncia diferencial

Nomarski (Bartoov et al, 2001). Como a MSOME é uma técnica citologica livre de



corantes, a sua incorporagao, juntamente com um sistema de micromanipulagao,
permitiu a introducdo de um procedimento de ICSI modificado, conhecido como
Injecéo Intracitoplasmatica de Espermatozoides Morfologicamente Selecionados - do
inglés Intracytoplasmic Morphologically Selected Sperm Injection (IMSI). Como
consequéncia, a avaliagdo morfolégica do espermatozoideem tempo real e em
magnificagao variando de 6.600-13.000x (Garolla et al, 2008) permite a selegcao dos

melhores espermatozoides moveis disponiveis antes da injeg&o.

FIGURA 2: Espermatozoides visualizados sob magnificagao de 6.600x.

Entretanto, até o momento, apenas alguns dados estdo disponiveis em
relagéo a evolucao da IMSI. Acredita-se que a alta magnificacdo permite a detec¢ao
de espermatozoides contendo vacuolos nucleares (Fig. 3), o que poderia refletir
defeitos moleculares responsaveis pelo empacotamento anormal da cromatina
durante a maturacdo e resultar em danos ao DNA do espermatozoide,
comprometendo os resultados da ICSI. De fato, Garolla e cols. (2008) demonstraram

que espermatozoides selecionados em alta magnificagdo apresentam taxa de



aneuploidia significativamente reduzida quando comparada a de espermatozoides
apresentando vacuolos. Ademais, o papel dos vacuolos nucleares de
espermatozoides foi abordado em outro estudo que demonstrou uma proporgao
significativamente maior de fragmentacdo do DNA em espermatozoides
apresentando vacuolos do que em espermatozoides morfologicamente normais
(Franco et al, 2008). Ainda, outro estudo analisou o desenvolvimento embrionario
apos a injegao de odécitos de mesma coorte com diferentes classes morfoldgicas de
espermatozoides avaliados sob alta magnificacdo (Vanderzwalmen and Fallet,
2008). Os autores relataram que a quantidade e o tamanho dos vacuolos nucleares
nao comprometem a taxa de embrides de alta qualidade no dia-3, no entanto,

exercem um efeito negativo sobre o potencial de desenvolvimento do embrido até a

fase de blastocisto.

FIGURA 3: Espermatozoide contendo vacuolo nuclear visualizado sob magnificagao

de 6.600x.

A aplicagdo da IMSI em pacientes previamente submetidos a FIV
convencional / ICSI vem demonstrando que uma investigacdo morfolégica profunda
do espermatozoide favorece o sucesso do tratamento. Varios estudos mostraram

que a selecao de espermatozoides morfologicamente normais em alta magnificagéo



esta positivamente associada com as taxas de implantagdo e gestacdo em casais
com falha de implantagdo prévia (Bartoov et al, 2003, Berkovitz et al, 2006,
Gonzalez-Ortega et al, 2010, Oliveira et al, 2011, El Khattabi et al, 2013, Klement et
al, 2013), fator masculino de infertilidade (Antinori et al, 2008, Balaban et al, 2011,
Knez et al, 2011, Oliveira et al, 2011, Setti et al, 2011, Wilding et al, 2011, Knez et al,
2012, De Vos et al, 2013, El Khattabi et al, 2013, Klement et al, 2013) e em
pacientes com um elevado grau de fragmentacdo do DNA dos espermatozoides.
(Hazout et al, 2006).

Sabe-se que o espermatozoide humano tem participacao altamente dinamica
e essencial na embriogénese que claramente vai além do processo de fertilizagao.
As primeiras divisdes de embrido recém-formado dependem da maquinaria do
oocito, porém, a ativagcdo do genoma embrionario ocorre na fase de 4-8 células.
Como resultado, os efeitos da injecdo de espermatozoides com anormalidades
nucleares geralmente nao sao detectados antes do estagio de 8 células, quando
uma alta expressao de genes derivados do espermatozoide € iniciada. Os estudos
sugerem que este resultado reflete um efeito paterno tardio, que esta relacionado ao
bloqueio do desenvolvimento embrionario observado durante ou apos a implantagao
de embrides com cariétipo normal (Tesarik et al, 2004, Borini et al, 2006).

Ainda, um recente estudo mostrou que a ICSI realizada com espermatozoides
livres de malformacdes nucleares esta associada a incidéncia reduzida de
aneuploidia nos embrides resultantes (Figueira Rde et al, 2011). Portanto, um
espermatozoide morfologicamente anormal pode comprometer o embrido em
diferentes aspectos e momentos do seu desenvolvimento, afetar a implantacéo e

ocasionar a perda embrionaria.



Apesar do crescente numero de estudos demonstrando a eficacia da IMSI em
relacdo a utilizacdo de espermatozoides morfologicamente normais, com melhor
empacotamento da cromatina e menor taxa de fragmentagdo do DNA, ainda se faz
necessaria a identificacdo dos tipos de infertiidade que mais se beneficiam da
técnica.

A meta-analise fornece um consenso geral de estudos, resultando numa
estimativa mais precisa do que qualquer artigo individual. Uma meta-analise,
publicada em 2010, comparando a técnicas de ICSI e IMSI concluiu que a IMSI n&o
s6 melhora significativamente as taxas de embrides de boa qualidade, implantacéo e
gravidez, como também reduz significativamente as taxas de aborto, em
comparagao com a ICSI (Souza Setti et al, 2010). No entanto, esta meta-analise
incluiu um unico ensaio clinico randomizado e dois estudos ndo randomizados. Da
mesma forma, uma meta-analise mais recente mostrou que a IMSI| melhora as taxas
de gestacao clinica (Teixeira et al, 2013). Ambas as meta-analises nao avaliaram os
diferentes fatores de infertilidade separadamente, portanto, seus resultados podem

nao ser generalizados para todos os casais submetidos a FIV.



2. OBJETIVOS



Objetivo geral

Realizar uma meta-analise comparando os resultados clinicos da ICSI
e IMSI em casais com fator masculino de infertilidade e em casais com falha

prévia de ICSI.

Objetivos especificos

Comparar a influéncia da ICSI e IMSI nas seguintes variaveis clinicas:
(i) Taxa de implantacéo;
(ii) Taxa de gestagao;

(i)  Taxa de aborto.



3. METODOS
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3.1.Pesquisa bibliografica

A busca computadorizada foi realizada na base de dados COCHRANE,
MEDLINE, EMBASE, SCIELO (de janeiro de 2001 até Abril de 2013) para identificar
artigos relatando a comparagao dos resultados de ICSI e IMSI. As palavras-chave
utilizadas foram: "intracytoplasmic morphologically selected sperm injection", "motile
sperm organelle morphology examination", "IMSI", "MSOME" e "high magnification
ICSI". A pesquisa nao foi restrita a artigos escritos em Inglés. Nao houve restricao
com relagcdo ao desenho experimental dos estudos. As listas de referéncia dos
estudos elegiveis foram examinadas para identificacdo de possiveis artigos

adicionais.

3.2.Selegao dos estudos e extragao de dados

Estudos nao publicados, anais de congressos, teses de pds-graduacédo e
capitulos de livros nao foram incluidos nesta meta-analise. Estudos que tratam de
azoospermia e fragmentacdo do DNA espermatico e estudos em que pacientes
atuaram como seus proprios controles foram excluidos da analise. Os principais
desfechos foram as taxas de implantagdo, gestacdo e aborto. Os estudos foram
selecionados em um processo de duas fases. Na primeira fase, os titulos e resumos
das buscas eletronicas foram analisados por dois revisores de forma independente.
Estudos nao relevantes foram excluidos e os manuscritos de todas as citagbes que
possivelmente satisfizessem os critérios de selecao pré-definidos foram obtidos. Na
segunda fase, as decisoes finais de inclusao ou exclusao foram feitas apds a analise
dos manuscritos por ambos os revisores.

Os dados de todos os estudos elegiveis foram extraidos. Para cada estudo

foram registrados os seguintes dados: demograficos (autores, tipo de estudo, pais
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de origem, a idade média dos pacientes no momento da inscricao e periodo de
inscricdo); procedimento (numero de pacientes incluidos, critérios de inclusdo e
exclusao para os pacientes das populacgdes); e as taxas de implantacéo, gestacao e

aborto dos tratamentos de ICSI e IMSI.

3.3. Analise estatistica

Para cada estudo, os dados foram extraidos em tabelas 2x2. A medida de
heterogeneidade foi avaliada pelo teste 2. Para um resultado de I ndo significante o
modelo fixo foi utilizado. Para um resultado de |2 significante, um modelo aleatério foi
utilizado (DerSimonian e Laird). Os resultados foram analisados utilizando o modelo
estatistico de Mantel-Haenszel e estdo expressos como odds ratio (OR), intervalos
de confianga de 95% (IC) e valor de p. A meta-analise foi realizada com o software

RevMan 5.2 (Colaboragao Cochrane, Oxford, Reino Unido).
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Abstract A promising method for observing spermatozoa, motile sperm organelle morphology examination (MSOME) enables the
evaluation of the nuclear morphology of motile spermatozoa in real time at high magnification and has allowed the introduction
of a modified microinjection procedure, intracytoplasmic morphologically selected sperm injection (IMSI). Since its development,
several studies have intensively investigated the efficacy of MSOME and IMSI. The objective of the present study is to review the

current literature on the MSOME and IMSI techniques. o 208

© 2013, Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.

KEYWORDS: ICSI, IMSI, MSOME, sperm morphology

Introduction

Since its introduction in 1992 (Palermo et al., 1992), intracy-
toplasmic sperm injection (ICSI) has become the treatment
of choice in the presence of abnormal sperm parameters.
In preparation for ICSI, the embryologist selects a spermato-
zoon presenting both motility and normal morphology, based
on evaluation of its tail, neck and head. ICSI is usually per-
formed under a maghnification of x400, which only enables
the observation of major morphological defects. As a conse-
quence, the selection of the ‘best-looking’ spermatozoon

may not represent the selection of a spermatozoon free of
morphological abnormalities.

In the last decade, a new approach involving real-time
high-magnification observation of unstained spermatozoa,
motile sperm organelle morphology examination (MSOME),
has been introduced (Bartoov et al., 2001). The incorpora-
tion of this technique together with a micromanipulation
system has allowed the introduction of a modified ICSI pro-
cedure, intracytoplasmic morphologically selected sperm
injection (IMSI). This system of real-time detailed morpho-
logical sperm examination at high magnification, ranging

1472-6483/$ - see front matter © 2013, Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.rbmo.2013.06.011
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from x6600 to x13,000 with Nomarski optics (Garolla et al.,
2008), enables the selection of the best available motile
spermatozoa before oocyte injection (Bartoov et al., 2001,
2002, 2003; Berkovitz et al., 2006a,b).

Several publications have reported that IMSI is positively
associated with implantation and pregnancy rates (Bartoov
et al., 2002, 2003; Berkovitz et al., 1999, 2005, 2006a,b;
Hazout et al., 2006; Setti et al., 2011). However, the exact
indications for IMSI are under debate. The objective of this
review is to summarize the current literature on MSOME and
IMSI.

MSOME

A physicist and optics theoretician, Georges Nomarski, is
credited with many inventions and patents, including a
major contribution to the renowned differential interfer-
ence contrast microscopy technique in the mid-1950s. Also
referred to as Nomarski interference contrast, the method
allows transparent objects to be seen by using the differ-
ence in the refraction of light when transmitted through
the varying thicknesses of a specimen and provides a greater
depth of focus allowing thicker specimens to be observed
under higher magnification (Ruzin, 1999).

Sperm morphological examination is performed under an
inverted microscope equipped with high-power differential
interference contrast. An aliquot of the prepared motile
sperm fraction is transferred to a microdroplet of modified
human tubal fluid medium containing polyvinyl pyrrolidone
in a sterile glass-bottomed dish. The dish is placed on the
microscope stage above an Uplan Apo x100 oil/x1.35 objec-
tive lens that is previously covered by a droplet of immer-
sion oil. The images are captured by a video camera,
which has a 3-chip power charge-coupled device containing
several effective picture elements (pixels) for high-quality
image production, and a video monitor. The morphological
assessment is conducted on the monitor screen which,
under the above configuration, reaches a magnification that
is calculated based on four parameters: (i) objective magni-
fication; (ii) magnification selector; (iii) video coupler mag-
nification; and (iv) a calculated video magnification
(Bartoov et al., 2001). In general, the total calculated mag-
nification is %6600 (objective magnification (x100) x
maghnification selector (x1.5) x video coupler magnification
(x0.99) x calculated video magnification (x355.6MM/
8MM).

The MSOME assesses six sperm organelles: the acrosome,
post-acrosomal lamina, neck, tail, mitochondria and
nucleus. The acrosome and post-acrosomal lamina are con-
sidered abnormal if absent, partial or vesiculated. The
mitochondria should not be absent, partial or disorganized.
The neck must not be abaxial nor should it contain disorders
or cytoplasmic droplets, and the tail should not be coiled,
broken, short or double (Bartoov et al., 2002, 2003). Among
the six organelles, the sperm nucleus seems to be the most
important. According to the description given by Bartoov
et al. (2002) the morphological normalcy of the sperm
nucleus is evaluated in terms of shape (smooth, symmetric
and oval) and chromatin content (homogeneous chromatin
containing no more than one vacuole that occupies <4% of
the nuclear area).

Sperm vacuoles: pathological or physiological
events?

Conventional light microscopic analysis of spermatozoa has
limitations in evaluating the fine structures, such as the
acrosome and nucleus (Baccetti et al., 1996). The early
ultrastructural studies of human spermatozoa demonstrated
that the sperm nucleus often present at least one vacuole
(Schultz-Larsen, 1958). The vacuole is a concavity extending
from the surface of the sperm head to the nucleus through
the acrosome (Tanaka et al., 2012) that can be visualized
only at a high magnification.

Recently, De Vos et al. (2013) aimed at documenting the
prevalence of vacuoles in spermatozoa within a general ICSI
population. The study analysed 330 semen samples under
high magnification and showed that approximately 18.1%
of the spermatozoa were normally shaped and free of vacu-
oles, 15.2% presented less than two small vacuoles, 12.3%
displayed more than two small or at least one large vacuole
and 54.4% were grade IV, mainly because of being amor-
phous in shape and/or presenting with large vacuoles. The
prevalence of vacuoles in normally shaped spermatozoa
was as low as 27.5%. Nevertheless, it is important to empha-
size that the magnification obtained in this study yielded a
much lower resolution than that obtained in other MSOME
studies.

The origin of sperm vacuoles is disappointingly unknown
and even after several investigations the question remains:
are sperm vacuoles degenerative structures with no physio-
logical importance or common physiologic features of the
sperm head?

Some studies suggested that sperm vacuoles should be
regarded as a normal feature of the sperm head (Chrzanow-
ski, 1966; Fawcett, 1958; Pedersen, 1969; Tanaka et al.,
2012), while others suggested that it is related to male sub-
fertility (Mundy et al., 1994), lower mitochondrial mem-
brane potential (Garolla et al., 2008), higher incidence of
chromosomal abnormalities (Garolla et al., 2008; Perdrix
et al., 2011) and sperm chromatin packaging/DNA abnor-
malities (Bartoov et al., 2001, 2002, 2003; Berkovitz
et al., 2006a; Boitrelle et al., 2011; Cassuto et al., 2012;
Franco et al., 2008, 2012; Oliveira et al., 2010a; Watanabe
et al., 2011). It has also been suggested that sperm vacuoles
reflect non-reacted acrosome (Kacem et al., 2011; Mont-
jean et al., 2012) and therefore, the spermatozoa devoid
from vacuoles selected through MSOME have undergone
acrosome reaction and are likely to induce oocyte activa-
tion. Indeed, it has been demonstrated, in animal models,
that the injection of spermatozoa with an intact acrosome
is potentially hazardous to embryo development (Morozumi
and Yanagimachi, 2005).

Vacuoles and sperm maturation process

Recently, Tanaka et al. (2012) suggested that sperm vacu-
oles are cavities in the nucleus that occur naturally during
the process of sperm maturation, even in early stage sper-
matids, and should not be considered as degenerative struc-
tures. In addition, the authors pointed out that the
incidence of vacuoles increased, but the size tended to
become smaller, during the spermiogenesis and epididymal
transit. However, the authors highlighted that the size of
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the vacuoles is of importance and suggested that spermato-
zoa with large vacuoles are not used for injection.

Vacuoles and acrosome reaction

A recent study investigated the nature of the nuclear vacu-
oles (Kacem et al., 2011). As these vacuoles are localized at
the front of the sperm head the authors postulated that
they might be of acrosomal origin. More than 3200 sperm
cells obtained from 30 semen samples from infertile
patients were evaluated regarding their acrosomal
status using Pisum sativum agglutinin staining and MSOME.
A significant difference in the proportion of sperm cells
containing vacuoles was observed between spermatozoa
presenting acrosomal material or intact acrosomes
and acrosome-reacted spermatozoa (61.0% versus 29.0%).
In addition, induction of the acrosomal reaction by iono-
phore A23587 significantly increased the percentage of vac-
uole-free spermatozoa from 41.2% to 63.8% and the
percentage of acrosome-reacted spermatozoa significantly
increased from 17.4% to 36.1% (Kacem et al., 2011).

Montjean et al. (2012) evaluated 35 sperm samples that
were incubated with the follicular fluid and with hyaluronic
acid and analysed for sperm DNA condensation and morphol-
ogy through MSOME, in order to determine if there was a
correlation between the presence of vacuoles and acrosome
reaction. In accordance with the findings from Kacem et al.
(2011), the results showed that the presence of sperm vac-
uoles negatively influences sperm capacity to undergo acro-
some reaction. The authors concluded that sperm vacuoles
are a reflection of sperm physiology rather than an expres-
sion of abnormalities in the nucleus.

Vacuoles and sperm DNA damage and chromosomal status

The human spermatozoon is crucial for contributing three
components: (i) the paternal genome; (ii) the signal to initi-
ate oocyte activation; and (iii) the centriole; which partici-
pates in the initial development of the zygote (Barroso
et al., 2009). In addition, the human spermatozoon plays
an essential role in embryogenesis that goes beyond the fer-
tilization process. The activation of the embryonic genome
at the stage of 4—8 cells depends on the expression of the
paternal genome (Braude et al., 1988). Studies suggest that
the injection of DNA-damaged spermatozoa is related to
blockage of embryonic development during/after the
implantation of embryos, which reflects a late paternal
effect (Borini et al., 2006; Tesarik et al., 2004).

Sperm DNA integrity and chromosomal constitution can-
not be assessed in the sperm cell used for ICSI, therefore
several studies have investigated the relationship between
sperm morphology by MSOME and DNA fragmentation and/or
sperm chromosomal status. The following studies evaluating
the relationship between the presence of sperm vacuoles
and chromatin and/or DNA and/or chromosomal abnormali-
ties are summarized in Table 1.

Garolla et al. (2008) evaluated the correlation between
DNA fragmentation and sperm morphology under high magni-
fication (x13,000) in 10 patients with severe testicular
impairment. A total of 20 single immotile sperm cells per
patient were retrieved and classified on the basis of normal
morphology and absence (group A, 10 cells) or presence of
vacuoles (group B, 10 cells). The same cells were further

characterized as normal or pathological for DNA fragmenta-
tion (terminal deoxyribonucleotidyl transferase-mediated
dUTP nick-end labelling assay; TUNEL). The authors found
that group A contained a lower percentage of DNA-frag-
mented spermatozoa than group B. In addition, fluorescent
in-situ hybridization (FISH) analysis showed that no chromo-
somal alteration was present in normal sperm cells (group A).

Franco et al. (2008) evaluated the extent of DNA frag-
mentation (TUNEL assay) and the presence of denatured sin-
gle-stranded or normal double-stranded DNA (acridine
orange fluorescence method) in spermatozoa with large
nuclear vacuoles (LNV) selected by high magnification from
30 patients. Spermatozoa with a normal nucleus (NN) and
LNV were selected and placed on different slides. DNA frag-
mentation in spermatozoa with LNV (29.1%) was signifi-
cantly higher (P < 0.001) than in spermatozoa with NN
(15.9%). Similarly, the percentage of denatured-stranded
DNA in spermatozoa with LNV (67.9%) was significantly
higher (P < 0.001) than in spermatozoa with NN (33.1%).

In a study by de Almeida Ferreira Braga et al. (2011),
MSOME, sperm DNA fragmentation (TUNEL assay) and sperm
(FISH) evaluations were performed in 200 sperm cells from
each of 50 patients undergoing ICSI as a result of male infer-
tility. The results showed that the presence of vacuoles and
abnormal nuclear cell size observed via MSOME was posi-
tively correlated with the incidence of sperm DNA fragmen-
tation; however, the presence of sperm aneuploidy was not
correlated with MSOME.

Wilding et al. (2011) assessed the correlation between
sperm morphology according to MSOME and DNA fragmenta-
tion in 860 spermatozoa derived from eight separate analy-
ses. The authors showed that only 331 of these spermatozoa
were considered morphologically normal after MSOME. Of
these, 4.2% were characterized as having fragmented DNA
after TUNEL assay. The study suggested a link between
abnormal morphology after MSOME and the presence of
fragmented DNA, since only 14.4% of the spermatozoa pre-
senting vacuoles after MSOME were found to contain frag-
mented DNA, a significantly higher proportion of
spermatozoa than MSOME normal spermatozoa (P = 0.031).

Perdrix et al. (2011) assessed spermatozoa from neat
semen samples and spermatozoa presenting a vacuole occu-
pying >13.0% total head area (spermatozoa with large vac-
uole; SLV), isolated under high magnification (x6600) from
20 patients with teratozoospermia. Both the neat samples
and SLV were evaluated for DNA fragmentation (TUNEL
assay), chromatin condensation (aniline blue staining) and
sperm aneuploidy (FISH). The results showed that complete
DNA fragmentation was significantly more frequent in native
spermatozoa than SLV, while chromatin condensation was
significantly altered in SLV. In addition, aneuploidy and dip-
loidy rates were significantly increased in SLV.

A recent study suggested that sperm head vacuoles are
not pathological or an indication of DNA damage and should
be considered as an ordinary characteristic in normal sper-
matozoa (Watanabe et al., 2011). The study showed that
the frequency of chromosomal alterations, which are
derived from DNA fragmentation after fertilization, did
not differ significantly between motile normally shaped
spermatozoa with a large vacuole and those without large
vacuoles (9.1% versus 4.1%). In addition, the frequency of
chromosomal alterations was similar to that obtained for



Table 1 Studies evaluating the relationship between the presence of sperm vacuoles and chromatin and/or DNA and/or chromosomal abnormalities.
Reference Patients Cells (n) Method DNA integrity Susceptibility to Euploidy Chromosomal Chromatin packaging
(n) DNA denaturation structure
TUNEL Acridine orange FISH Giemsa Aniline blue CMA3
C-banding
Garolla 10 200 Groups A (vacuole-  Group A showed a — No chromosomal  — — —
et al. (2008) free spermatozoa) lower percentage of alteration was
and B (vacuolated DNA-fragmented present in normal
spermatozoa) were  spermatozoa than sperm cells
analysed and group B (9.3% versus (group A)
compared 40.1%)
Franco 30 792 Spermatozoa with a  DNA fragmentation in Denatured-stranded — - - -
et al. (2008) normal nucleus (NN) spermatozoa with LNV DNA in spermatozoa
and LNV were (29.1%) was with LNV (67.9%)
selected and placed significantly higher  was significantly
on different slides and than in spermatozoa higher than in
compared with NN (15.9%) spermatozoa with
NN (33.1%)
de Almeida 50 10,000 Semen samples were Presence of vacuoles — Presence of - - -
Ferreira evaluated for sperm  was positively vacuoles was not
Braga et al. DNA fragmentation, correlated with the correlated with the
(2011) presence of vacuoles incidence of sperm incidence of
and incidence of DNA fragmentation aneuploidy
aneuploidy
Wilding 8 860 Assessment of the A significantly higher — - - - -
et al. (2011) correlation between proportion of
sperm morphology spermatozoa with
according to MSOME  fragmented DNA was
and DNA observed in cells
fragmentation presenting vacuoles
after MSOME as
compared with normal
spermatozoa (14.4%
versus 4.2%)
Perdrix 20 519-580 Spermatozoa from the Complete DNA — Aneuploidy and - Chromatin -
et al. (2011) per patient native sample and fragmentation was diploidy rates were condensation was
for TUNEL, vacuolated significantly higher in significantly significantly altered in
499-531 spermatozoa (>13.0% native spermatozoa increased in SLV SLV (50.4% versus
per patient head area), isolated than SLV than native 26.5%) than native
for aniline under high spermatozoa (7.8% spermatozoa
blue and a magnification, were versus 1.3%)
mean of assessed
1087 per
patient for
FISH

(continued on next page)
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Table 1 (continued)

Reference Patients Cells (n) Method DNA integrity Susceptibility Euploidy Chromosomal Chromatin packaging
n) to DNA structure
denaturation
TUNEL Acridine FISH Giemsa Aniline blue CMA3
orange C-banding

Watanabe 20 33 for Sperm heads were No significant difference — — No differences in the — -
et al. chromosomal analysed for the in frequency of TUNEL- incidence of
(2011) analysis and presence of vacuoles positive cells was found aberrations between

2877 for under x1000, structural between normal spermatozoa
TUNEL chromosomal damage spermatozoa with large exhibiting large
and DNA damage in vacuoles and those vacuoles and those
spermatozoa exhibiting without vacuoles (3.3% without vacuoles were
large vacuoles versus 3.5%) observed (9.1% versus
4.1%)

Boitrelle 15 900 For each sperm sample, Vacuole-free and — Vacuole-free and — Condensed -
et al. 30 normal spermatozoa vacuolated spermatozoa vacuolated chromatin was
(2011) and 30 spermatozoa did not differ spermatozoa did significantly higher

with a LNV (>25% head significantly in terms of not differ in for vacuolated
area) were selected DNA fragmentation terms of spermatozoa than
(0.7% versus 1.3%) aneuploidy rates for normal
(1.1% versus spermatozoa (36.2%
2.2%) versus 7.6%)

Cassuto 26 10,400 Spermatozoa with DNA fragmentation rate — — - Sperm chromatin  —
et al. normal and abnormal was comparable decondensation
(2012) sperm head were between normal and rate of abnormal

compared abnormal sperm head spermatozoa was
groups (3.7% versus twice as high as the
4.2%) controls (19.5%
versus 10.1%)

Franco 66 2186 Numbers of cells with — — - — — Presence of
et al. normal and abnormal abnormal
(2012) chromatin packaging chromatin

were determined on packaging was

slides with normal and significantly higher

LNV spermatozoa in spermatozoa
with LNV than in
normal
spermatozoa
(53.2%% versus
40.3%)

Hammoud 8 8000 Vacuole-free and Motile normal vacuole- — - — — —
et al. vacuolated free spermatozoa had a
(2013) spermatozoa from significantly lower mean

semen samples DNA fragmentation rate
presenting high sperm (4.1%) than all other
DNA fragmentation types of spermatozoa
were compared

— = Not performed; CMA3 = chromomycin A3; LNV = large nuclear vacuole; NN = normal nucleus; SLV = spermatozoa with large nuclear vacuole; TUNEL = terminal deoxyribonucleotidyl
transferase-mediated dUTP nick-end labelling assay.
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spermatozoa examined under x400 magnification, suggest-
ing that normal spermatozoa with DNA damage are not effi-
ciently excluded by sperm selection under x1000
magnification (Watanabe et al., 2011). Nevertheless, it is
noteworthy that sperm morphology was examined under a
maghnification of x1000 in this study, while in the majority
of studies a magnification of at least x6000 was applied.

Boitrelle et al. (2011) used the MSOME (x10,000) to
select 450 normal spermatozoa and 450 spermatozoa with
a large vacuole (>25% of the nuclear area) from semen sam-
ples of 15 infertile patients and analysed chromatin conden-
sation (aniline blue staining), DNA fragmentation (TUNEL)
and chromosomal status (FISH X, Y, 18). The results showed
that the rate of non-condensed chromatin was significantly
higher for vacuolated spermatozoa than for normal sperma-
tozoa (36.2+1.9% versus 7.6 +1.3%). The authors con-
cluded that large vacuole appears to be a nuclear
‘thumbprint’ linked to failure of chromatin condensation.

Cassuto et al. (2012) investigated whether chromatin
damage (TUNEL and aniline blue assays) of 26 infertile
man with oligoasthenoteratospermia and IVF failures was
linked with sperm-head abnormalities identified at high
maghnification. The analysis of 10,400 spermatozoa showed
that the sperm chromatin-decondensation rate of abnormal
spermatozoa (presenting abnormal head, presenting one or
several vacuoles and an abnormal base) was twice as high as
the controls (19.5% versus 10.1%; P < 0.0001).

Franco et al. (2012) investigated the presence of abnor-
mal sperm chromatin packaging in spermatozoa with LNV by
analysing the pattern of chromomycin A3 (CMA3) staining in
66 men undergoing infertility diagnosis and treatment. The
authors showed that the presence of CMA3-positive (abnor-
mal) staining was significantly higher in spermatozoa with
LNV than in CMA3-negative (normal) spermatozoa (53.2%
versus 40.3%; P < 0.001, respectively).

Finally, Hammoud et al. (2013) analysed different types
of spermatozoa in eight patients with high degree of sperm
DNA fragmentation in terms of incidence of DNA fragmenta-
tion. Vacuole-free spermatozoa showed a significantly lower
incidence of DNA fragmentation (4.1 + 1.1%) than all other
types of spermatozoa.

MSOME and conventional semen analysis

World Health Organization (WHO) reference values for
human semen parameters are widely used to investigate
male reproductive potential. Evaluation of sperm morphol-
ogy plays a crucial role in the diagnosis of male fertility
potential and has demonstrated a predictive value for
IVF—ICSI treatments (Kruger et al., 1986, 1987, 1988). How-
ever, other authors found no relationship between sperm
morphology and the success of ICSI (Host et al., 2001; Nagy
et al., 1998; Oehninger et al., 1998).

MSOME provides an accurate description of spermatozoa
abnormalities, particularly the presence of head vacuoles
(Bartoov et al., 2002). However, no consensus has been
established concerning normal or abnormal MSOME criteria,
despite being essential to transposing MSOME analysis into
routine evaluation of male infertility (Perdrix et al., 2012).
Some studies have analysed the relationship between sperm
normalcy according to the WHO or Tygerberg criteria and
MSOME.

Bartoov et al. (2002) investigated the relationship
between normal spermatozoa according to the WHO refer-
ence values (WHO, 1999) and MSOME in 20 patients. The
authors found no significant correlation between the per-
centage of morphologically normal spermatozoa as defined
by the WHO and the percentage of morphologically normal
spermatozoa as defined by MSOME, since the incidence of
sperm normalcy by routine sperm analysis was significantly
higher than that by MSOME (26.1 +7.2% and 2.9 + 0.5%,
respectively).

Oliveira et al. (2009) evaluated the correlation between
MSOME classification and sperm morphology classification
according to the Tygerberg criteria (Kruger et al., 1986) in
97 semen samples from an unselected group of couples
undergoing infertility investigation. The study showed a
strong positive correlation between the percentage of nor-
mal sperm forms according to the Tygerberg criteria and
MSOME (r=0.83; P<0.001). However, MSOME was shown
to be much more restrictive, presenting significantly lower
normality percentages for the semen samples in comparison
to those observed after analysis according to the Tygerberg
criteria (3 + 3.2% versus 9.4 + 4.8% respectively; P < 0.001).

In a previously mentioned study, Cassuto et al. (2012)
observed significant correlations between the incidence of
score-0 spermatozoa (presenting an abnormal head, one
or several vacuoles and an abnormal base) and sperm con-
centration (r = —0.41), motility (r = —0.42) and morphology
(r=-0.63).

Finally, Perdrix et al. (2012) analysed semen samples
from 440 males, aged between 24 and 66 years, consulting
for infertility investigation. One sample was obtained from
each man and conventional semen analysis (WHO, 1999)and
MSOME evaluation were performed simultaneously on the
same sample. A total of 109 men (24.8%) had normal semen
parameters (normal group) and 331 men (75.2%) had at least
one abnormal semen parameter (abnormal group). MSOME
analysis was performed on 10,975 spermatozoa. Sperm head
vacuoles were significantly larger in abnormal semen sam-
ples (P < 0.001). Relative vacuolar area (RVA), defined as
vacuole area (um?)/head area (um?) x100, was the most dis-
criminative MSOME criterion between normal and abnormal
semen samples, and was negatively correlated with poor
sperm morphology (r =0.53; P < 0.001).

It is noteworthy that routine morphological examination
is applied to the entire semen sample, whereas the most
remarkable feature of MSOME is the focus on motile sperm
fractions, providing information about the sample fraction
referred for ICSI treatment. In addition, a recent study dem-
onstrated that MSOME is a reliable technique for analysing
semen and supported the future use of MSOME as a routine
method for semen analysis (Oliveira et al., 2010b).

MSOME and sperm preparation and manipulation

Given the importance of selecting a sperm preparation
technique that minimizes possible paternal effects on
embryo development by enhancing the sample with sperm
cells with few vacuoles, Monqaut et al. (2011) analysed
sperm samples from 53 patients undergoing fertility treat-
ment. Samples were analysed by high-magnification micros-
copy before and after two preparation methods (swim-up
and density gradient centrifugation) and classified according
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to the degree of vacuolization. Although both methods
showed a positive effect on sperm quality, the swim-up
method produced significantly higher increments of mor-
phologically normal spermatozoa than gradient centrifuga-
tion (59.3% versus 15.7%; P < 0.001).

It has previously been demonstrated that prolonged
in-vitro incubation at 37°C may reduce sperm viability (Cal-
amera et al., 2001). Since the morphological evaluation of
spermatozoa under high magnification is a time-consuming
procedure (Berkovitz et al., 2005) that should be conducted
at 37°C, the inventors of MSOME investigated the impact of
incubation at 37°C on the morphological normalcy of the
sperm nucleus (Peer et al., 2007).The study showed that
after 2 h of incubation at 37°C, there was a significant
increase in the frequency of vacuolated nuclei (80.8 +7.2%
versus 75.0 + 7.6%; P < 0.01). No significant morphological
changes in sperm nuclei were observed upon prolonged
incubation at 21°C. Finally, after 2 h of incubation, the inci-
dence of spermatozoa with vacuolated nuclei was signifi-
cantly higher at 37°C compared with 21°C (56.5 + 10.8%
versus 45.5 + 10.0%; P < 0.01).

MSOME and male age

A recent study investigated the influence of paternal age on
sperm quality by MSOME. Two hundred sperm cells from 975
patients were analysed at x8400 magnification (Silva et al.,
2012) and the percentage of normal and LNV spermatozoa
was determined. The subjects were divided into three
groups according to paternal age. The study demonstrated
a significantly lower percentage of normal spermatozoa in
the older group (>41years) compared with the younger
groups (<35 years and 36—40 years). In addition, the pro-
portion of LNV spermatozoa was significantly higher in the
older group, while regression analysis demonstrated that a
1-year increment in paternal age increased the incidence
of spermatozoa with LNV by 10%. This correlation was cor-
roborated by findings obtained by de Almeida Ferreira Braga
et al. (2011).

MSOME and cryopreservation

It has previously been demonstrated that human sperm
cryopreservation is associated with alterations in sperm
motility, viability and morphology (O’Connell et al., 2002).
Boitrelle et al. (2012) investigated the potential value of
IMSI for frozen—thawed spermatozoa, and the current study
group used MSOME, chromatin condensation assessment
(aniline blue staining) and viability assessment (eosin per-
meability) before and after freezing—thawing to assess the
relationship between cryopreservation and potential
nuclear alterations in spermatozoa. The results showed that
cryopreservation decreases the percentage of morphologi-
cally normal spermatozoa and viability rate and increases
the proportion of spermatozoa with non-condensed
chromatin.

Conclusions

The reason for the occurrence of vacuoles in the sperm head
is yet to be elucidated and requires further studies. Several

studies have investigated the origin of this feature and the
results are controversial. Nonetheless, only two studies
showed that there is no relationship between sperm nuclear
vacuoles and sperm function; however, it is important to
emphasize that one of these studies was an unpowered
investigation (Tanaka et al., 2012) and the other evaluated
sperm cells at x1000 (Watanabe et al., 2011). The remaining
studies agreed that sperm nuclear vacuoles are either
related to acrosome reaction, chromosomal status, chroma-
tin condensation or DNA fragmentation.

Both studies that investigated the relation between
sperm vacuoles and acrosome reaction agreed that there
is a negative relation between the presence of vacuoles
and the sperm capacity to undergo acrosome reaction.
Therefore, the MSOME selection could be a tool for the elim-
ination of the acrosome reaction-resistant spermatozoa.
Regarding sperm DNA fragmentation, from nine studies,
six reported that vacuole-free spermatozoa yields lower
rates of DNA fragmentation as compared with vacuolated
spermatozoa. It is important to emphasize that the TUNEL
assay was the method of choice in all these studies, which
could have reduced the occurrence of bias. As for chromatin
status, a negative correlation between the incidence of vac-
uoles and chromatin condensation was observed in all the
conducted studies (one study used CMA3 and three used ani-
line blue staining). Finally, it seems that sperm aneuploidy
is not related to the presence of vacuoles, nevertheless,
one study observed increased rates of aneuploidy and dip-
loidy in SLV.

According to De Vos et al. (2013), the prevalence of vac-
uoles in normally shaped spermatozoa seems to be low. In
addition, the use of ‘second-best’ spermatozoa appears to
have no implications on fertilization and embryo develop-
ment. Nevertheless, it has been reported that up to 65%
spermatozoa deemed suitable for ICSI by conventional
methods were subsequently deselected after high-magnifi-
cation analysis (Wilding et al., 2011)

Although the process of finding spermatozoa without
vacuoles is difficult and time consuming and requires highly
skilled laboratory personnel, so far, the majority of the
studies suggest that there is a link between the presence
of vacuoles and sperm function, either with the acrosome
reaction, chromatin condensation or DNA integrity. More
importantly, the SLV seems to be the most compromised
spermatozoa and should not be used for injection.

IMSI

MSOME followed by ICSI is a novel technique that involves
prolonged sperm manipulation (Berkovitz et al., 2005) and
special instrumentation with considerable costs. In addi-
tion, the technique requires a high level of technical exper-
tise and inter-observer reproducibility (Said and Land,
2011). A meta-analysis comparing ICSI versus IMSI outcomes
concluded that IMSI not only significantly improves the per-
centage of top-quality embryos, implantation and preg-
nancy rates, but also significantly reduces miscarriage
rates as compared with ICSI (Souza Setti et al., 2010). These
findings can be explained by the fact that during ICSI mor-
phological assessment of the sperm nucleus takes place at
x400. Wilding et al. (2011) performed a mock ICSI trial to



Table 2 Studies comparing ICSI and IMSI outcomes.

Reference Cycles Indication Inclusion criteria Method Fertilization Top- Implantation Pregnancy Miscarriage
(n) (%) quality (%) (%) (%)
embryo
(%)

Bartoov 24 Previous Female age <37 years, >3 retrieved ova, male IMSI outcomes were ICSI 60.1; - ICSI 0.0; ICSI 0.0; ICSI 0.0;
et al. ICSI infertility, previous failure of >5 cycles assessed in couples IMSI 66.8% IMSI 46.9°  IMSI 58.0°  IMSI 5.0°
(2001) failures with previous ICSI

failures

Bartoov 50 Previous Female age <37 years, >3 retrieved ova, male IMSI outcomes were ICSI 65.5; ICSI 31.0; ICSI 9.5; ICSI 30.0; ICSI 33.0;
et al. ICSI infertility, previous failure of >2 ICSI cycles matched with ICSI IMSI 64.5%  IMSI 45.2°  IMSI 27.9°  IMSI 66.0°  IMSI 9.0°
(2003) failures outcomes from similar

couples

Hazout 125 Previous Female age <38 years, previous failure of >2 ICSI  IMSI outcomes were ICSI 65.0; ICSI 52.5; ICSI 0.8; ICSI 2.4; ICSI 100;
et al. ICSI cycles assessed in couples IMSI 68.0%°  IMSI 63.52  IMSI 20.3°  IMSI 37.6°  IMSI 13.2°¢
(2006) failures with previous ICSI

failures

Gonzalez- 60 Previous Female age <38 years, previous failure of >2 ICSI  IMSI outcomes were ICSI 89.0; ICSI 43.3; ICSI 29.7; ICSI 50.0; ICSI 26.6;
Ortega ICSI cycles matched with ICSI IMSI 91.2%  IMSI 45.7%  IMSI 44.8°  IMSI 63.0*  IMSI 15.72
et al. failures outcomes from similar
(2010) couples

Wilding 8 Previous Couples with 1 previous ICSI failure IMSI outcomes was ICSI 79.4; ICSI 60.3; ICSI 0.0; ICSI 0.0; -
et al. ICSI compared with the IMSI 70.1%  IMSI 83.6°  IMSI 20.8°  IMSI 37.5°
(2011) failures previous ICSI cycle

Oliveira 200 Previous Female age <39 years, >4 retrieved ova in previous Couples were divided ICSI 62.0; - ICSI 9.8; ICSI 19.0;  ICSI 31.6;
et al. ICSI cycles, previous failure of >2 ICSI cycles with good into ICSI and IMSI IMSI 65.4% IMSI 13.6%  IMSI 26.0*  IMSI 15.4%
(2011) failures  quality embryos groups

Antinori 446  Male Female age <35 years, severe Couples were ICSI 94.4; - ICSI 11.3; ICSI 26.5; ICSI 24.1;
et al. factor oligoasthenoteratozoospermia randomized to ICSI and  IMSI 94.72 IMSI 17.3°  IMSI 39.2°  IMSI 16.92
(2008) IMSI

Mauri 30 Male Male factor infertility and/or >2 previous failures  Sibling oocytes of each ICSI 70.9; ICSI 57.8; - - —
et al. factor of implantation or previous miscarriages after patient were IMSI 70.4®  IMSI 52.2%"

(2010) IVF—ICSI randomly assigned to ICSI
or IMSI

Knez et al. |57 Male Poor semen quality and all arrested Couples were ICSI 52.7; — ICSI 6.8; ICSI 8.1; —
(2011) factor embryos following a prolonged 5-day randomized to ICSI and  IMSI 51.2°2 IMSI 17.1%  IMSI 25.0?

culture in previous ICSI cycles IMSI

Settietal. 500 Male Isolated male factor infertility, >6 Couples were ICSI 78.9; ICSI 37.3; ICSI 25.4; ICSI 36.8; ICSI 17.9;
(2011) factor oocytes available on retrieval randomized IMSI 79.2%  IMSI 44.4%  IMSI 23.8%  IMSI 37.2%  IMSI 18.42

to ICSI and IMSI

(continued on next page)
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Table 2 (continued)
Reference Cycles Indication Inclusion criteria Method Fertilization Top- Implantation  Pregnancy Miscarriage
() (%) quality (%) (%) (%)
embryo
(%)
Wilding 232  Male factor Sperm concentration between Patients were randomized to ICSI or ICSI 65.9; — ICSI 14.8; ICSI 40.0; —
et al. 1x10°/ml and 20 x 106/ml IMSI IMSI 68.0° IMSI 24.2¢ IMSI 65.6°
(2011)
Knez et al. 122 Male factor Isolated teratozoospermia, >6 Patients were randomized to ICSl or ICSI 64.0; — — - ICSI 24.0;
(2012) mature oocytes available on retrieval IMSI IMSI 60.0% IMSI 48.0°
Balaban 168 Unselected Unselected infertile population Patients were randomized to ICSI or ICSI 81.0; ICSI ICSI 19.5; ICSI 44.4; —
et al. patients IMSI IMSI 81.6%  64.0; IMSI 28.9% IMSI 54.0%
(2011) IMSI
66.4%
Hazout 72 High incidence of Female age <38 years, previous DNA fragmentation rate was — - Group A: ICSI  — -
et al. sperm DNA failure of >2 ICSI cycles evaluated by TUNEL and patients 0.; IMSI: 23.6°
(2006) fragmentation were divided into three groups: (A)
<30%, (B) 30—40% and (C) >40%
fragmented spermatozoa before
comparing ICSI and IMSI
Group B: ICSI
0.0; IMSI: 17.4¢
Group C: ICSI
0.7; IMSI: 33.3¢
de Almeida | 50 High incidence of Cycles with male patients showing a Oocytes were split into ICSI (n =82) ICSI 80.2; ICSI — - -
Ferreira sperm DNA high incidence of DNA fragmentation and IMSI groups (n=79) IMSI 82.6%  60.0;
Braga fragmentation (>30%) IMSI
et al. 61.6%
(2011)

—: Not evaluated.
#Not significantly different.
®Not applicable.
“Significantly different.

"Day 2 of embryo development.
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determine the proportion of spermatozoa, otherwise
selected for ICSI, that had morphological abnormalities.
The results showed that 64.8% of the analysed spermatozoa
were deselected after digital analysis. Reasons for rejection
of spermatozoa included poor morphology, the presence of
multiple vacuoles, the presence of vacuoles that occupied
>4% of the nuclear area and poor morphology of the mid-
piece. The study suggested that selection of spermatozoa
under high magnification reveals morphological features
not visible using the conventional ICSI procedure and des-
elects spermatozoa otherwise selected for ICSI.

Cassuto et al. (2009) retrospectively evaluated 27 cou-
ples with male factor infertility referred for ICSI treatment
in order to establish a classification score for the spermato-
zoon with the highest predictive fertilizing potential in real
time under a magnification of x6100. The authors suggested
the following formula for a morphologically ‘normal top*
spermatozoon: (normal head score =2) + (lack of vacuole
score =3) + (normal base score=1). In women aged
>30vyears, the authors recommended using spermatozoa
with a score of 4—6 for injection. In younger patients, scor-
ing is not as critical, at least with regards to fertilization.

Several studies have investigated the benefits of IMSI by
comparing the results obtained using this technique with
those obtained via ICSI. The results are controversial and
are described below according to the type of infertility
(Table 2).

IMSI indications

IMSI in cases of previous IVF—ICSI failure

In a preliminary study, Bartoov et al. (2001) assessed 24
couples in which the woman was <37 years old, with previ-
ous failure of at least five consecutive cycles of IVF and ICSI,
who had undergone a single cycle of IMSI, with at least three
oocytes retrieved, as a result of male infertility. The study
showed that after IMSI, the pregnancy rate was 58%, the
implantation rate was 47% and the miscarriage rate was 5%.

In a continuation of the aforementioned study, Bartoov
et al. (2003) investigated whether microinjection of motile
spermatozoa with morphologically normal nuclei improved
the pregnancy rate in 50 couples with repeated ICSI failures.
After a single IMSI procedure, the couples were matched
with couples who had undergone a routine ICSI procedure
and experienced the same number of previous ICSI failures.
The study revealed that fertilization and the proportion of
top-quality embryos were similar, but that the pregnancy
rate in the IMSI group was significantly higher than that in
the ICSI group (66.0% versus 30.0%; P < 0.01) and the mis-
carriage rate was significantly lower in the IMSI group (33.0%
versus 9.0%; P < 0.01).

Hazout et al. (2006) evaluated the efficacy of IMSI in 125
couples with at least two repeated ICSI failures in which the
woman was <38 years old. The results showed that fertiliza-
tion, cleavage and top-quality embryo rates were similar in
the two previous ICSI attempts and sequential IMSI attempt.
However, improved clinical outcomes such as pregnancy
(37.6% versus 2.4%), implantation (20.3% versus 0.8%), deliv-
ery (33.6% versus 0.0%) and birth rates (17.6% versus 0.0%)
were observed in IMSI attempts compared with ICSI
(P < 0.001), respectively.

Gonzalez-Ortega et al. (2010) compared the results of 30
IMSI cycles performed in couples with at least two previous
ICSI failures and female age <38 years, and 30 ICSI cycles
performed in couples with similar characteristics. The data
showed a significant difference in implantation rate in
favour of IMSI (44.8% versus 29.7%). Although not signifi-
cantly different, the pregnancy rate tended to be higher
in IMSI cycles (63% versus 50%), demonstrating a trend in
favour of IMSI.

Wilding et al. (2011) compared embryo quality obtained
after IMSI in eight couples with their previous ICSI cycle. The
results showed a significant difference in embryo quality
between the ICSI and IMSI cycles (60.3% versus 83.6%,
respectively). In the same study the authors performed a
prospective randomized trial involving couples undergoing
ICSI (n =110) and IMSI (n =122). The authors noted a signif-
icantly higher percentage of high-quality embryos trans-
ferred (66.0% versus 98.6%) and higher rates of
implantation (14.8% versus 24.2%) and pregnancy (40.0%
versus 65.6%) after IMSI.

Oliveira et al. (2011) compared the outcomes of ICSI and
IMSI in 200 couples with at least two repeated ICSI failures.
The study revealed trends toward lower rates of miscarriage
(15.4% versus 31.6%), higher rates of ongoing pregnancy
(22.0% versus 13.0%) and live birth (21.0% versus 12.0%) in
the IMSI group compared with the ICSI group. The study also
analysed subpopulations with or without male factors, and
similar results to those obtained with the whole population
were observed.

IMSI in cases of male factor infertility

Antinori et al. (2008) assessed the advantages of IMSI over
conventional ICSI in the treatment of 446 couples with
severe oligoasthenoteratozoospermia and female age under
35years in a prospective randomized trial. The couples
were randomized into ICSI (n=219) and IMSI (n=227)
groups. The results showed that IMSI resulted in a higher
pregnancy rate (39.2% versus 26.5%; P =0.004) compared
with ICSI. In addition, the study demonstrated that patients
with two or more previous ICSI failures benefited the most
from IMSI in terms of pregnancy rate (29.8% versus 12.9%;
P=0.017).

Mauri et al. (2010) evaluated whether IMSI could influ-
ence early paternal effects by observing embryo quality at
day 2 in 30 couples with male factor infertility and/or at
least two previous failures of implantation and/or previous
miscarriages after IVF—ICSI. The results obtained using sib-
ling oocytes showed that ICSI and IMSI provided a similar
proportion of top-quality embryos.

Knez et al. (2011) compared the results obtained with
ICSI (37 couples) and IMSI (20 couples) in couples with poor
semen quality and all embryos arrested after culture to the
blastocyst stage in their previous ICSI attempts in a prospec-
tive randomized study. The outcomes of current cycles were
compared with the outcomes of the previous ICSI cycles.
The IMSI group showed a higher number of blastocysts (0.80
versus 0.65) and lower number of cycles without embryo
transfer (0% versus 27.0%, P = 0.048) compared with the ICSI
group. A trend toward higher implantation (17.1% versus
6.8%) and pregnancy rates (25.0% versus 8.1%) was observed
in the IMSI group.
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Setti et al. (2011), in a prospective randomized study,
compared ICSI and IMSI outcomes in 500 couples with male
factor infertility and at least six retrieved oocytes. The
results showed that the outcomes were similar between
the groups. In a further analysis Setti et al. (2011), only
244 oligoasthenozoospermic patients were included and a
positive influence of IMSI on fertilization (OR 4.3, 95% ClI
2.2—6.4), implantation (OR 2.6, 95% Cl 1.2—5.7) and preg-
nancy (OR 1.6, 95% Cl 1.1—3.0) was observed.

Wilding et al. (2011) randomized 232 couples undergoing ICSI
as a result of male factor infertility into ICSI and IMSI groups,
and the outcomes were compared. The results showed that
implantation and pregnancy rates were significantly higher in
IMSI group (14.8% versus 24.2% and 40.0% versus 65.6%).

In a recent prospective randomized trial, Knez et al.
(2012) compared the outcomes obtained with ICSI (n=70)
and IMSI (n =52) in couples with isolated teratozoospermia.
The study showed a significantly higher rate of morulae
development (21.0% versus 13.0%) and a lower number of
embryos arrested at low-cell developmental stages (44.0%
versus 62.0%) after IMSI. A significantly higher clinical preg-
nancy rate was observed in the IMSI group compared with
the ICSI group (48.0% versus 24.0%; P < 0.05). In addition,
the authors investigated the influence of individual sperm
morphology on embryo development in 30 patients undergo-
ing IMSI. Oocytes were injected with different classes of
spermatozoa and the results showed that fertilization with
spermatozoa without head vacuoles yielded a higher num-
ber of morphologically normal zygotes, a higher blastocyst
formation rate and a smaller proportion of arrested embryos
than spermatozoa with vacuoles and other head defects.

IMSI in unselected infertile patients

Balaban et al. (2011) compared the outcomes of 87 IMSI
cycles with 81 ICSI cycles in an unselected infertile popula-
tion in a prospective randomized study. The results showed
trends for higher rates of implantation (28.9% versus 19.5%),
pregnancy (54.0% versus 44.4%) and live birth (43.7% versus
38.3%) in the IMSI group. When only couples presenting
severe male factor were analysed, the IMSI procedure
resulted in significantly higher implantation rates compared
with the ICSI group (29.6% versus 15.2%, P =0.01).

IMSI in patients with a high rate of sperm DNA
fragmentation

Hazout et al. (2006), in a previously mentioned study,
assessed sperm DNA integrity in 72 patients. Improved
implantation and birth rates were observed not only in
patients with an elevated degree of sperm DNA fragmenta-
tion but also in those with normal sperm DNA status.

In a previously mentioned study, de Almeida Ferreira
Braga et al. (2011) showed that fertilization and high quality
embryo rates in patients with a high incidence of sperm DNA
fragmentation were similar between sibling oocytes split
into ICSI and IMSI groups.

All the aforementioned studies comparing ICSI and IMSI
outcomes are summarized in Table 2.

IMSI in patients with poor blastocyst development

Because early paternal effects on embryo development are
not expressed up to day 3, it has been suggested that the

presence of nuclear vacuoles, detected under high magnifica-
tion may influence the development to the blastocyst stage.

Vanderzwalmen et al. (2008) investigated the association
between the presence of vacuoles in sperm nuclei and the
ability of embryos to develop to blastocyst stage on day 5
of development in couples in which the woman was
<40 years old and at least eight oocytes were retrieved.
The authors graded spermatozoa from 25 patients as fol-
lows: grade |, no vacuoles; grade Il, <2 small vacuoles;
grade lll, >1 large vacuole; and grade IV, large vacuoles
with other morphological abnormalities. The study showed
that after sibling oocyte injection, no differences were
observed in embryo quality on day 3 of development in
the four different grades of spermatozoa. However, blasto-
cyst formation occurred in 56.3% and 61.4% with grade | and
Il spermatozoa, respectively, compared with 5.1% and 0%
with grade Il and IV spermatozoa, respectively (P < 0.001).
Similarly, Cassuto et al. (2009) showed that only one embryo
(5.3%) developed to blastocyst stage after the injection of
19 oocytes with score 0 spermatozoa (spermatozoa present-
ing several head abnormalities). In addition, Knez et al.
(2011) observed a higher number of blastocysts with IMSI
as compared with ICSI. In addition, with IMSI 26.0% of
embryos developed to the blastocyst stage after IMSI,
whereas in the previous ICSI cycles all embryos were
arrested at earlier developmental stages.

De Vos et al. (2013) conducted a prospective randomized
sibling-oocyte study, enrolling 340 couples undergoing ICSI
as a result of oligoasthenoteratozoospermia, in order to eval-
uate the influence of high-magnification sperm analysis on
embryo development. No significant differences were
observed between ICSI and IMSI for embryo development on
day 3 and 5. Despite the low number of grade Ill and IV sper-
matozoa used for injection, it seems that blastocyst forma-
tion is not excluded when using these grades of spermatozoa.

IMSI with vacuolated versus non-vacuolated spermatozoa

Berkovitz et al. (2005) investigated whether the higher rate
of pregnancy was attributable to the fine nuclear morphol-
ogy of the injected spermatozoa by comparing two matched
IMSI groups in which the woman was <40 years old and at
least three oocytes were retrieved. In one group, no sper-
matozoa with intact nuclei were available for microinjec-
tion, and in the other, only spermatozoa with strictly
defined morphologically normal nuclei were injected. The
results showed that the fertilization rate (71.3% versus
50.3%), percentage of top-quality embryos (34.9% versus
19.4%), implantation (25.0% versus 5.9%) and pregnhancy
rates (52.6% versus 18.4%) were significantly higher, and
abortion rates (10.0% versus 57.1%) significantly lower, in
the group in which only spermatozoa with morphologically
normal nuclei were injected.

In a retrospective study dealing with spermatozoa and
spermatids from 11 normozoospermic, 10 oligozoospermic
or asthenozoospermic, four obstructive azoospermic and
three nonobstructive azoospermic men, Tanaka et al.
(2012) evaluated whether sperm vacuoles affected ICSI out-
comes. The results demonstrated that >85% of the cells
possessed vacuoles of various sizes and that this frequency
was significantly higher in ejaculated cells. In addition,
removal of the acrosome did not influence sperm vacuoliza-
tion. There was no difference in the fertilization rate when
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spermatozoa with large or small vacuoles and spermatozoa
with no vacuoles were injected. However, a significantly
lower rate of development to the blastocyst stage was
observed when spermatozoa with no vacuoles was injected.

IMSI and preimplantation genetic screening (PGS)

Figueira Rde et al. (2011) examined the effect of sperm mor-
phology under high magnification on embryo chromosomal
status in 30 ICSI—PGS and 30 IMSI—PGS cycles performed in
couples of advanced maternal age in a prospective random-
ized trial. Biological and clinical outcomes were compared.
The data showed a significantly increased incidence of sex
chromosome aneuploidy in ICSI embryos compared with IMSI
embryos (23.5% versus 15.0%, respectively), and the inci-
dence of chaotic embryos was also significantly higher under
the ICSI procedure (27.5% versus 18.8%). In addition, the pro-
portion of cycles without embryo transfer was significantly
higher in ICSI—PGS cycles (11.8% versus 2.5%). Furthermore,
the authors reported an unexpected significant difference
in gender incidence rates of euploid embryos. ‘Best looking’
spermatozoa seemed to carry a higher proportion of the X
chromosome. In arecent study performed by the same group,
Setti et al. (2012) confirmed the aforementioned finding,
showing a significantly higher incidence of XX embryos
derived from IMSI compared with ICSI cycles (66.9% versus
52.5%, respectively). It is noteworthy that the study evalu-
ated the gender of all embryos that were biopsied and did
not consider which of these embryos were transferred,
implanted and resulted in live births.

IMSI with testicular spermatozoa

Ai et al. (2010) investigated whether IMSI with testicular
spermatozoa improves the clinical outcome in patients with
azoospermia. A total of 66 azoospermic patients were pro-
vided with conventional ICSI and 39 with IMSI. The results
showed no difference between groups regarding pregnancy
rates; however, the rate of early abortion was significantly
lower in the IMSI group compared with the ICSI group (4.5%
and 11.8%, respectively).

IMSI in patients with globozoospermia and
macrocephalic sperm head syndrome

The high magnification approach is also of particular benefit
when used in situations in which the identification of spe-
cific sperm organelles is required, such as the acrosomal
components in cases of globozoospermia. Sermondade
et al. (2011) reported a successful pregnancy and healthy
childbirth in a case of total globozoospermia after IMSI.

Chelli et al. (2010) studied the chromosomal content of
spermatozoa selected by IMSI in two cases of macrocephalic
sperm head syndrome. FISH was performed in selected sper-
matozoa with normal-sized heads after IMSI selection. How-
ever, of the six spermatozoa that could be selected, all
were aneuploid.

IMSI drawbacks

Sperm selection under high magnification is performed using
a glass-bottomed dish that is appropriate for Nomarski

microscopy. On the other hand, the ICSI procedure is per-
formed with a plastic-bottomed dish that works with Hoff-
man modulation contrast. Therefore, it is important to
emphasize that switching between the two systems requires
additional time, delaying the injection procedure.

In addition, high magnification requires the use of an
appropriate video camera and software system, which is
able to provide digital zoom, an aspect that make MSOME
and IMSI very expensive approaches. It is noteworthy that
for IMSI, the optical magnification uses ranges from x1000
to x1500 and the additional magnification (x6600 and so
on) involves digital magnification with no further gain in
resolution.

Berkovitz et al. (2005) mentioned that the selection pro-
cess has an average range of duration between 1.5-5h.
Indeed, Balaban et al. (2011) demonstrated that the dura-
tion of the procedure was significantly longer in the IMSI
group as compared with the ICSI group (13.6 min versus
20.5 min; P < 0.001). Having said that, the extra time nec-
essary for sperm selection and the elevated equipment
costs are a limitation to a more widespread use of IMSI.

To date, a single study reported a potential harmful
impact of IMSI on the outcomes (Junca et al., 2010). A sig-
nificantly higher incidence of low birthweights for IMSI
infants was observed as compared with ICSI (29.1% versus
23.1%).

Conclusions

Sperm selection methods are an important challenge in
assisted reproduction because most sperm characteristics
cannot be tested, either in real time or in single cells
referred to the ICSI procedure. Sperm selection under a
maghnification of x400, in preparation for ICSI, allows the
identification of major sperm morphological defects but
does not provide information regarding the nuclear status
of the sperm cell.

An interesting solution was introduced with the advent of
MSOME, which is performed prior to the IMSI procedure,
under an overall optical magnification of at least x6000,
enabling the selection of spermatozoa free of nuclear
vacuoles, which are related to blockage of embryonic
development during and/or after implantation. Therefore,
IMSI has been proposed as an alternative to routine ICSI,
initially for couples with repeated ICSI failures and subse-
quently for couples with increased rates of DNA-fragmented
spermatozoa.

The efficiency of IMSI with regard to subsequent fertiliza-
tion, embryo development, implantation, pregnancy and
miscarriage rates has been the focus of several studies;
however, the results are controversial. These conflicting
results might have occurred due to differences in inclusion
criteria, stimulation protocols, seminal and oocyte qualities
and many other confounding variables within the IVF cycles.

In general, studies have not observed significant differ-
ences in fertilization rate following ICSI and IMSI. It has been
suggested that IMSI is not beneficial at improving the early
paternal effects (Mauri et al., 2010). Clinical evidence from
assisted reproduction suggests that failure to complete the
fertilization process, syngamy or early cleavage might be
the result of an early paternal effect (Barroso et al., 2009).



350

AS Setti et al.

This phenomenon may also account for the similar results
obtained with embryo quality after ICSI and IMSI. Another
important fact that could have influenced this outcome is
the day of development at which the top-quality embryo
rate was calculated.

On the other hand, the late paternal effect is character-
ized by poor embryo development to blastocyst stage,
implantation failure and pregnancy loss and is associated
with sperm abnormalities at the level of DNA chromatin.
Despite some controversies, several studies observed ten-
dencies or significantly better outcomes, mainly in blasto-
cyst formation, pregnancy and implantation rates,
following the utilization of IMSI compared with conventional
ICSI. Therefore, it seems that IMSI is effective in overcoming
the late paternal effects.

In the light of these findings, MSOME seems to be a surro-
gate tool for the selection of strictly morphologically nor-
mal spermatozoa prior to oocyte injection, resulting in
higher rates of embryonic development, blastocyst forma-
tion, implantation and pregnancy. It is noteworthy that
more prospective randomized trials are required to confirm
the superiority of IMSI over conventional ICSI and to identify
the causes of infertility that could benefit from the IMSI pro-
cedure. Nevertheless, as Vanderzwalmen and Fallet (2010)
proposed: ‘Are there any indications to not select the best
spermatozoa? Of course not.’
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Introduction Study selection and data extraction

In the last decade a new approach involving real-time, high-
magnification observation of unstained spermatozoa, named
‘motile sperm organelle morphology examination’ (MSOME),
has been introduced [1]. The incorporation of this technique
together with a micromanipulation system has allowed the
introduction of a modified intracytoplasmic sperm injection
(ICSI) procedure, known as intracytoplasmic morphologically
selected sperm injection (IMSI). This system of real-time
detailed morphological sperm examination at high magnifica-
tion, ranging from x6600 to x13,000 with Nomarski optics,
enables the selection of the best available motile spermatozoa
before oocyte injection [2-5].

Several studies have investigated the benefits of IMSI by
comparing the results obtained using this technique with those
obtained via ICSI; however, the results are controversial [2-
18]. Nevertheless, numerous publications have reported that IMSI
is positively associated with implantation and/or pregnancy rates
[2-5,7-12,16-18] in couples with previous and repeated implan-
tation failures and in patients with male factor infertility.

Meta-analysis provides an overall consensus from studies,
resulting in a more precise estimate than any of the individual
articles. A meta-analysis, published in 2010, comparing ICSI vs.
IMSI outcomes concluded that IMSI not only significantly improves
the percentage of top-quality embryos, implantation and preg-
nancy rates, but also significantly reduces miscarriage rates as
compared with ICSI [19]. However, this previous meta-analysis
included a single randomized controlled trial and two non-
randomized studies. Similarly, a more recent meta-analysis
showed a very-low-quality evidence that IMSI improves clinical
pregnancy [20]. These two meta-analyses did not take into account
the indications for ICSI; therefore, their results cannot be
generalized for all the couples undergoing ICSI. Therefore, the
aim of this study was to perform the first meta-analysis to compare
conventional intracytoplasmic sperm injection (ICSI) outcomes
and intracytoplasmic morphologically selected sperm injection
(IMSI) outcomes in couples with previous ICSI failures (IF) or male
factor infertility (MF).

Materials and methods
Literature search

A computerized search in MEDLINE (from January 2001 until
April 2013) was performed to identify articles reporting on
the comparison between ICSI and IMSI outcomes. Keywords used
were: “Intracytoplasmic morphologically selected sperm injec-
tion”, “motile sperm organelle morphology examination” “IMSI”,
“MSOME” and “high magnification ICSI”. The search was not
restricted for articles written in English. References detected with
the related articles function in Pubmed were also checked to
identify cited articles not captured by electronic searches. The
reference lists of eligible primary studies were examined for
identification of additional articles.

Grey literature (abstracts, unpublished studies, conference
proceedings, graduate theses, book chapters, company reports, and
applications) was not included in this meta-analysis. Studies
dealing with azoospermia and sperm DNA fragmentation and
studies in which patients acted as their own controls were
excluded from the subsequent analysis. No strict selection
according to the experimental designs or language was applied.
The main outcome measures were implantation, pregnancy and
miscarriage rates. Studies were selected in a two-stage process
(illustrated in Fig. 1). At the first screening, the titles and abstracts
from the electronic searches were scrutinized by two reviewers
independently (A.S. and D.B.). Studies with lack of any relevance
were excluded and full manuscripts of all citations that were likely
to meet the predefined selection criteria were obtained. Second,
final inclusion or exclusion decisions were made on examination of
full manuscripts by both reviewers.

Two independent investigators (A.S. and D.B.) extracted the
data from all eligible trials. Discrepancies were resolved by the
involvement of another investigator (R.F.). From each eligible trial
we recorded for both arms the following data: demographic

Total number of citations from
electronic searches and from
examination of reference lists of
primary and review articles

n=171

Citations excluded after screening
for duplicates

n=76

Citations excluded after screening
titles and/or abstracts

n=67

Full manuscripts retrieved for
detailed evaluation

n=28

Citations excluded after
evaluation of full manuscripts ja

n=15

Primary articles included in the
systematic review

n=13

Fig. 1. Study selection process for systematic review.
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(authors, type of study, country of origin, patients’ mean age at
enrollment and period of enrollment), procedural (number of
patients included, inclusion and exclusion criteria for patients’
populations) and outcome data (implantation, pregnancy and
miscarriage rates).

The Newcastle-Ottawa Quality Assessment Scales for obser-
vational studies [21] were implemented. This instrument
assesses the quality of nonrandomized studies in 3 broad
categories (patient selection [4 criteria], comparability of study
groups |1 criterion], and assessment of the outcome [3 criteria]).
In this meta-analysis, following quality assessment standards of
previous meta-analyses, studies that met 5 or more of the
Newcastle-Ottawa Scale criteria were considered to be of higher
quality.

Statistical analysis

From each study, outcome data were extracted in 2 x 2 tables
by the two reviewers (A.S. and D.B.). The measure of heterogeneity
(non-combinability) was evaluated by I?. For a non-significant I?
result a fixed model was used. For a significant I? result, a random
model (DerSimonian and Laird) was used. The results were pulled
using Mantel-Haenszel statistic model and are expressed as ORs
with 95% confidence intervals (CIs). The meta-analysis was
conducted using the RevMan 5.2 Software (Cochrane Collabora-
tion, Oxford, UK).

Results
Literature identification and study characteristics

The process of literature identification and selection is
summarized in Fig. 1. A total of 171 studies were initially
retrieved from the literature. At first screening, after removing
duplicates (n=76) and excluding citations after screening
titles and/or abstracts (n = 67), a total of 28 published studies,
which compared IMSI and ICSI outcomes, were considered
for inclusion [2-16,18,22-33]. After the second screening,
out of the 28 studies, 13 fulfilled our predetermined criteria
[2,5-8,10-12,14-16,22,33]. The included studies and their
characteristics, as well as the results for the Newcastle-Ottawa
quality assessment scales for non-randomized studies are
listed in Table 1.

Data on ICSI outcomes

The 13 selected studies comprised 1715 IMSI cycles and
2750 ICSI cycles. The quality and the main characteristics of the
included studies are presented in Table 1. The overall result of the
meta-analysis is displayed in Fig. 2.

Couples with previous implantation failures

Out of the thirteen selected studies, six investigated couples
with previous implantation failures [2,5,7,8,10,14]. The six studies
comprised 440 IMSI cycles and 667 ICSI cycles.

Implantation rate

Four studies reported their implantation rates. A total of 181
gestational sacs resulted from 680 transferred embryos (26.6%)
in IMSI cycles compared with 76 out of 635 in ICSI cycles (12.0%).
The overall result of meta-analysis was in favor of IMSI and
considered as statistically significant (OR: 2.88; CI: 2.13-3.89)
(Fig. 2.1a).

Pregnancy rate

Six studies reported their pregnancy rates. In IMSI group, a total
of 188 pregnancies were obtained out of 440 cycles (47.0%) and
189 out of 667 ICSI cycles (28.3%). The overall result of meta-
analysis was in favor of IMSI and considered as statistically
significant (OR: 2.07; CI: 1.22-3.50) (Fig. 2.1b).

Miscarriage rate

Four studies reported their miscarriage rates. In IMSI cycles, 15
miscarriages occurred out of 114 pregnancies (13.2%) compared
with 19 out of 58 in ICSI cycles (32.8%). The overall result of meta-
analysis was in favor of IMSI and considered as statistically
significant (OR: 0.31; CI: 0.14-0.67) (Fig. 2.1c).

Couples with male factor infertility

Out of the thirteen selected studies, ten investigated couples
with male factor infertility [6,7,10-12,14-16,22,33]. The ten
studies comprised 1275 IMSI cycles and 2083 ICSI cycles.

Implantation rate

Seven studies reported their implantation rates. A total of 417
gestational sacs resulted from 1908 transferred embryos (21.9%) in
IMSI cycles compared with 314 out of 1838 in ICSI cycles (17.1%).
The overall result of meta-analysis was in favor of IMSI and
considered as statistically significant (OR: 1.56; CI: 1.11-2.18)
(Fig. 2.2a).

Pregnancy rate

Nine studies reported their pregnancy rates. In IMSI group, a
total of 534 pregnancies were obtained out of 1234 cycles (43.3%)
and 782 out of 2029 ICSI cycles (38.5%). The overall result of meta-
analysis was in favor of IMSI and considered as statistically
significant (OR: 1.61; CI: 1.17-2.23) (Fig. 2.2b).

Miscarriage rate

Six studies reported their miscarriage rates. In IMSI cycles, 53
miscarriages occurred out of 369 pregnancies (14.4%) compared
with 50 out of 289 in ICSI cycles (17.3%). No significant difference
was observed between the IMSI and ICSI groups (OR: 0.86; CI:
0.56-1.32) (Fig. 2.2¢).

Comment

This is the first meta-analysis that draws together the reports of
the ICSI x IMSI outcomes, addressing couples with IF or MF. Out of
28 relevant studies identified in the current literature, 13 studies
met the eligibility criteria and were identified as suitable for this
meta-analysis. The overall results of our meta-analysis for
implantation, pregnancy and miscarriage rates were in favor of
IMSI in couples with IF. Additionally, the overall result of our meta-
analysis for implantation and pregnancy rate was in favor of IMSI
in couples with MF.

It is now well established that the sperm is necessary not only
for the key events of fertilization, such as the activation of oocyte,
but also for embryonic development from the initial cleavages to
the activation of the embryonic genome. It has been demonstrated
that spermatozoa have an early and a late paternal effect on
embryonic development [34]. The early paternal effect can
influence fertilization and early stages of embryo development
and is the consequence of sperm cytoplasmic content. The late



Table 1

Characteristics and quality of the included studies comparing ICSI and IMSI outcomes.

References Design ICSI IMSI Indication Inclusion criteria Methods Implantation Pregnancy Miscarriage Newcastle—
cycles cycles rate (%) rate (%) rate (%) Ottawa
scale S, C, O
[33] Randomized 39 38 Unselected Unselected infertile population Couples were randomized to ICSI ICSI: 15.2 X X X
study infertile and IMSI groups IMSI: 29.6°
population
and a
subpopulation
with MF
[1] Comparative 50 50 IF Female age <37 years, >3 The IMSI outcomes were ICSI: 9.5 ICSI: 30.0 ICSI: 33.0 2,13
study retrieved ova, male infertility, matched with ICSI outcomes IMSI: 27.9¢ IMSI: 66.0° IMSI: 9.0¢
previous failure of >2 ICSI cycles from similar couples
[4] Comparative 80 80 IF Female age <37 years, >3 The IMSI outcomes were ICSI: 9.4 ICSI: 25.0 ICSI: 14.0 2,13
study retrieved ova, male infertility, matched with ICSI outcomes IMSI: 31.3¢ IMSI: 60.0° IMSI: 40.0¢
previous failure of >2 ICSI cycles from similar couples
[22] Randomized 219 227 MF Female age <35 years, severe Couples were randomized to ICSI ICSI: 11.3 ICSI: 26.5 ICSI: 24.1 X
study oligoasthenoteratozoo spermia and IMSI groups IMSI: 17.3¢ IMSI: 39.2¢ IMSI: 16.9°
[8] Cohort study 30 30 IF Female age <38 years, previous The IMSI outcomes were ICSI: 29.7 ICSI: 50.0 ICSI: 26.6 2,12
failure of >2 ICSI cycles matched with ICSI outcomes IMSI: 44.8° IMSI: 63.0% IMSI: 15.7¢
from similar couples
[12] Randomized 37 20 MF Poor semen quality and all Couples were randomized into ICSI: 6.8 ICSI: 8.1 X X
study arrested embryos following a ICSI and IMSI groups IMSI: 17.1° IMSI: 25.0°
prolonged 5-day culture in
previous ICSI cycles
[14] Comparative 55 63 IF Female age <39 years, >4 Couples were divided into ICSI ICSI: 9.8 ICSI: 19.0 ICSI: 31.6 31,2
study retrieved ova in previous cycles, and IMSI groups and the IMSI: 13.6° IMSI: 26.0° IMSI: 15.4°
previous failure of >2 ICSI cycles outcomes were compared
with good quality embryos
Comparative 45 37 IF and a Female age <39 years, >4 Couples were divided into ICSI ICSI: 11.2 ICSI: 24.4 ICSI: 36.4
study subpopulation retrieved ova in previous cycles, and IMSI groups and the IMSI: 11.8% IMSI: 32.4* IMSI: 16.7%
with MF patients with male factor with outcomes were compared
>2 ICSI attempts
References Design ICSI IMSI Indication Inclusion criteria Methods Implantation Pregnancy Miscarriage Newcastle—
cycles cycles rate (%) rate (%) rate (%) Ottawa
scale S, C, O
[15] Randomized 250 250 MF Isolated male factor infertility, Couples were randomized into ICSI: 25.4 ICSI: 36.8 ICSI: 17.9 X
study >6 oocytes available on retrieval ICSI and IMSI groups IMSI: 23.8° IMSI: 37.2¢ IMSI: 18.4°
[16] Randomized 125 125 MF Sperm concentration between Patients were randomized to ICSI ICSI: 14.8 ICSI: 40.0 X X
study 1 x 10%/ml and 20 x 105/ml or IMSI techniques and outcomes IMSI: 24.2¢ IMSI: 65.6¢
were compared
[11] Randomized 70 52 MF Isolated teratozoospermia, >6 Patients were randomized to ICSI ICSI: 29.0 ICSI: 24.0 ICSI: 11.8 X
study mature oocytes available on or IMSI techniques and outcomes IMSI:16.5¢ IMSI: 48.0¢ IMSI: 20.0%
retrieval were compared
[6] Randomized 139 125 MF Female age <38 years, at least 2 The oocytes were split into ICSI ICSI: 32.2 ICSI: 36.7 ICSI: 2.0 X
study and no more than 20 mature (n=1548) and IMSI groups IMSI: 30.3% IMSI: 34.4% IMSI: 7.0°

oocytes. Cycles with fresh
ejaculated spermatozoa with
concentration >0.1 million/ml
were included

(n=1557) and the fertilization
and percentage of high-quality
embryos were compared
between the groups
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Table 1 (Continued)

References Design ICSI IMSI Indication Inclusion criteria Methods Implantation Pregnancy Miscarriage Newcastle—
cycles cycles rate (%) rate (%) rate (%) Ottawa
scale S, C, 0
[7] Prospective 130 90 IF Couples with mild male factor Couples were divided into ICSI ICSI: 28.8 ICSI: 26.0 X 41,3
non-randomized who had at least two and IMSI groups and the IMSI: 34.4° IMSI: 24.0°
study implantation failures after outcomes were compared
transfers of good-quality
embryos
126 132 MF Patients with severe Couples were divided into ICSI ICSI: 20.1 ICSI: 26.0 X
teratozoospermia at their first or and IMSI groups and the IMSI: 30.7¢ IMSI: 46.0°
second attempt outcomes were compared
References Design ICSI IMSI Indication Inclusion criteria Methods Implantation Pregnancy Miscarriage Newcastle-
cycles cycles rate (%) rate (%) rate (%) Ottawa
scale S, C, 0
[10] Cohort study 322 127 IF Failed fertilization or less than Couples were divided into ICSI X ICSI: 38.0 X 41,3
20% fertilization rate in a and IMSI groups and the IMSI: 56.0°
previous IVF treatment, total outcomes were compared
motile count <1.5 million after
sperm wash and preparation or
normal morphology of <2%
and>90% head defects (WHO
2010 criteria) or <5% and >90%
head defects
1033 269 MF Failed fertilization or less than Couples were divided into ICSI X ICSI: 46.0 X
20% fertilization rate in a and IMSI groups and the IMSI: 47.0°

previous IVF treatment, total
motile count <1.5 million after
sperm wash and preparation or
normal morphology of <2%
and>90% head defects or <5%
and >90% head defects

outcomes were compared

Note: IF—implantation failure; MF—male factor.
2 Not significantly different from ICSI.
PNot applicable.
¢ Significantly different from ICSI.
X—not evaluated; S—selection; C—comparability; O—outcome.
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paternal effect reflects DNA contents and can impair embryo
development from day 3 to day 5. Several DNA abnormalities have
been associated with the occurrence of sperm nuclear vacuoles.
Consequently, it may be suggested that the improvements in
clinical outcomes after IMSI compared with ICSI is explained by an
optimal selection of spermatozoa free of vacuoles having the best
chances to produce a viable blastocyst with higher implantation
potential. In fact, Delaroche et al. [35] recently observed that the
number of extended embryo culture cycles and the mean number
of blastocysts obtained were higher in IMSI cycles than in ICSI
cycles. In a recent study investigating the effects of sperm vacuoles
in early and late outcomes, Greco et al. [36] observed that
statistically significant differences were detected in the “late”
outcomes, such as pregnancy, implantation, and live birth rates.
The use of IMSI has also been associated with decreased likelihood
of malformations in offspring [37,38].

The first meta-analysis on ICSI x IMSI outcomes was published
in 2010, and concluded that IMSI not only significantly improves
the percentage of top-quality embryos, implantation and preg-
nancy rates, but also significantly reduces miscarriage rates as
compared with ICSI[19]. However, only 3 studies (one randomized
and two nonrandomized studies) that fitted the predetermined

2.1 Previous ICSI failures

a) Implantation

101

criteria were available at the time. More recently, a new meta-
analysis showed that the evidence that IMSI improves clinical
pregnancy is of very low quality [20]. Moreover, no evidence of
effect on live birth or miscarriage was observed. The authors
suggested that further trials are necessary to improve the evidence
quality before recommending IMSI in clinical practice. One could
argue why this previous meta-analysis and ours have such
different results and recommendations, given that only random-
ized clinical trials were included in Teixeira’s study and therefore
our grounds are less solid. The meta-analysis of Teixeira et al. did
not take into account the indications for ICSI; therefore, their
results cannot be generalized for all the couples undergoing ICSI
which might explain the discrepancies in the findings and
conclusions.

A weakness of this meta-analysis is related to the lack of
consensus among the included studies regarding the number of
previous ICSI attempts and the definition of male factor, which
could have introduced a bias. In addition, prior failures in ICSI
cycles constituted an inclusion criterion in several studies
employing IMSI. Additionally, the implantation rate may be
underestimated because it was not calculate per patient but per
transferred embryos.

IMSI [o1]] Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Bartoov et al. 53 190 17 175 24.0% 3.60[1.99, 6.50] 2003 =
Berkovitz et al. 69 248 23 248 31.2% 3.77 [2.26, 6.29] 2006 -
Gonzalez-Ortega et al. 35 78 25 84 25.0% 1.92[1.01, 3.67] 2010 -
Oliveira et al. 24 164 11 128 19.8% 1.82[0.86, 3.88] 2011 I
Total (95% CI) 680 635 100.0% 2.88[2.13, 3.89] L 2
Total events 181 76
e Ohiz = _ _ 2= 240 | L \ )
est for overall effect: Z = 6.88 ( . ) Favours ICSI Favours IMSI
b) Pregnancy
IMSI ICsI Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Bartoov et al. 33 50 15 50 15.3% 4.53[1.95, 10.51] 2003 -
Berkovitz et al. 48 80 20 80 17.8% 4.50[2.29, 8.84] 2006 -
Gonzalez-Ortega et al. 19 30 15 30 12.8% 1.73[0.62, 4.84] 2010 N
Oliveira et al. 14 63 8 55 13.8% 1.68 [0.65, 4.37] 2011 T
Klement et al. 52 127 97 322 21.6% 1.61[1.05, 2.46] 2013 =
El Khattabi et al. 22 90 34 130 18.7% 0.91[0.49, 1.70] 2013 -
Total (95% Cl) 440 667 100.0% 2.07 [1.22, 3.50] L 4
Total events 188 189
ity: 2 = . 2= = = 2= 0, I } t |
_I}-_ietfrfogeneltyl.l T:u N 2%92 ;3:1| o —13387[” 5 (P =0.006); I? =70% 0.01 oA 1 10 100
est for overall effect: Z = 2.71 (P = 0.007) Favours ICSI Favours IMSI
c) Miscarriage
IMSI ICsI Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Bartoov et al. 3 33 5 15 28.6% 0.20[0.04, 0.99] 2003 I
Berkovitz et al. 7 48 8 20 44.2% 0.26 [0.08, 0.85] 2006 — &
Gonzalez-Ortega et al. 3 19 4 15 17.2% 0.52[0.10, 2.77] 2010 - =1
Oliveira et al. 2 14 2 8 10.0% 0.50 [0.06, 4.47] 2011 - 1
Total (95% CI) 114 58 100.0% 0.31 [0.14, 0.67] -
Total events 15 19
itv: Chiz = - - 2= 0o L \ , ;
Heterogeneity: Chi? = 0.92, df = 3 (P = 0.82); I? = 0% '0_01 0'1 1'0 100'

Test for overall effect: Z = 2.96 (P = 0.003)

Favo‘urs IMSI Favours ICSI

Fig. 2. Meta-analysis. Results are expressed as odds ratios (OR) with 95% of confidence intervals (CI). Fixed and random models assume homogenous and heterogeneous
studies, respectively.
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2.2 Male factor

a) Implantation rate
IMSI ICSI Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Antinori et al. 97 560 59 521 19.9% 1.64 [1.16, 2.32] 2008 -
Oliveira et al. 11 93 13 116 9.6% 1.06 [0.45, 2.50] 2011 -
Setti et al. 168 664 156 613 22.0% 0.91[0.71, 1.18] 2011 -
Knez et al. 6 35 3 44 4.4% 2.83[0.65, 12.24] 2011 T
Balaban et al. 32 108 16 105 12.6% 2.34[1.19,4.59] 2011 -
Wilding et al. 86 355 48 324 18.8% 1.84[1.24,2.72] 2011 -
Knez etal. 27 93 19 115 127% 2.07[1.06, 4.02] 2012 _'_
Total (95% Cl) 1908 1838 100.0% 1.56 [1.11, 2.18] &
Total events 417 314
i Tau? = 0.12: Chi2 = - - =679 I } } |
_Il-_ietiogeneltyl.l T?fu N 2122 gshl o _1(7).(9)2136df 6 (P =0.006); I>=67% 001 01 1 0 100
est for overall effect: Z = 2.58 (P = 0.010) Favours ICSI Favours IMSI
b) Pregnancy rate
IMSI ICslI Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
Antinori et al. 89 227 58 219 14.0% 1.79[1.20, 2.67] 2008 -
Wilding et al. 80 122 44 110 12.0% 2.86 [1.68, 4.87] 2011 -
Knez et al. 5 20 3 37  35% 3.7810.80, 17.89] 2011 T
Setti et al. 93 250 92 250 14.5% 1.02[0.71, 1.46] 2011 T
Oliveira et al. 12 37 11 45  6.9% 1.48 [0.56, 3.90] 2011 T
Knez etal. 25 52 17 70 8.8% 2.89[1.34,6.24] 2012 -
De Vos et al. 43 125 51 139 12.4% 0.90 [0.55, 1.50] 2013 -
Klement et al. 126 269 473 1033 15.8% 1.04[0.80, 1.37] 2013 T
El Khattabi et al. 61 132 33 126 121% 2.42[1.43,4.09] 2013 -
Total (95% Cl) 1234 2029 100.0% 1.61[1.17, 2.23] *
Total events 534 782
ity: 2= - Chiz = = = C12=719 + + t }
;ietf;ogeneltyl.l T?fu N 2152 ggl o _ZS.ggadf 8 (P =0.0005); I?=71% 0.002 01 10 500
est for overall effect: Z = 2.90 (P = 0.004) Favours ICSI Favours IMSI
c) Miscarriage rate
IMSI ICSI Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Antinori et al. 15 89 14 58 31.2% 0.64 [0.28, 1.44] 2008 —
Wilding et al. 1 80 0 44 1.4% 1.68[0.07,42.09] 2011
Knez et al. 1 5 2 3 44% 0.13[0.00,3.22] 2011
Setti et al. 29 158 28 156 51.0% 1.03[0.58, 1.82] 2011 -
Oliveira et al. 2 12 4 11 7.7% 0.35[0.05,2.47] 2011 - 1
Knez etal. 5 25 2 17 42% 1.88[0.32, 11.02] 2012 A
Total (95% Cl) 369 289 100.0% 0.86 [0.56, 1.32]
Total events 53 50
Rz = _ _ = 0o " \ ) )
Heterogeneity: Chi? = 3.96, df = 5 (P = 0.55); I = 0% |0.01 0'1 1' 1'0 100'

Test for overall effect: Z = 0.70 (P = 0.48)

Favo-urs IMSI Favours ICSI

Fig. 2. (Continued ).

Six studies included in the present meta-analysis were non-
randomized. All the randomized studies evaluated couples with
MF, thus, the results obtained for couples with IF are based on
solely non-randomized studies. It is important to highlight that the
results for the IF group are based on nonrandomized studies only,
hence a low quality evidence has been observed. Conversely, in a
recent review of IMSI indications, Boitrelle et al. [39] concluded
that the only confirmed indication for IMSI is recurrent implanta-
tion failure following ICSI and that all other potential indications
require further investigation.

In this study, we could have tried to minimize the heterogeneity
by limiting the meta-analysis to a small more homogeneous group
of studies. However, this limits the scope of the meta-analysis and
essentially throws away useful information [40]. Moreover, it has
been suggested that heterogeneity improves the generalizability of
the results of the meta-analysis [41,42]. Therefore, it was decided
to maintain all the included studies and use, whenever appropri-
ate, the random effect model developed by DerSimonian and Laird

[43], which incorporates the heterogeneity in the analysis of the
overall result.

The IMSI method itself has its drawbacks; it is important to
emphasize that switching between the glass-bottomed dish that is
appropriate for Nomarski microscopy and the plastic-bottomed
dish that works with Hoffman modulation contrast requires
additional time, delaying the injection procedure. In addition, high
magnification requires the use of an appropriate video camera and
software system, an aspect that make MSOME and IMSI very
expensive approaches. Having said that, the extra time necessary
for sperm selection and the elevated equipment costs are a
limitation to a more widespread use of IMSI [44].

Based on our results we conclude that IMSI increases the odds of
implantation by 50% and pregnancy by 60% in couples with MF. In
light of improved clinical outcomes, we recommend promoting the
IMSI method in couples with MF. Moreover, IMSI results in a 3-fold
increase in implantation rate, a 2-fold increase in pregnancy rate
and a 70% decrease in miscarriage rate as compared to ICSI in
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couples with IF, however, as no randomized evidence exists,
randomized studies are needed to confirm the IMSI benefits in
couples with IF.

Condensation

IMSI increases the odds of implantation by 50% and pregnancy
by 60% in couples with MF, and results in a 3-fold increase in
implantation rate, a 2-fold increase in pregnancy rate and a 70%
decrease in miscarriage rate as compared to ICSI in couples with IF.
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O artigo publicado trata-se da primeira meta-analise que compara 0s
resultados de ICSI e IMSI em casais com fator masculino de infertilidade e falha
prévia de ICSI.

Os resultados da presente meta-analise para as taxas de implantacdo e
gestacdo foram a favor da IMSI em casais com fator masculino de infertilidade.
Ainda, os resultados da meta-analise para as taxas de implantacdo, gestacdo e
aborto foram a favor da IMSI em casais com falha prévia de ICSI.

E importante ressaltar que os resultados observados para casais com falha
prévia de ICSI foram baseados em seis estudos ndo randomizados, portanto, a
evidéncia deve ser considerada de baixa qualidade. Por outro lado, os resultados
observados para casais com fator masculino de infertilidade foram baseados em
sete estudos randomizados, garantindo assim uma evidéncia de alta qualidade.

A IMSI quando comparada a ICSI resulta em taxa de implantacéo trés vezes
maior, taxa de gestacdo duas vezes maior e taxa de aborto 70% menor em casais
com falha prévia de ICSI. Entretanto, devido a baixa qualidade da evidéncia, os
beneficios da técnica de IMSI nesses casais ainda precisam ser confirmados em
ensaios randomizados.

A IMSI aumenta a chance de implantacdo e gestacdo em 50% e 60%,
respectivamente, em casais com fator masculino de infertilidade e, esta evidéncia de
alta qualidade sugere que a técnica pode ser introduzida na rotina com seguranca,

trazendo beneficios para esses casais.
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Conclui-se que a IMSI quando comparada com a ICSI:

* Melhora as taxas de implantagéo, gestacdo e aborto em casais com
falha prévia de ICSI,

» Melhora as taxas de implantacdo e gestacdo, porém ndo melhora as

taxas de aborto em casais com fator masculino de infertilidade.



7. REFERENCIAS BIBLOGRAFICAS

18



19

Antinori M, Licata E, Dani G, Cerusico F, Versaci C, d'Angelo D, Antinori S.
Intracytoplasmic morphologically selected sperm injection: a prospective randomized
trial. Reprod Biomed Online. 2008;16:835-41.

Balaban B, Yakin K, Alatas C, Oktem O, Isiklar A, Urman B. Clinical outcome of
intracytoplasmic injection of spermatozoa morphologically selected under high
magnification: a prospective randomized study. Reprod Biomed Online. 2011;22:472-
76.

Bartoov B, Berkovitz A, Eltes F. Selection of spermatozoa with normal nuclei to
improve the pregnancy rate with intracytoplasmic sperm injection. N Engl J Med.
2001;345:1067-8.

Bartoov B, Berkovitz A, Eltes F, Kogosovsky A, Yagoda A, Lederman H, Artzi S,
Gross M, Barak Y. Pregnancy rates are higher with intracytoplasmic morphologically
selected sperm injection than with conventional intracytoplasmic injection. Fertil
Steril. 2003;80:1413-9.

Bartoov B, Berkovitz A, Eltes F, Kogosowski A, Menezo Y, Barak Y. Real-time fine
morphology of motile human sperm cells is associated with IVF-ICSI outcome. J
Androl. 2002;23:1-8.

Berkovitz A, Eltes F, Lederman H, Peer S, Ellenbogen A, Feldberg B, Bartoov B.
How to improve IVF-ICSI outcome by sperm selection. Reprod Biomed Online.
2006;12:634-8.

Berkovitz A, Eltes F, Soffer Y, Zabludovsky N, Beyth Y, Farhi J, Levran D, Bartoov B.
ART success and in vivo sperm cell selection depend on the ultramorphological

status of spermatozoa. Andrologia. 1999;31:1-8.

Borini A, Tarozzi N, Bizzaro D, Bonu MA, Fava L, Flamigni C, Coticchio G. Sperm
DNA fragmentation: paternal effect on early post-implantation embryo development
in ART. Hum Reprod. 2006;21:2876-81.



20

De Vos A, Van de Velde H, Bocken G, Eylenbosch G, Franceus N, Meersdom G,
Tistaert S, Vankelecom A, Tournaye H, Verheyen G. Does intracytoplasmic
morphologically selected sperm injection improve embryo development? A

randomized sibling-oocyte study. Hum Reprod. 2013;28:617-26.

El Khattabi L, Dupont C, Sermondade N, Hugues JN, Poncelet C, Porcher R, Cedrin-
Durnerin I, Levy R, Sifer C. Is intracytoplasmic morphologically selected sperm
injection effective in patients with infertility related to teratozoospermia or repeated
implantation failure? Fertil Steril. 2013;100:62-8.

Figueira Rde C, Braga DP, Setti AS, laconelli A, Jr., Borges E, Jr. Morphological
nuclear integrity of sperm cells is associated with preimplantation genetic aneuploidy
screening cycle outcomes. Fertil Steril. 2011;95:990-3.

Franco JG, Jr., Baruffi RL, Mauri AL, Petersen CG, Oliveira JB, Vagnini L.
Significance of large nuclear vacuoles in human spermatozoa: implications for ICSI.
Reprod Biomed Online. 2008;17:42-5.

Garolla A, Fortini D, Menegazzo M, De Toni L, Nicoletti V, Moretti A, Selice R, Engl
B, Foresta C. High-power microscopy for selecting spermatozoa for ICSI by

physiological status. Reprod Biomed Online. 2008;17:610-6.

Gonzalez-Ortega C, Cancino-Villarreal P, Perez-Torres A, Vargas-Maciel MA,
Martinez-Garza SG, Perez-Pena E, Gutierrez-Gutiedrrez AM. Intracytoplasmic
morphologically selected sperm injection (IMSI) vs intracytoplasmic sperm injection
(ICSI) in patients with repeated ICSI failure. Ginecol Obstet Mex. 2010;78:652-9.

Hazout A, Dumont-Hassan M, Junca AM, Cohen Bacrie P, Tesarik J. High-
magnification ICSI overcomes paternal effect resistant to conventional ICSI. Reprod
Biomed Online. 2006;12:19-25.



21

Klement AH, Koren-Morag N, Itsykson P, Berkovitz A. Intracytoplasmic
morphologically selected sperm injection versus intracytoplasmic sperm injection: a
step toward a clinical algorithm. Fertil Steril. 2013;99:1290-3.

Knez K, Tomazevic T, Zorn B, Vrtacnik-Bokal E, Virant-Klun I. Intracytoplasmic
morphologically selected sperm injection improves development and quality of
preimplantation embryos in teratozoospermia patients. Reprod Biomed Online.
2012;25:168-79.

Knez K, Zorn B, Tomazevic T, Vrtacnik-Bokal E, Virant-Klun I. The IMSI procedure
improves poor embryo development in the same infertile couples with poor semen
qguality: a comparative prospective randomized study. Reprod Biol Endocrinol.
2011;9:123.

Kruger TF, Acosta AA, Simmons KF, Swanson RJ, Matta JF, Oehninger S. Predictive
value of abnormal sperm morphology in in vitro fertilization. Fertil Steril. 1988;49:112-
7.

Kupker W, al-Hasani S, Schulze W, Kuhnel W, Schill T, Felberbaum R, Diedrich K.
Morphology in intracytoplasmic sperm injection: preliminary results. J Assist Reprod
Genet. 1995;12:620-6.

Liu DY, Baker HW. Sperm nuclear chromatin normality: relationship with sperm
morphology, sperm-zona pellucida binding, and fertilization rates in vitro. Fertil Steril.
1992;58:1178-84.

Lundin K, Soderlund B, Hamberger L. The relationship between sperm morphology
and rates of fertilization, pregnancy and spontaneous abortion in an in-vitro
fertilization/intracytoplasmic ~ sperm  injection  programme. Hum  Reprod.
1997;12:2676-81.



22

Mansour RT, Aboulghar MA, Serour GI, Amin YM, Ramzi AM. The effect of sperm
parameters on the outcome of intracytoplasmic sperm injection. Fertil Steril.
1995;64:982-6.

Mashiach R, Fisch B, Eltes F, Tadir Y, Ovadia J, Bartoov B. The relationship between
sperm ultrastructural features and fertilizing capacity in vitro. Fertil Steril.
1992;57:1052-7.

Nagy ZP, Liu J, Joris H, Verheyen G, Tournaye H, Camus M, Derde MC, Devroey P,
Van Steirteghem AC. The result of intracytoplasmic sperm injection is not related to

any of the three basic sperm parameters. Hum Reprod. 1995;10:1123-9.

Oliveira JB, Cavagna M, Petersen CG, Mauri AL, Massaro FC, Silva LF, Baruffi RL,
Franco JG, Jr. Pregnancy outcomes in women with repeated implantation failures
after intracytoplasmic morphologically selected sperm injection (IMSI). Reprod Biol
Endocrinol. 2011;9:99.

Palermo G, Joris H, Devroey P, Van Steirteghem AC. Pregnancies after
intracytoplasmic injection of single spermatozoon into an oocyte. Lancet.
1992;340:17-8.

Setti AS, Figueira Rde C, Braga DP, laconelli A, Jr., Borges E, Jr. Intracytoplasmic
morphologically selected sperm injection benefits for patients with
oligoasthenozoospermia according to the 2010 World Health Organization reference
values. Fertil Steril. 2011;95:2711-4.

Souza Setti A, Ferreira RC, Paes de Almeida Ferreira Braga D, de Cassia Savio
Figueira R, laconelli A, Jr., Borges E, Jr. Intracytoplasmic sperm injection outcome
versus intracytoplasmic morphologically selected sperm injection outcome: a meta-
analysis. Reprod Biomed Online. 2010;21:450-5.



23

Sukcharoen N, Sithiprave] T, Promviengchai S, Chinpilas V, Boonkasemsanti W.
Sperm morphology evaluated by computer (IVOS) cannot predict the fertilization rate

in vitro after intracytoplasmic sperm injection. Fertil Steril. 1998;69:564-8.

Svalander P, Jakobsson AH, Forsberg AS, Bengtsson AC, Wikland M. The outcome
of intracytoplasmic sperm injection is unrelated to 'strict criteria’ sperm morphology.
Hum Reprod. 1996;11:1019-22.

Teixeira DM, Barbosa MA, Ferriani RA, Navarro PA, Raine-Fenning N, Nastri CO,
Martins WP. Regular (ICSI) versus ultra-high magnification (IMSI) sperm selection for
assisted reproduction. Cochrane Database Syst Rev. 2013;7:CD010167.

Tesarik J. Paternal effects on cell division in the human preimplantation embryo.
Reprod Biomed Online. 2005;10:370-5.

Tesarik J, Greco E, Mendoza C. Late, but not early, paternal effect on human embryo

development is related to sperm DNA fragmentation. Hum Reprod. 2004;19:611-5.

Tesarik J, Mendoza C, Greco E. Paternal effects acting during the first cell cycle of

human preimplantation development after ICSI. Hum Reprod. 2002;17:184-9.

Vanderzwalmen P, Fallet C. [IMSI: indications, results and reflexions]. J Gynecol
Obstet Biol Reprod (Paris). 2008;39:22-5.

Wilding M, Coppola G, di Matteo L, Palagiano A, Fusco E, Dale B. Intracytoplasmic
injection of morphologically selected spermatozoa (IMSI) improves outcome after
assisted reproduction by deselecting physiologically poor quality spermatozoa. J
Assist Reprod Genet. 2011;28:253-62.

Zini A, Bielecki R, Phang D, Zenzes MT. Correlations between two markers of sperm
DNA integrity, DNA denaturation and DNA fragmentation, in fertile and infertile men.
Fertil Steril. 2001;75:674-7.



