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High-magnification selection of spermatozoa () cew=
prior to oocyte injection: confirmed
and potential indications

F Boitrelle *, B Guthauser, L Alter, M Bailly, M Bergere, R Wainer, F Vialard,
M Albert, J Selva

Department of Reproductive Biology, Cytogenetics and Gynaecology, Poissy General Hospital, F-78303 Poissy, France; EA
2493, Versailles University of Medicine and Science, F-78000 Versailles, France

* Comesponding author address: Department of Reproductive Biolbogy, Cytogenetics and Gynaecology, Poissy General Hospital, F-78303
Poissy, France. E-mail address: florenceboitrelle@yahoo.fr (F Boitrelle).

Florence Boitrelle, MD & working as an embryologist at Poissy General Hospital's assisted reproduction unit
since 2009. She is currently working on her PhD thesis on the links between sperm morphology, nudlear quality,
acrosome quality, genetics and epigenetics at the University of Versailles Saint-Quentin-en-Yvelines.

Abstract Intracytoplasmic morphologically selected sperm injection (IMSl) involves the use of differential interference contrast
microscopy at high magnification (at least x6300) to improve the observation of live human spermatozoa (particularly by showing
sperm head vacuoles that are not necessarily seen at lower magnifications) prior to intracytoplasmic sperm injection (ICSI) into
the oocyte. However, a decade after IMSI's introduction, the technique’s indications and ability to inaease pregnancy and/or birth
rates (relative to conventional ICSI) are subject to debate. In an attempt to clarify this debate, this work performed a systematic
literature review according to the PREMA guidelines. The PubMed database was searched from 2001 onwards with the terms “IMSI”,
"MSOME' and "high-magnification, sperm’. Out of 168 search results, 22 relevant studies reporting IMSI outcomes in terms of blas-
tocyst, pregnancy, delivery and/or birth rates were selected and reviewed. The studies” methodologies and results are described
and discussed herein. In view of the scarcity of head-to-head IMSl versus ICS studies, the only confirned indication for IMSI is recur-
rent implantation failure following ICSI. All other potential indications of INSI require further investigation. T8

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

KEYWORDS: human spermatozoa, IMSI, MSOME, outcome, pregnancy rate, vacuole

1472-6483/5 - see front matter @ 2013, Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.
http:/ /dx.doi.org/10. 1016/j.rbmo.2013.09.019
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Copyright © 2014. The Korean Society for Reproductive Medicine

Comparison between intracytoplasmic sperm injection and
intracytoplasmic morphologically selected sperm injection in oligo-
astheno-teratozoospermia patients

Hyung Jun Kim.Z" Hye Jin Yoon," Jung Mi Jang,’ Hwa Soon Oh," Yong Jun Lee,’ Won Don Lee,’ San Hyun
Yoon,? and Jin Ho Lim?

"Maria Fertility Hospital, Seoul, Korea.

’Feniliiy Research Center, Maria Medical Foundation, Seoul, Korea.

Ir?’Cornesnonding author: Hyung Jun Kim. Maria Fertility Hospital, Cheonho-daero 20-gil, Dongdaemun-gu, Seoul
130-812, Korea. Tel: +82-2-2250-5522, Fax: +82-2-2250-5549, Email: blue@mariababy.com
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Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract Go to:

Objective

The aim of this study was to evaluate the efficiency of the intracytoplasmic morphologically selected sperm
injection (IMSI) technique compared with conventional ICSI and previous ICSI attempts in oligo-astheno-
teratozoospermia (OAT) patients.

Methods

The sperms were selected under high magnification (6,600x) and used to induce fertilization in previous ICSI
patients by IMSI. These results were compared with previous conventional ICSI cycles in patients with OAT
infertility.

Results

These results demonstrated no significant difference in the fertilization rate between IMSI and previous ICSI
cycles (67.7% vs. 65.0%). However, the pregnancy and implantation rates with IMS| were significantly higher
than those of the ICSI cycles (33.3% vs. 12.5% and 14.6% vs. 5.4%, respectively; p<0.05). The miscarriage
rate among pregnant patients (18.2% vs. 37.5%) showed no statistically significant difference between groups.
Conclusion

Compared to conventional ICSI, this study found that IMSI increased the IVF-ET success rates in patients with
OAT.
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Low birth defects by deselecting abnormal () o
spermatozoa before ICSI

Nino Guy Cassuto ®*, André Hazout ®, Dominique Bouret ?, Richard Balet °,
Lionel Larue €, Jean Louis Benifla 9, Géraldine Viot €

2 Art Unit, Drouot Laboratory, Drouot Street, Paris 75009, France; ® Bleuets Hospital, Lasson Street, Paris 75012, France;
© Diaconesses Saint Simon Hospital, Sergent Bauchard Street, Paris 75012, France; 9 Trousseau Hospital, Arnold Netter
Avenue, Paris 70012, France; ® Cochin Hospital, Faubourg Saint Jacques, Paris 75014, France

* Corresponding author. E-mail address: guycassuto®labodrouot.com (NG Cassuto).

Nino Guy Cassuto is the head of the Drouot laboratory. Since 1995, he has also led the assisted reproduction
units of two hospitals in Paris. His research fields are embryo development and male infertility. He has published
national and international articles, particularly concerning sperm morphology. He continues to pursue his
interests in early embryo development, with a particular emphasis on the role of spermatozoa.

Abstract Consistent evidence from meta-analysis has linked assisted conception by IVF, and particularly intracytoplasmic sperm
injection (ICSl), with an increased risk of major birth defects. To compare the risk of major malformations of children born after
standard ICSI and after intracytoplasmic injection of morphologically selected spermatozoa (IMSI), a prospective population-based
study was conducted from 2005 to 2010. ICSI and IMSI were performed in only one assisted reproduction unit according to its clas-
sification of spermatozoa and using fresh semen. Medical data and follow up during 2 years of 1028 infants were collected. Major
malformations were identified and classified by an external independent physician. The two groups were similar concerning the par-
ents’ age, treatment, number of cocytes recovered, days of transfer, gestational age and birthweight. However, major malforma-
tions were significantly lower with IMSI (6/450, 1.33%) versus ICSI (22/578, 3.80%; adjusted odds ratio 0.35, 95% confidence interval
0.14-0.87, P = 0.014), mainly affecting boys (adjusted odds ratio 2.84, 95% confidence interval 1.24—6.53, P = 0.009). In conclusion,
the significantly decreased risk of major birth defects associated with IMSI remained decreased after multivariate adjustment and
highlights the beneficial effect of sperm selection before ICSI. e B
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Eur J Obstet Gynecol Reprod Biol. 2013 Dec;171(2):286-90. doi: 10.1016/j.ejogrb. 2013.09.006. Epub 2013 Sep 12.
Intracytoplasmic morphologically selected sperm injection is beneficial in cases of advanced maternal age: a
prospective randomized study.

Setti AS', Figueira RC, Braga DP, Aoki T, laconelli A Jr, Borges E Jr.

Author information

Abstract
OBJECTIVE: To evaluate advanced maternal age as a rationale for performing intracytoplasmic morphologically selected sperm injection (IMSI).

STUDY DESIGN: This study included couples undergoing intracytoplasmic sperm injection (ICSI) as a result of advanced maternal age (237 years
old). Sample size calculations were based on the assumption that a 15% difference in implantation rate would mean a clinically significant difference.
To achieve this difference, 33 cycles would be needed in each treatment arm (with a significance level of 5% and power of 85%). Couples were
randomly allocated to one of two sperm selection procedures (ICSI, n=33; or IMSI, n=33). Sperm selection in the ICSI group was analyzed under a
magnification of 400x. Sperm selection in the IMSI group was analyzed under high magnification of 6600x. The groups were compared with regard to
the outcome of the cycles.

RESULTS: IMSI cycles showed significantly higher implantation (4/33, 12.1% vs. 18/47, 38.3%, p=0.026) and pregnancy (4/29, 13.8 vs. 18/30, 60.0%
p<0.001) rates. The IMSI procedure positively influenced the blastocyst formation rate (RC: 15.00, R2: 49.9%, p=0.001) and implantation rate (RC:
24.04, R2: 9.6, p=0.027), and was determinant to the increased odds of pregnancy (OR: 9.0, Cl: 2.17-37.38, p=0.001).

CONCLUSION: It seems that the injection of a morphologically normal spermatozoon overcomes the low oocyte quality in older women, resulting in
improved embryo quality and in a 9-fold increase in the clinical pregnancy rate in couples with advanced maternal age.

Copyright © 2013 Elsevier Ireland Ltd. All rights reserved.

KEYWORDS: ICSI; IMSI; Oocyte quality; Sperm morphology

PMID: 24103532 [PubMed - in process]
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REVIEW
Twelve years of MSOME and IMSI: a review

Amanda Souza Setti >, Daniela Paes de Almeida Ferreira Braga *®,
Assumpto laconelli Jr P, Tsutomu Aoki ¢, Edson Borges Jr

® Sapientiae Institute — Centro de Estudos e Pesquisa em Reprodugdo Humana Assistida, Rua Vieira Maciel, 62, Sdo Paulo,
SP 04503-040, Brazil; ® Fertility — Centro de Fertilizacdo Assistida, Av. Brigadeiro Luis Antonio, 4545, Sao Paulo,

SP 01401-002, Brazil; © Faculdade de Ciéncias Médicas da Santa Casa de Sdo Paulo, Rua Dr. Cesdrio Motta Junior, 61,

Sdo Paulo, SP 01221-020, Brazil

= Corresponding author. E-mail address: edson@fertility.com.br (E Borges).

Amanda S. Setti obtained her BSc degree in 2005 at the University of Santo Amaro (UNISA) and specialized in
human assisted reproduction in 2007 at the Sapientiae Institute. At present, she is a scientific researcher of
Fertility — Centro de Fertilizacdo Assistida and Instituto Sapientiae and a Master’s degree student at Faculdade
de Ciéncias Médicas da Santa Casa de Sao Paulo in S0 Paulo, Brazil.

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. [~ %

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

KEYWORDS: ICSI, IMSI, MSOME, sperm morphology
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Cochrane Database Syst Rev. 2013 Jul 25;7-CD010167. doi: 10.1002/14651858.CD010167.pub2.
Regular (ICSI) versus ultra-high magnification (IMSI) sperm selection for assisted reproduction.
Teixeira DM, Barbosa MA, Ferriani RA, Navarro PA, Raine-Fenning N, Nastri CO, Martins WP.

Author information

Abstract

BACKGROUND: Subfertility is a condition found in up to 15% of couples of reproductive age. Gamete micromanipulation, such as intracytoplasmic
sperm injection (ICSI), is very useful for treating couples with compromised sperm parameters. Recently a new method of sperm selection named
'motile sperm organelle morphology examination’ (MSOME) has been described and the spermatozoa selected under high magnification (over 6000x)
used for ICSI. This new technique, named intracytoplasmic morphologically selected sperm injection (IMSI), has a theoretical potential to improve
reproductive outcomes among couples undergoing assisted reproduction technigues (ART).

OBJECTIVES: To compare the effectiveness and safety of IMSI and ICSI in couples undergoing ART.

SEARCH METHODS: We searched for randomised controlled trials (RCT) in electronic databases (Cochrane Menstrual Disorders and Subfertility
Group Specialized Register, the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, EMBASE, PsycINFO, CINAHL, LILACS), trials
registers (ClinicalTrials.gov, Current Controlled Trials, World Health Organization International Clinical Trials Registry Platform), conference abstracts
(1S1 Web of knowledge), and grey literature (OpenGrey); in addition, we handsearched the reference lists of included studies and similar reviews. We
performed the last electronic search on 8 May 2013.

SELECTION CRITERIA: We considered only truly randomised controlled trials comparing ICSI and IMSI to be eligible; we did not include quasi or
pseudo-randomised trials. We included studies that permitted the inclusion of the same participant more than once (cross-over or 'per cycle’ trials) only
if data regarding the first treatment of each participant were available.

DATA COLLECTION AND ANALYSIS: Two review authors independently performed study selection, data extraction, and assessment of the risk of
bias and we solved disagreements by consulting a third review author. We corresponded with study investigators in order to resolve any queries, as
required.

MAIN RESULTS: The search retrieved 294 records; from those, nine parallel design studies were included, comprising 2014 couples (IMSI = 1002;
ICSI = 1012). Live birth was evaluated by only one trial and there was no significant evidence of a difference between IMSI and ICSI (risk ratio (RR)
1.14, 95% confidence interval (Cl) 0.79 to 1.64, 1 RCT, 168 women, I(2) = not applicable, low-quality evidence). IMSI was associated with a significant
improvement in clinical pregnancy rate (RR 1.29, 95% CI 1.07 to 1.56, 9 RCTs, 2014 women, 1(2) = 57%, very-low-quality evidence). We downgraded
the quality of this evidence because of imprecision, inconsistency, and strong indication of publication bias. We found no significant difference in
miscarriage rate between IMSI and ICSI (RR 0.82, 95% CI10.59 to 1.14, 6 RCTs, 552 clinical pregnancies, I(2) = 17%, very-low-quality evidence).
None of the included studies reported congenital abnormalities.

AUTHORS’ CONCLUSIONS: Results from RCTs do not support the clinical use of IMSI. There is no evidence of effect on live birth or miscarriage and
the evidence that IMSI improves clinical pregnancy is of very low quality. There is no indication that IMSI increases congenital abnormalities. Further
trials are necessary to improve the evidence quality before recommending IMSI in clinical practice.
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Focus on intracytoplasmic morphologically selected sperm injection (IMSI): a
mini-review

Giuseppe Lo Monte, ! Fabien Murisier 2 Isabella Piva,! Marc Germond 2 and Roberto Marci'

Author information » Ardicle notes » Copyright and License information b

Abstract Go to:

VIpuY | Uiy

Intracytoplasmic sperm injection (ICSI) is the recommended treatment in many cases of male-factor
infertility. Several studies have demonstrated a positive correlation between optimal sperm morphology and
positive ICSI outcomes. In fact, spermatozoa with severe abnormalities of the head are well documented to
be associated with low fertilisation, implantation and pregnancy rates. However, a spermatozoon which s
classified as ‘normal’ by microscopic observation at low magnification could contain ultrastructural defects
that impair both the fertilisation process and embryonic development. The intracytoplasmic
morphologically selected sperm injection (IMSI) procedure changed the perception of how a spermatozoon
suitable for injection should appear. Sperm selection is carried out at x6000 magnification, allowing
improved assessment of the sperm nucleus. Currently, standardized clinical indications for IMSI are lacking
and the candidates are selected on the grounds of their medical history or of a careful analysis of the sperm
suspension. Further prospective randomized studies are needed to confirm the advantages of IMSI in
specific groups of patients. In addition to providing a brief overview of the IMSI procedure, this study aims
to review the literature, which explains the theoretical basis and the clinical outcomes of this technique.
Several reports show that IMSI 1s associated with improved implantation and clinical pregnancy rates as
well as lower abortion rates when compared to ICSI. Although a possible correlation between the sperm's
abnormal nucleus shape, increased DNA fragmentation and negative laboratory and clinical outcomes has
been long investigated. the results are conflicting.

iUy | usiey

Keywords: assisted reproduction technologies, ICSI, IMSI, infertility
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Summary

The aim of this work is to establish the relationship between the morphology of Infracytoplasmic Morphologically Selected Sperm Injection
(IMSl)-selected spermatozoa and their DNA integrity. The 45 ejaculates were randomly distributed into three treatment groups:
normozoospermic, oligoasthenozoospermic and oligoasthenotheratozoospermic samples. The evaluation of DNA integrity was performed
using the sperm chromatin dispersion test. It was established that DNA integrity of spermatozoa is strongly dependent on ejaculate quality
(P = 0.05). The count of spermatozoa with nonfragmented DNA in normozoospermic samples was high and independent from IMSI-
morphological classes (Class 1 versus Class 3, respectively) (P = 0.1). With decreased ejaculate quality, the percentage of spermatozoa
with nonfragmented DNA decreased significantly (P =< 0.05) independent from morphological class. Nevertheless, the rate of IMSI-selected
spermatozoa with fragmented DNA within of Class 1 in normozoospermic (Group 1), in oligoasthenozoospermic (Group 2) and in
oligoasthenotheratozoospermic (Group 3) samples was 21.1%, 31.8% and 54.1%, respectively. In conclusion, there is a direct relationship
between morphological parameters of spermatozoa and their DNA integrity. However, the IMSI technique alone is not enough for the
selection of spermatozoa with intact nuclei.
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Motile sperm organelle morphology
examination (MSOME) and sperm head
vacuoles: state of the artin 2013
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BACKGROUND: Approximately |0 years after the first publication introdudng the motile sperm organelle morphology examination
(MSOME), many questions remained about sperm vacuoles: frequency, size, localization, mode of occurrence, biologal significance and
impact on male fertility potential. Many studies have tried to characterize sperm vacuoles, to determine the sperm abnormalities possibly asso-
ciated with vacuoles, to test the diagnostic value of MSOME for male infertiiity or to question the benefits of intracytoplasmic morphologally
METHODS: We searched PubMed forarticles in the English language publishedin 2001 —20 12 regarding human sperm head vacuoles, MSOME
and |MSI.

RESULTS: A bibliographic analysis revealed consensus for the following findings: (i) sperm vacucles appeared frequently, often muliple and
preferentially anterior; (ii) sperm vacuoles and sperm chromatin immaturity have been assodated, particularly in the ase of large vacuoles;
(iii) teratozoospermia was a preferred indication of MSOME and IMSL

CONCLUSION: The high-magnificaion system appears to be a powerfu method to improve our understanding of human
spermatozoa However, its dinical use remains undear in the fiellds of male infertlity diagnosis and assisted reproduction techniques
(ARTs).
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Intracytoplasmic morphologically selected sperm injection outcomes: the role of
sperm preparation techniques
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§ Author information & Ardicle notes B Copyright and License information »

=]

S

o  Abstract Go to:

7

Y Purpose
To compare the results of intracytoplasmic morphologically selected sperm injection (IMSI) between
cycles in which the swim-up (SUP) or the density gradient centrifugation (DGC) techniques were used for
sperm preparation.
Methods
We evaluated 70 IMSI cycles performed in women with age < 37 years, undergoing IMSI as result of male
factor. The couples were divided into two groups: DGC group (n =26) and SUP group (n=44). The groups
were compared with regard to IMSI outcomes.

u; Results

%,:‘ There were no significant differences between SUP and DGC groups regarding the number of follicles,

E‘f oocytes, mature oocytes, oocyte yield and mature oocyte rate. Fertilization rate and high-quality embryos

g rate on day 5 of development were similar between SUP and DGC groups. Implantation, pregnancy and

o miscarriage rates were not statistically different between SUP and DGC groups (28.8 vs 33.3 %, 46.2 vs

-

3 57.1 % and 8.3 vs 4.2 %, respectively).

Conclusions

Both the SUP and the DGC techniques recover improved sperm fractions and result in similar IMSI
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Is intracytoplasmic morphologically
selected sperm injection effective in
patients with infertility related to
teratozoospermia or repeated
implantation failure?

Laila El Khattabi, Pharm.D.? Charlotte Dupont, Pharm.D.,*“ Nathalie Sermondade, M.D.,**
Jean-Noél Hugues, M.D., Ph.D.,® Christophe Poncelet, M.D., Ph.D.,® Raphael Porcher, M.D., Ph.D.,¢
Isabelle Cedrin-Durnerin, M.D.,® Rachel Lévy, M.D., Ph.D.,> and Christophe Sifer, M.D.?

* Service d'Histologie-Embryologie-Cytogénétique-CECOS and ® Service de Médecine de la Reproduction, Centre Hospitalier
Universitaire Jean Verdier, Assistance Publique-Hopitaux de Paris, Bondy; © Unité de Recherche en Epidémiologie
Nutritionnelle, UMR U557 Inserm, U1125 Inra, Cnam, Université Paris, CRNH IdF, Bobigny; and © Service de Biostatistique
et d'Informatique Médicale, Centre Hospitalier Universitaire Saint-Louis, Assistance Publique-Hopitaux de Paris,
Paris, France

Objective: To evaluate the potential benefit of intracytoplasmic morphologically selected sperm injection (IMS]) in patients selected for
either severe teratozoospermia or repeated implantation failure after conventional intracytoplasmic sperm injection (ICSI).

Design: Prospective nonrandomized observational study.

Setting: University hospital assisted reproduction unit.

Patient(s): Four hundred seventy-eight patients were enrolled to evaluate ICSI and IMSI results for two indications. The first group (T)
was composed of patients with severe teratozoospermia (< 10% normal spermatozoa in fresh ejaculated and selected semen, according
to David classification) and no or one previous ICSI failure. In the second group (IF), patients with at least two previous failed ICSI
attempts were enmolled in absence of severe male factor (>10% normal spemmatozoa in fresh ejaculated semen and >20% in
selected sperm).

Intervention(s): ICSI/IMSI, biologic, and clinical data collection.

Main Outcome Measure(s): Live-birth rate (LBR).

Result(s): In group T, LBR was significantly higher when IMSI procedure was used compared with ICSI (38% [50/132] vs. 20%
[25]1{26]}. I-ln]wmr. LBR observed in group IF was not significantly different between IMSI and ICSI procedures (21% [19/90] vs.
220 [28/130]).

Conclusion(s): IMSI procedure is a valuable option for patients with severe teratozoospennia at
their first or second attempts, but it does not improve pregnancy rate in patients with repeated OfzL
ICSI failures in the ahsence of severe male factor. (Fertil Steril® 2013;100:62-8. ©2013 by s
American Society for Reproductive Medicine.)

Key Words: ICSI, IMSI, high-magnification spermatozoa selection, live birth rate
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Sperm vacuoles negatively affect
outcomes in intracytoplasmic
morphologically selected sperm
injection in terms of pregnancy,
implantation, and live-birth rates

Ermanno Greco, M.D.,® Filomena Scarselli, M.Sc.,* Gemma Fabozzi, M.Sc.,* Alessandro Colasante, Ph.D.?
Daniela Zavaglia, M.D.,* Erminia Alviggi, Ph.D.,* Katarzyna Litwicka, M.D.,* Maria Teresa Varricchio, M.D.,®
Maria Giulia Minasi, M.Sc.,? and Jan Tesarik, M.D.P

* Centre for Reproductive Medicine, European Hospital, Rome, Italy; and® Clinica Margen, Molecular Assisted Reproduction
and Genetics, Granada, Spain

Objective: To retrospectively evaluate whether sperm vacuoles influence clinical results, with a particular focus on live-birth rates, in
101 intracytoplasmic morphologically selected sperm injection (IMSI) cycles.

Design: Retrospective, observational study.

Setting: Medical center.

Patient(s): A total of 101 couples with at least two failed intracytoplasmic sperm injection (ICSI) attempts and impaired sperm
morphology.

Intervention(s): Patients divided into two groups according to sperm morphology and vacuolization pattern: group A comprising
patients with good quality spermatozoa (type I and/or type Il spermatozoa) (n = 63 patients); group B comprising patients with low
quality spermatozoa (type Il and/or IV spermatozoa) (n = 38 patients).

Main Outcome Measure(s): Fertilization rate, embryo quality, pregnancy, implantation, and live-birth rates.

Result(s): No statistically significant differences were observed between group A and B with regard to “early” assisted reproduction
outcomes (fertilization rate and embryo quality). However, the “late” outcomes (pregnancy, implantation, and live-birth rates) were
statistically significantly higher in group A.

Conclusion(s): These results confimn a correlation between sperm vacuoles and a negative
IMSI outcome, suggesting that sperm vacuoles are related to the late paternal effect. (Fertil Ster-
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Abstract Because sperm vacuoles were marked as zones without chromatin in the sperm nucleus, which may reflect underlying
chromosomal or DNA defects, this study considered whether they influence the morphology and dynamics of early developmental
events in preimplantation embryos. Oocytes were injected with spermatozoa of four classes, according to the number and size
of vacuoles at <6000 magnification, and derived embryos were observed under time-lapse microscopy. For each embryo, the times
of pronuclei appearance and disappearance and the first, second and third divisions were determined and related to its respective
class of injected spermatozoa and its developmental stage. Embryos arising from normal class-l spermatozoa (without vacuoles)
reached the 4-cell stage significantly earlier than embryos developed from class-IV spermatozoa (with large vacuoles and other
abnormalities) (P=0.012). Blastocysts from class-l spermatozoa required the shortest mean time for all developmental events in
comparison with blastocysts from spermatozoa of other classes (with vacuoles). Blastocysts also showed significantly earlier first
division than arrested embryos in embryos arising from class-| spermatozoa (P = 0.033). An insight into the developmental dynamics
of embryo development according to morphology and head vacuoles of injected spermatozoa in morphologically selected
sperm-derived embryos was observed for the first time. @~
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