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ABSTRACT

PURPOSE: The intracytoplasmic morphologically selected sperm injection (IMSI) procedure has been associated with better laboratory and clinical
outcomes in assisted reproduction technologies. Less information is available regarding the relationship between embryo aneuploidy rate and the IMSI
procedure. The aim of this study is to compare the clinical outcomes and chromosomal status of IMSI-derived embryos with those obtained from intracy-
toplasmic sperm injection (ICSI) in order to establish a clearer view of the benefits of IMSI in infertile patients.

METHODS: We retrospectively analyzed a total of 11 cycles of IMSI and 20 cycles of ICSI with preimplantation genetic diagnosis. The fertilization rate,
cleavage rate, embryo quality, blastocyst development, aneuploidy rate, pregnancy rate, implantation rate, and miscarriage rate were compared between the
groups.

RESULTS: Similar rates of fertilization (70% and 73%), cleavage (98% and 100%), and aneuploidy (76.9% and 70.9%) were observed in the IMSI and ICSI
groups, respectively. The IMSI group had significantly more good quality embryos at day 3 (95% vs 73%), higher blastocyst development rates (33% vs 19%),
and greater number of hatching blastocysts (43% vs 28%), cycles with at least one blastocyst at day 5 (55% vs 35%), and blastocysts with good trophoectoderm
morphology (21% vs 6%) compared with the ICSI group (P < 0.001). Significantly higher implantation rates were observed in the IMSI group compared
with the ICSI group (57% vs 27%; P < 0.05). Pregnancy and miscarriage rates were similar in both groups (80% vs 50% and 0% vs 33%, respectively).
CONCLUSION: The IMSI procedure significantly improves the embryo quality/development by increasing the implantation rates without affecting the
chromosomal status of embryos. There is a tendency for the IMSI procedure to enhance the pregnancy rates and lower the miscarriage rates when compared

with ICSI.
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Introduction

Since the introduction of the intracytoplasmic sperm injection
(ICSI) in 1992, it became clear that the morphology of sper-
matozoa used for injection was related to fertilization and
pregnancy rates.> Nowadays, ICSI is used as a mechanism to
overcome male factor infertility by selecting motile spermato-
zoa with normal morphology and motility under a magnifica-
tion of x400. However, several studies have shown that subtle
morphological malformations of the sperm nucleus are related
to low fertilization rates,’ reduced blastocyst formation,* and
poor clinical outcomes.”~ Bartoov et al® introduced the motile
sperm organelle morphology examination (MSOME) using
high-power differential interference contrast optics, allowing
the implementation of a new method: the intracytoplasmic
morphologically selected sperm injection (IMSI). This high
magnification allowed the identification of spermatozoa with
a morphologically normal nucleus, which has a symmetrical
and oval shape with homogeneous chromatin mass and does

not demonstrate more than one vacuole involving less than
4% of the nuclear area.® Vacuoles are a possible indicator of
sperm DNA damage (fragmentation or denaturation)”!® and
negatively affect human embryo development.

Paternal influences cause about half of the infertile
couples to turn to assisted reproduction technology (ART)
procedures. Potential predictors of male factor infertility
include age, method of fertilization, reactive oxygen species,
sperm quality parameters, and DNA fragmentation. Further-
more, recent studies have suggested factors such as body mass
index, smoking, male age, and stress as additional causes of
infertility.!! The male factor exerts its influence primarily after
embryo genome activation, causing lower blastocyst quality
and affecting clinical outcomes.!? The adverse effects of sperm
quality are evident as early as in the pronuclear zygote stage,
embryo morphology, and low cleavage speed (early paternal
effect) and later related to failure in blastocyst formation
(late paternal effect).!3 Paternal effects have been shown to
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be related to repeated failure of assisted reproduction treat-
ment attempts.}*71¢ Since the sperm DNA represents half of
the offspring’s genomic material, a genetically normal sperm is
necessary for a successful fertilization, embryo development,
and clinical outcomes to produce healthy offspring.!1® Dam-
age and severe fragmentation of the sperm DNA can lead to
errors in the reproductive process that are associated with male
infertility.!*2° Various studies have reported a negative effect
of high levels of sperm DNA fragmentation on pregnancy rates
in ART.?"2> Sperm DNA fragmentation or errors in the first
meiotic divisions of the embryo, which are not under the DNA
correction mechanisms because the embryo’s genome is yet to
be activated, can lead to embryo aneuploidy,?® which is one of
the most important contributors to poor laboratory and clini-
cal outcomes of ART. Several studies have independently con-
cluded that human embryos intrinsically contain substantial

chromosomal errors?’-2?

and that this problem is exacerbated
as maternal age increases.’® Souza Setti et al3! compared the
IMSI and ICSI procedures and reported a significantly higher
percentage of top quality embryos, implantation and pregnancy
rates, and reduced miscarriage rates in patients from the IMSI
group compared with those observed in patients from the
ICSI group. Furthermore, Knez et al*? found, in a comparative
study between IMSI and ICSI procedures, a trend of higher
number of blastocysts per cycle in the IMSI group, but their
quality was independent of the procedure of sperm selection.

On the other hand, there is insufficient information
regarding the effect of IMSI, compared to ICSI, on the aneu-
ploidy rates in embryos. The study by Figueira Rde et al3
reported that the total aneuploidy rate was not statistically
different between IMSI and ICSI procedures, but there was
a significantly increased incidence of sex chromosome aneu-
ploidy in the ICSI embryos. Therefore, this study was con-
ducted to evaluate the overall effect of IMSI compared to
ICSI by evaluating the laboratory (fertilization, cleavage,
blastocyst development, embryo morphology) and clinical
outcomes (pregnancy and implantation rates), as well as the
embryo aneuploidy rate, in order to establish a clearer view of
the benefits of IMSI in couples with male infertility and its
impact on embryo aneuploidy.

Materials and Methods

Patients. A total of 31 cycles of IMSI (z = 11) and ICSI
(n = 20) procedures with preimplantation genetic diagnosis
(PGD) performed between July 2011 and February 2015 at
FERTILAB Laboratory of Assisted Reproduction (Lima,
Peru) were analyzed. Cases of azoospermia and egg donation
were not included.

'The causes for infertility among the patients in the IMSI
and ICSI groups were female factor (18% and 45%), male fac-
tor (9% and 10%), female and male factor (63% and 45%), and
unexplained factor (9% and 0%, respectively). Furthermore,
the ICSI and IMSI procedures were recommended by the
physician in charge of the patient’s fertility treatment and are

based on the patient’s medical chart, sperm DNA fragmenta-
tion, and previous in vitro fertilization (IVF) or ICSI failures.

All cycles and procedures were approved by the Institu-
tional Review Board and the associated Ethics Committee.
Written consent was obtained from all patients and their part-
ners included in this study. All experimental procedures were
performed according to the Declaration of Helsinki of 1975
and its modifications.

Assessment of sperm DNA fragmentation. Prior
to the hormonal stimulation, sperm DNA fragmentation
values were evaluated with the sperm chromatin disper-
sion test* using Halosperm® Kit (Halotech DNA). Briefly,
sperm samples from each patient, containing not <5 million
and >10 million spermatozoa per milliliter after dilution,
were used. The kit contains aliquots of agarose gel in Eppen-
dorf tubes. Each semen sample was processed after the agarose
gelled (by immersion in a water bath at 90°C for five minutes).
When the Eppendorf tubes reached a temperature of 37°C
(five minutes at 37°C in a dry atmosphere), 25 pUL of the
sperm samples was added and gently mixed. Then, 20 pL of
this mixture was placed on precoated slides and covered with
22 x 22-mm coverslides. The slides were maintained at 4°C
for five minutes to produce a microgel containing embedded
spermatozoa. The coverslides were gently removed, and the
slides were immersed in a previously prepared acid solution
(80 uL of HCI added to 10 mL of distilled water) for seven
minutes. After removal from this solution, the slides were
incubated for 25 minutes in 10 mL of lysing solution (provided
in the Halosperm kit). The slides were then rinsed in distilled
water, dehydrated in three concentrations of alcohol (70%,
90%, and 100% vol) for two minutes in each concentration,
and were either stored (storage was possible for several months
in optimal conditions) or processed immediately with a stain-
ing solution for 10 minutes with continuous airflow. Staining
was performed with 1:1 (vol/vol) Wright’s solution (Merck)
and phosphate-buffered saline solution (Merck). The slides
were rinsed in tap water, allowed to dry at room tempera-
ture, processed for upright or inverted bright-field microscopy
at X100, and covered with 22 X 22-mm coverslides. Operators
scored =500 spermatozoa for each patient according to the
patterns established by Fernindez et al.** Strong staining is
preferred to visualize the dispersed DNA loop halos. Removal
of sperm nuclear proteins results in nucleoids with a central
core and a peripheral halo of dispersed DNA loops. The sperm
tails remain preserved. The acid treatment produces DNA
unwinding that is restricted in those nuclei with high levels
of DNA strand breakage. After the subsequent lysis, sperm
nuclei with fragmented DNA produce very small or no halos
of dispersed DNA. However, nuclei without DNA fragmen-
tation release their DNA loops to form large halos.

Ovarian stimulation and oocyte collection. The men-
strual cycles of patients were stimulated using recombinant
follicle-stimulating hormone (rFSH; Gonal®, Merck Serono
Laboratories) according to previously established stimulation
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protocols,® and starting on day 2 of the menstrual cycle until
when at least three follicles reached ~18 mm in diameter.
The oocyte recovery was performed by vaginal ultrasound
under general anesthesia with intravenous injection of 200 mg
of propofol (Diprivan® 1% P/V; AstraZeneca Laboratories)
36 hours after the intramuscular application of human chori-
onic gonadotropin (Pregnyl®, Ferring Pharmaceutical).

During the follicular aspiration procedure, the oocytes
were recovered in Global® N-(2-Hydroxyethyl)piperazine-
N’-(2-ethanesulfonic acid)) (HEPES)-buffered medium
(LifeGlobal) supplemented with 10% vol/vol serum substitute
supplement (SSS; Irvine Scientific). After retrieval, cumulus—
oocyte complexes were manually trimmed of excess cumulus
cells and cultured in ~200 pL drops of Global® Fertiliza-
tion medium (LifeGlobal) supplemented with 10% vol/vol
SSS under mineral oil (Lite Oil®, LifeGlobal) at 37°C and
an atmosphere containing 6% CO,, 5% O,, and 89% N, for
five hours before the IMSI or ICSI procedure.

Evaluation and preparation of sperm samples. On the
day of the ICSI or IMSI procedure, semen samples were col-
lected by masturbation into sterile cups after three to five days
of abstinence. After semen liquefaction for 30 minutes at room
temperature, the concentration, progressive motility, and
morphology of spermatozoa were assessed according to the
World Health Organization criteria.®® Motile spermatozoa
were separated from the seminal plasma by centrifugation at

300x g for 10 minutes through 1.0 mL of 95% and 45% isolate

gradients (Irvine Scientific). The pellet was washed once by
centrifugation for three minutes and later resuspended in pre-
gassed Global® Fertilization medium supplemented with 10%
vol/vol SSS for the microinjection procedures.

Sperm selection for IMSI procedure. For sperm retrieval
and immobilization, a glass bottom dish (Willco Wells) with
one 5-UL microdroplet of polyvinylpyrrolidone (PVP; Irvine
Scientific) and another microdroplet of Global® HEPES-
buffered medium supplemented with 10% vol/vol SSS
under mineral oil were prepared. Spermatozoa were selected
under x10,160 magnification in an inverted microscope (IX71;
Olympus) equipped with a Normarski differential interference
contrast optics, x100/1.30 oil objective lens, and a variable
zoom lens. Spermatozoa were retrieved from the medium and
then transferred to the PVP microdroplet to be immobilized by
tail crushing. Afterward, they were classified according to their
morphology and grade of vacuolization pattern (types I-1V) as
described by Vanderzwalmen et al* (Fig. 1). The spermatozoa
with a normal morphology and presenting a vacuolization pat-
tern of type I or IT were used for injection into the oocytes.

Oocyte preparation and microinjection. For IMSI and
ICSI procedures, the oocytes were denudated by incubation
for ~30 seconds in 80 UI/mL of hyaluronidase (LifeGlobal).
The oocytes were then aspirated in and out of a glass pipette to
allow the complete removal of the cumulus and corona cells.
Only the metaphase II oocytes were selected for sperm injec-
tion, which was performed five hours after oocyte retrieval.

Figure 1. Grading of spermatozoa into four groups according to the presence or size of vacuoles. Grade |: normal form and no vacuoles (A). Grade I
normal form with less than or equal to two small vacuoles (B, C). Grade IIl: normal form with more than two small vacuoles or at least one large vacuole
(D, E). Grade IV: large vacuole and abnormal head shapes or other abnormalities (F, G).
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For sperm selection, a number of suitable spermatozoa
according to the number of retrieved oocytes were selected by
the MSOME method for IMSI or by morphology for ICSI.

Microinjection was performed in a plastic culture dish
containing four microdroplets of 10 pL of Global® HEPES-
buffered medium supplemented with 10% vol/vol SSS around
a 20 pL microdroplet of PVP at the center and covered with
mineral oil. The selected spermatozoa were transferred into
the PVP microdoplet, and the oocytes were placed on the
surrounding droplets. A single spermatozoon was aspirated
by the injection pipette and, after crushing the tail one more
time, injected into the oocyte as described elsewhere.?” Subse-
quently, all injected oocytes were cultured at 37°C in an atmo-
sphere of 6% CO,, 5% O,, and 89% N,,.

Fertilization, embryo culture, and transfer. Fertil-
ization was evaluated 1618 hours post injection (day 1) by
the presence of two pronuclei. The zygotes were individu-
ally cultured under mineral oil, in 10-puL droplets of Global®
medium supplemented with 10% vol/vol SSS from day 1 to
day 3. On day 3, the embryos were moved to fresh 10-puL
droplets of Global® medium supplemented with 10% vol/vol
SSS and cultured for two more days up to the transfer day in
blastocyst stage.

On day 3, the embryos were evaluated for cell number,
fragmentation, and multinucleation. Good quality day 3
embryos were defined as those with six to eight cells and =10%
of fragmentation. Good quality blastocysts were defined as hav-
ing an inner cell mass (ICM) and trophoectoderm (TE) type A
or B, according to Gardner’s scoring system.3® The ICM score
was evaluated as follows: type A = compact area, many cells
present; type B = cells are loosely grouped. The TE was scored
as follows: type A = many cells forming a tight epithelial net-
work of cells; type B = few cells forming a loose network of cells.

The embryos were transferred on day 5 using an Emtrac
embryo transfer catheter (Gynétics) that had been previously
washed with the culture medium. The catheter was completely
filled with the culture medium, and the embryos were filled
in the last 10 pL of the catheter. All transfers were performed
according to the methods previously described by Mansour.®
The blastocysts that were not transferred were cryopreserved
or discarded according to their morphology.

Embryo biopsy, fixation, and FISH analysis. In patients
with PGD indication, one cell per embryo was biopsied at the
third day after insemination following a protocol described else-
where.*0 Individual embryos were placed into calcium/magne-
sium-free media (PGD Biopsy Medium; LifeGlobal), and one
nucleated blastomere was mechanically removed through a hole
in the zona pellucida opened using Tyrode’s acid (LifeGlobal)
solution. After biopsies, the embryos were rinsed thoroughly
and returned to culture under mineral oil, in 10-pL droplets of
Global® medium supplemented with 10% vol/vol SSS.

The blastomeres were fixed individually following routine
protocols to minimize signal overlap and loss of micronuclei.*!
PGD analysis was performed by fluorescence in situ hybridization

(FISH) using probes specific for 12 chromosomes 8, 13, 14, 16,
18, 20, 21, 22 (Abbott Laboratories), X, Y, 15, and 17 (Cellay
Inc.) following the manufacturer’s instructions.

Pregnancy determinations. The biochemical pregnancy
was assessed 14 days after the embryo transfer by measuring
the human chorionic gonadotropin beta subunit in blood.
'The clinical pregnancy was determined by transvaginal ultra-
sonography to detect gestational sacs and fetal heartbeats at
approximately 21 and 28 days after transfer, respectively.

Statistical analysis. Statistical analysis was carried out
using the statistical package Stata 12 (StataCorp). Data are
represented as mean * standard deviation. Group comparisons
were made using the ’-test and Student’s #-test. Pvalues <0.05
were considered for showing statistically significant differences.

The normal fertilization rate was calculated from the
number of zygotes with two pronuclei of IMSI/ICSI and
divided by the number of injected oocytes by 100. The cleav-
age rate was calculated from the number of embryos with
six or more cells at day 3 and divided by the total number of
zygotes by 100. The implantation rate was calculated from the
number of gestational sacs observed by ultrasound at day 21
post transfer and divided by the total number of transferred
embryos by 100. The rate of clinical pregnancy was calculated
from the number of patients with at least one gestational sac
divided by the total number of transferred embryos by 100.
'The miscarriage rate was defined as the number of pregnancies
with a total loss of gestational sacs before 20 weeks of gesta-
tion divided by the numbers of pregnancies by 100. The aneu-
ploidy rate was defined as the number of genetically abnormal
embryos, analyzed by the 12 chromosomes, divided by the
total number of biopsied embryos by 100.

Results

During a period of three years and seven months, 31 couples
with an indication of a 12-chromosome PGD were involved
in 11 IMSI cycles (IMSI group) and 20 ICSI cycles (ICSI
group). There was no difference in terms of age of females and
males in both evaluated groups (Table 1). The mean number
of days of stimulation were significantly higher in the ICSI
group compared to that in the IMSI group (8.35 £ 1.39 vs
7.18 £ 0.75 days, respectively; P < 0.01); the same situation

Table 1. Characteristics of study patients.

IMSI ICSI

No. of cycles 11 20

Female age (years) (Mean + SD) 35.73+£5.75 37 +£4.68
Male age (years) (Mean + SD) 41.5+7.93 427+5.8
rFSH dose/patient (IU/L) 1207 + 339 1636 + 3222
(Mean + SD)

No. of days of stimulation 718 £0.75 8.35+1.39°
(Mean + SD)

Note: 2Statistically significant difference between IMSI and ICSI groups
(P < 0.001).
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Table 2. Seminal parameters in the IMSI and ICSI groups.

IMSI ICSI

Volume (mL) 3.29+1.18 2.68+1.03
Sperm concentration (x108/mL)  61.45+35.83  79.45+53.69
Progressive motility (%) 17.73+ 719 20.9 £ 15.37
Sperm morphology (%) 4.55+ 3.1 5.55+6.12
Sperm DNA fragmentation (%) 20.46 £ 12.06  18.47 +7.81

Note: P: NS.

was observed for the mean rFSH treatment dose when com-
paring the IMSI and ICSI groups (1636 + 322 vs 1207 *
339 IU/L, respectively; P < 0.01) (Table 1). The parameters
of morphology, volume, concentration, and progressive motil-
ity were similar between the IMSI and ICSI cycles (Table 2).
There was no difference in the DNA fragmentation percent-
ages between the IMSI and ICSI groups (20% vs 18%, respec-
tively; P: not significant [NS]).

Laboratory outcomes obtained from both groups
are shown in Table 3. A total of 67 and 139 oocytes were
retrieved from women of the IMSI and ICSI groups, of
which 60 and 127 oocytes were injected, respectively. The
normal fertilization rate (2PN) was similar in both evaluated
groups (IMSI group: 70% vs ICSI group: 73%). There was
no difference in the cleavage rate, but the percentage of good
quality embryos at day 3 was higher in the IMSI group (95%
vs 73%; P = 0.02). Blastocyst development rate was higher
in the IMSI group than in the ICSI group (33% and 19%,
respectively; P < 0.01). There was a statistically significant
tendency toward a higher number of cycles with at least one
blastocyst in the IMSI group (54% and 35.1%, P < 0.01)
and a lower number of cycles with all embryos arrested at
the morula stage or earlier (0% and 45%, P < 0.01). When
blastocysts developed, they did not differ in their quality
according to the procedure of sperm microinjection, except
for hatching blastocysts (43% and 28% for IMSI and ICSI,
respectively; P < 0.01) (Fig. 2). There were approximately

90%

80% = |MSI

70% 67% uICS

60% 57%

50%

40%

30%

20%

10% o 9%
0% 0%

Full blastocysts Expanded Hatching

blastocysts blastocysts

Figure 2. Blastocyst quality in the IMSI and ICSI cycles.
Note: *P < 0.001 between the IMSI and ICSI groups.

the same proportions of full (57% and 67%) and expanded
(0% and 5%) blastocysts in the current IMSI and ICSI group
cycles, respectively. The IMSI and ICSI groups presented
approximately the same proportions of blastocysts accord-
ing to the morphology of the ICM, but a tendency toward
a better TE morphology was observed in the IMSI group
(Fig. 3). Euploidy and aneuploidy rates were similar in both
study groups (23% vs 29% and 77% vs 71%, respectively;
P > 0.05) (Table 5).

Clinical outcomes obtained from both groups are shown
in Table 4. Cancelation rates, mainly because of abnormal
PGD or bad quality embryos, were similar in both groups
(64% and 65%). The mean number of embryos transferred per
patient was similar in both groups (1.75 £ 0.5 and 1.83 £ 0.41;
P: NS). The clinical pregnancy rate per transfer in the IMSI
group tended to be higher than that in the ICSI group (80%
vs 50%, P = 0.559), although not statistically significant. All
pregnancies achieved by the blastocyst transfer were single-
ton, and one pregnancy in the ICSI group terminated with an
abortion (0% vs 33%, P = 0.439). The implantation rate was
higher in the IMSI group than in the ICSI group (57% and
27%; P < 0.01); miscarriage rates were similar in both groups

(Table 4).

Table 3. Comparison of laboratory results between IMSI and ICSI
groups.

IMSI ICSI

No. of retrieved oocytes 67 139

No. of injected oocytes 60 127

No. of fertilized oocytes (%) 42 (70) 93 (73)

No. of embryos cleaved at day 3 (%) 41 (98) 93 (100)
Number of cells at day 3 (Mean £ SD) 7.25+1.15 6.99+0.95
No. of good quality embryos at 39 (95) 68 (73)2
day 3 (%)

No of blastocysts at day 5 (%) 14 (33) 18 (19)?

Note: 2Statistically significant difference between IMSI and ICSI groups
(P < 0.001).

100% 94%
90% @ IMSI
80% H|CSI
70%
60%
50%
40%
30%
20%
10%

0%

50%50% 50%50%

Grade A Grade B Grade A Grade B
Inner cell mass (ICM) Trophoectoderm (TE)
Figure 3. Comparison of ICM and TE from blastocysts between IMSI and

ICSI groups.
Note: *P < 0.001 between the IMSI and ICSI groups.
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Table 4. Clinical outcomes in the IMSI and ICSI groups.

IMSI ICSI

No. of cycles with embryo transfer 4 7
7(1.75£0.5) 11(1.83+£0.41)

No. total of embryo transferred

(Mean + SD)

Cycles with at least one blastocyst 552 35
at Day 5 (%)

Cycles with embryos available 0 5
to cryopreserve (%)

Pregnancy rate (%) 50 43
Implantation rate (%) 572 27
Miscarriage rate (%) 0 33

Note: 2Statistically significant difference between IMSI and ICSI groups
(P < 0.001).

Discussion
Cleavage rate, multinucleation, and embryo morphology at
the cleavage stage have been shown to be important mark-
ers of embryo quality and viability during in vitro culture.**
After the introduction of extended culture to blastocyst stage,
improved clinical outcomes have been reported because of
better embryo selection and better synchronization between
the embryo developmental stage and uterine environment.
However, with a better sperm selection, we can be confident
that embryos will have better chances of achieving the blas-
tocyst stage, thereby increasing their chances of implantation.

Classical parameters of sperm quality are not always
related to a good prognosis and fertility, since sperm DNA
fragmentation and head vacuoles might be present. This prob-
lem can be dealt with by the use of sperm selection under high
magnification or IMSI. The results from this study indicate
that patients undergoing ICSI would benefit from sperm
selection under high magnification. The benefits of IMSI to
improve outcomes in cases of male infertility patients have
already been published. 6324445

In the present study, couples included in both study groups
showed similar baseline characteristics (Tables 1 and 2), and thus
there were no confounding factors regarding sperm parameters,
oocyte characteristics, and infertility etiology. The IMSI and
ICSI differ only in terms of treatment characteristics, the total
doses of rfF'SH, and the number of days of stimulation (1636 £
322 vs 1207 £ 339 and 8.35 £ 1.39 vs 7.18 £ 0.75, respectively,
P < 0.01). This difference does not qualify as a confounding

Table 5. Aneuploidy rate in patients from IMSI and ICSI cycles
with PGD.

IMSI ICSI

No. of genetically analyzed embryos 39 86

Aneuploidy rate (%) 76.9 70.9

Aneuploid blastocyst (%) 16.0 22.0
Note: P: NS.

factor since several recent studies reported that gonadotropin
doses and duration of the protocol of controlled ovarian stimu-
lation are independent of laboratory and clinical outcomes.*¢47
Increasing the starting dose of FSH stimulation does not yield a
significant improvement in oocyte or embryo yield or pregnancy
rates observed following such an upward FSH dose adjustment.
Furthermore, a shorter protocol allows obtaining IVF results
similar to those of a classical long protocol with a high dose
of exogenous gonadotropins, as shown by recent studies and
meta-analysis.*®* In the present study, there were no differ-
ences in embryo quality until day 3 of development; however,
after the eight-cell stage, improvements occurred in the devel-
opment rate and in the blastocyst quality for IMSI patients, in
accordance with previous studies that suggested that the ben-
eficial effect of MSOME can be observed at the later stages
of embryo development.*3144>0 Therefore, the IMSI procedure
appears to positively affect embryo development closely to and
after the embryo genome activation, representing an early and
late paternal effect. Our hypothesis is that the presence of vacu-
oles and their size influence the outcome of an ART cycle by
an early and late embryo development action. Early paternal
effect is a consequence of sperm cytoplasmic content, which can
influence fertilization and early stages of embryo development
probably until the embryo genome activation at the four- to
eight-cell stage with a subsequent effect on cellular division and
embryo fragmentation, thereby affecting embryo quality.!3 The
increased top quality embryo rate observed in the IMSI group
is due to the early paternal effect of the sperm selected by the
MSOME method, which, in the absence of nuclear vacuoles,
can be observed at the early stages of embryo development.*!
These effects may be genetic or epigenetic, since a weak tran-
scriptional activity has been detected in human male pro-

5253 that is crucial for nucleolar development.®* More

nuclei
research is needed in order to ensure if this phenomenon that
causes a lag in male pronuclear development is the origin of the
observed early paternal effect on embryo development.

The elevated blastocyst development rate, high propor-
tion of good quality blastocysts, and high proportion of cycles
with at least one blastocyst in the IIMSI group are an indica-
tion that a late paternal effect is present. Various studies have
proved a positive association between sperm nuclear vacu-

910 and vacuoles and chroma-

oles and sperm DNA damage
tin remodeling during the sperm maturation process.”>*® An
error in the integrity of sperm chromatin can lead to abnormal
embryo development or failure to progress to the blastocyst
stage®”® because the sperm chromatin is highly condensed and
its insoluble nature plays a protective role during the transtfer
of paternal genetic information through the male and female
reproductive tracts.’’®! Sperm DNA fragmentation effects
can be present at different stages of the ART procedure, start-
ing from preimplantation development of the embryo to the
birth of healthy offspring. Several studies proved the effect
of sperm DNA damage and its correlation with crucial lab-
oratory and clinical outcomes, including fertilization rates,
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embryonic development, implantation, pregnancy, and mis-

carriage rates.%2764

If sperm selection had been done on the
same population who underwent IMSI, but using the classic
ICSI parameters, the odds of selecting spermatozoa with large
nuclear vacuoles (LNV) or multiple ones would have been very
high, thereby severely affecting posterior embryo development.
Moreover, some studies observed a significant improvement in
the implantation rate after IMSI in the presence of male factor-
related infertility.>>% The higher blastocyst development rate
in the IMSI procedure is related to the fact that in this group
approximately 60% of the cycles have at least one blastocyst
and few embryos were arrested at the morula stage or earlier;
with a higher chance of developing a blastocyst, there will be
a lower chance of an embryo to be arrested through develop-
ment. The blastocysts from the IMSI group were mostly high
quality ones, presenting better quality than those from the
ICSI procedure that had more low quality blastocysts (67% vs
57% of full blastocysts). Furthermore, the blastocysts from the
IMSI group showed a tendency for better ICM quality and a
statistically significant difference for a better TE quality by a
15% increment on grade A when compared with those from
the conventional ICSI. The initial contact between the blas-
tocyst and maternal tissues is by adhesion of the trophoblast
to the uterine epithelium and the cell-to-cell interaction. This
interaction is believed to be critical for implantation, so the
trophoblast quality highly influences the chances of embryo
implantation.®”-%° Therefore, by generating a better TE quality
blastocyst, the IMSI method has more likelihood of implan-
tation and pregnancy with a lower miscarriage rate, which is
in agreement with our findings. The role of the TE is bet-
ter understood during and after implantation as it plays a key
role in apposition, adhesion, and invasion of the endometrium,
thus allowing the blastocyst to embed in the uterus. The ICM
quality should not be disregarded since it would become the

7071 and thus, a low or bad

primordial structure of the fetus,
quality ICM could result in an unembryonated gestational sac.
Despite the fact that the implantation rate of the IMSI group
is higher, we observe no difference in the miscarriage rate.
'This can be due to multiple factors unrelated to embryo qual-
ity such as genetic, immunologic, and anatomic characteristics
of the patient. We should not forget that this study has very
few patients, so further studies should be addressed in order to
confirm the benefits in clinical outcomes observed (pregnancy,
implantation, and miscarriage rates).

Several studies indicate that the injection of DNA-
damaged or vacuolated spermatozoa is related to a blockage of
embryo development before and after implantation, reflecting a
late paternal effect,”"”2 providing more evidence to support the
fact that the ICSI method may yield lower embryo quality and
clinical outcomes than IMSI because of the chance of injecting
highly vacuolated and DNA-damaged sperm into the oocytes,”
since sperm DNA integrity, chromosomal constitution, and
nuclear morphology cannot be assessed in the sperm cell used
for ICSI. An adverse late paternal effect can be characterized

by poor embryo development to the blastocyst stage, implanta-
tion failure, and pregnancy loss as observed in the ICSI group.
Furthermore, a high percentage of abnormal spermatozoa with
LNV, according to MSOME criteria, was observed in male
patients older than 40 years,” and up to 65% of spermatozoa
that were deemed suitable for ICSI by conventional methods
were subsequently deselected after high magnification analysis
(MSOME).” Since the mean male age in both the study groups
was approximately 42 years and because male factor infertility
is mostly related to advanced paternal age, it is safe to assume
that in the cases of ICSI, the reduced potential of success can be
caused by the injection of abnormal sperm with LNV. In addi-
tion, LNV are closely associated with chromatin condensation
failure and a potential increase in susceptibility to DNA dam-
age during the IMSI/ICSI procedure,’®”” thereby explaining
the reduced potential of success of the ICSI procedures.

The IMSI sperm selection method requires more time
and the spermatozoa are present for a prolonged time in the
PVP microdroplet. This may be damaging to the sperm cells
since PVP can cause significant damage to sperm membranes
and induce the acrosome reaction, thereby reducing the fertil-
ization rate by causing injury to the ultrastructure of the mito-
chondria and sperm tail.”®”’ Some studies report that there
are risks of using the PVP microdroplet and that the pro-
longed exposure of sperm cells can lead to DNA damage.®%8!
Consequently, the IMSI method damages the sperm DNA,
since the average time to select a vacuole-free or less than 4%
of nuclear space is twice as that for conventional ICSL.1%7

On the other hand, a study on embryo aneuploidy
reported that the proportion of abnormal embryos is increased
with the severity of male factor condition, but the type of
defect depends on the sperm characteristics.®? In addition, less
information is available regarding the comparison of aneu-
ploidy rate between ICSI and IMSI, with one study reporting
that autosomal aneuploidy was not affected by sperm selection
method, but there was a higher sex chromosomal aneuploidy
in IMSI.33 The aneuploidy rates obtained in this study are in
agreement with previous studies that report embryo aneu-
ploidy in cleavage stage and blastocysts utilizing FISH®® and
comparative genomic hybridization (CGH).3*

However, our findings show that the aneuploidy rate
remains the same between the IMSI and ICSI groups, imply-
ing that the time used for selecting the suitable MSOME
grade spermatozoon on a PVP microdroplet is not detrimental
to DNA integrity and does not lead to lower embryo quality
or lower blastocyst development rates and that IIMSI presents
no apparent adverse effects. Furthermore, since no damage to
DNA is done, the IMSI procedure is adequate for patients
with elevated DNA fragmentation in order to select the sperm
with better morphology, but without increasing the under-
lying DNA fragmentation since it is related to poor semen

858 and clinical outcomes.’” Sperm aneuploidy

parameters
was not evaluated since the sperm DNA fragmentation test

is simpler, easier, and less expensive and its results have been
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proven to be correlated to sperm parameters and clinical
outcomes.?>=87

It is important to point out that aneuploidy is indepen-
dent of embryo quality since a good quality blastocyst can be
aneuploid and implanted, but it will result in a miscarriage.5?
This phenomenon was also observed in our PGD reports
(Table 5), where a significant number of embryos achieving
the blastocyst stage were aneuploid and unsuitable for trans-
fer (16% and 22% for IMSI and ICSI, respectively; P: NS).
However, it is important to indicate that the PGD diagnosis
by FISH provides information regarding only the 12 chro-
mosomes, in contrast to a method such as CGH that has a
24-chromosome resolution, which is associated with better
clinical outcome and more accurate PGD results.? We sug-
gest that further studies should be conducted with CGH in
order to obtain precise information about the effect of IMSI
on chromosome aneuploidy.

Conclusion

In conclusion, the IMSI procedure not only significantly
improves embryo morphology and implantation and pregnancy
rates but also presents a tendency to increase day 3 embryo
quality, reduce miscarriage rates, and maintain an equal
aneuploidy rate as compared with ICSI. The IMSI procedure
provides more viable blastocysts without chromosomal abnor-
malities as a consequence of a greater blastocyst development
rate that will increase the chances of having genetically normal
blastocysts. Despite the reduced number of cycles, these data
justify the clinical application of IMSI. Therefore, the IMSI
technique can be considered an alternative to bypass the gap
created by male factor infertility in couples trying to achieve
a successful ART cycle outcome. Well-designed prospective
studies, in which variables are controlled and include a greater
number of cycles, are needed in order to corroborate the ten-
dencies observed in this retrospective study and to reveal more

advantages regarding the application of IMSI in ART.

Author Contributions

Reported initial concept and designed the study: DL. Ana-
lyzed data: DL and JGF. Responsible for the original and
revised drafts of the manuscript: DL, RH, JD-C, RR, PZ, LV,
JG-F. All authors revised and approved the final manuscript.

REFERENCES

1. Palermo G, Joris H, Devroey P, Van Steirteghem AC. Pregnancies after intra-
cytoplasmic injection of single spermatozoon into an oocyte. Lancet. 1992;340:
17-18.

2. De Vos A, Van de Velde H, Joris H, Verheyen G, Devroey P, Van Steirteghem A.
Influence of individual sperm morphology on fertilization, embryo morphology, and
pregnancy outcome of intracytoplasmic sperm injection. Fertil Steril. 2003;79:42—48.

3. 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 out-
come. J Androl. 2002;23:1-8.

4. Vanderzwalmen P, Hiemer A, Rubner P, et al. Blastocyst development after
sperm selection at high magnification is associated with size and number of
nuclear vacuoles. Reprod Biomed Online. 2008;17:617-627.

10.

11
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Bartoov B, Berkovitz A, Eltes F, et al. Pregnancy rates are higher with intra-

cytoplasmic morphologically selected sperm injection than with conventional
intracytoplasmic injection. Ferzil Steril. 2003;80:1413-1419.

. Berkovitz A, Eltes F, Lederman H, et al. How to improve IVF-ICSI outcome by

sperm selection. Reprod Biomed Online. 2006;12:634—-638.

. Antinori M, Licata E, Dani G, et al. Intracytoplasmic morphologically selected

sperm injection: a prospective randomized trial. Reprod Biomed Online. 2008;
16:835-841.

. Bartoov B, Berkovitz A, Eltes F. Selection of spermatozoa with normal nuclei to

improve the pregnancy rate with intracytoplasmic sperm injection. N Engl ] Med.
2001;345:1067-1068.

. Franco JG Jr, Barufi RL, Mauri AL, Petersen CG, Oliveira JB, Vagnini L. Sig-

nificance of large nuclear vacuoles in human spermatozoa: implications for ICSI.
Reprod Biomed Online. 2008;17:42—45.

Garolla A, Fortini D, Menegazzo M, etal. High-power microscopy for selecting sper-
matozoa for ICSI by physiological status. Reprod Biomed Online. 2008;17:610~616.
Tournaye H. Male factor infertility and ART. Asian J Androl. 2012;14:103-108.
Tesarik J. Paternal effects on cell division in the human preimplantation embryo.
Reprod Biomed Online. 2005;10:370-375.

Tesarik ], Mendoza C, Greco E. Paternal effects acting during the first cell cycle of
human preimplantation development after ICSL. Hum Reprod. 2002;17:184-189.
Janny L, Menezo YJ. Evidence for a strong paternal effect on human preim-
plantation embryo development and blastocyst formation. Mol Reprod Dev. 1994;
38:36—42.

Hammadeh ME, al-Hasani S, Stieber M, et al. The effect of chromatin conden-
sation (aniline blue staining) and morphology (strict criteria) of human sperma-
tozoa on fertilization, cleavage and pregnancy rates in an intracytoplasmic sperm
injection programme. Hum Reprod. 1996;11:2468-2471.

Shoukir Y, Chardonnens D, Campana A, Sakkas D. Blastocyst development
from supernumerary embryos after intracytoplasmic sperm injection: a paternal
influence? Hum Reprod. 1998;13:1632-1637.

Spano M, Bonde JP, Hjollund HI, Kolstad HA, Cardelli E, Leter G. Sperm
chromatin damage impairs human fertility. The Danish First Pregnancy Planner
Study Team. Fertil Steril. 2000;73:43-50.

Giwercman A, Lindstedt L, Larsson M, et al. Sperm chromatin structure assay
as an independent predictor of fertility in vivo: a case-control study. Inz J Androl.
2010;33:€221-€227.

Agarwal A, Said TM. Role of sperm chromatin abnormalities and DNA damage
in male infertility. Hum Reprod Update. 2003;9:331-345.

Sakkas D, Manicardi GC, Bizzaro D. Sperm nuclear damage in the human.
Adv Exp Med Biol. 2003;518:73-84.

Host E, Lindenberg S, Smidt-Jensen S. The role of DNA strand breaks in human
spermatozoa used for IVF and ICSI. Acta Obstet Gynecol Scand. 2000;79:559-563.
Larson KL, DeJonge CJ, Barnes AM, Jost LK, Evenson DP. Sperm chromatin
structure assay parameters as predictors of failed pregnancy following assisted
reproductive techniques. Hum Reprod. 2000;15:1717-1722.

Morris ID, Ilott S, Dixon L, Brison DR. The spectrum of DNA damage in human
sperm assessed by single cell gel electrophoresis (Comet assay) and its relation-
ship to fertilization and embryo development. Hum Reprod. 2002;17:990-998.
Tomsu M, Sharma V, Miller D. Embryo quality and IVF treatment outcomes
may correlate with different sperm comet assay parameters. Hum Reprod. 2002;17:
1856-1862.

Benchaib M, Braun V, Lornage J, et al. Sperm DNA fragmentation decreases
the pregnancy rate in an assisted reproductive technique. Hum Reprod. 2003;18:
1023-1028.

Mantikou E, Wong KM, Repping S, Mastenbroek S. Molecular origin of mitotic
aneuploidies in preimplantation embryos. Biochim Biophys Acta. 2012;1822:
1921-1930.

Delhanty]D, Griffin DK, Handyside AH, et al. Detection of aneuploidy and chro-
mosomal mosaicism in human embryos during preimplantation sex determination
by fluorescent in situ hybridisation, (FISH). Hum Mol Genet. 1993;2:1183-1185.
Iwarsson E, Lundqvist M, Inzunza ], et al. A high degree of aneuploidy in
frozen-thawed human preimplantation embryos. Hum Genet. 1999;104:376-382.
Hodes-Wertz B, Grifo J, Ghadir S, et al. Idiopathic recurrent miscarriage is
caused mostly by aneuploid embryos. Fertil Steril. 2012;98:675-680.
Franasiak JM, Forman EJ, Hong KH, et al. The nature of aneuploidy with increas-
ing age of the female partner: a review of 15,169 consecutive trophectoderm biop-
sies evaluated with comprehensive chromosomal screening. Fertil Steril. 2014;
101:656.e—663.c.

Souza Setti A, Ferreira RC, Paes de Almeida Ferreira Braga D, de
CissiaSavioFigueira R, Iaconelli A Jr, Borges E Jr. Intracytoplasmic sperm injec-
tion outcome versus intracytoplasmic morphologically selected sperm injection
outcome: a meta-analysis. Reprod Biomed Online. 2010;21:450—455.

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 quality: a comparative prospective randomized study. Reprod Biol
Endocrinol. 2011;9:123.

36 l CLINICAL MEDICINE INSIGHTS: REPRODUCTIVE HEALTH 2015:9


http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-reproductive-health-journal-j114

»

Laboratory and clinical outcomes between ICSI and IMSI

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

. Figueira Rde C, Braga DP, Setti AS, Taconelli A Jr, Borges E Jr. Morphological

nuclear integrity of sperm cells is associated with preimplantation genetic aneu-
ploidy screening cycle outcomes. Ferzil Steril. 2011;95:990-993.

Fernindez JL, Muriel L, Rivero MT, Goyanes V, Vasquez R, Alvarez JG. The
sperm chromatin dispersion test: a simple method for the determination of sperm
DNA fragmentation. J Androl. 2003;24:59-66.

Tavmergen E, Goker E, Sendag F, Sendag H, Levi R. Comparison of short and
long ovulation induction protocols used in ART applications according to the
ovarian response and outcome of pregnancy. Arch Gynecol Obstet. 2002;266:5-11.
World Health Organization. Laboratory Manual for Examination and Processing.
5th ed. Geneva: WHO; 2010.

Garcia J, Noriega-Hoces L, Gonzales GF. Sperm chromatin stability and its
relationship with fertilization rate after Intracytoplasmic Sperm Injection (ICSI)
in an assisted reproduction program. J Assist Reprod Genet. 2007;24:587-593.
Gardner DK, Shoolcraft WB. Culture and transfer of human blastocysts. Curr
Opin Obstet Gynecol. 1999;11:307-311.

Mansour R. Minimizing embryo expulsion after embryo transfer: a randomized
controlled study. Hum Reprod. 2005;20:170-174.

Munné S, Sandalinas M, Escudero T, et al. Improved implantation after preim-
plantation genetic of aneuploidy. Reprod Biomed Online. 2003;7:91-97.

Velilla E, Escudero T, Munné S. Blastomere fixation technique and risk of mis-
diagnosis for PGD of aneuploidy. Reprod Biomed Online. 2002;4:210-217.

Desai N, Ploskonka S, Goodman LR, Austin C, Goldberg ], Falcone T. Analysis
of embryo morphokinetics, multinucleation and cleavage anomalies using contin-
uous time-lapse monitoring in blastocyst transfer cycles. Reprod Biol Endocrinol.
2014;20(12):54.

Kovacs P. Embryo selection: the role of time-lapse monitoring. Reprod Biol Endo-
crinol. 2014;12:124.

Berkovitz A, Eltes F, Yaari S, et al. The morphological normalcy of the sperm
nucleus and pregnancy rate of intracytoplasmic injection with morphologically
selected sperm. Hum Reprod. 2005;20:185-190.

Cassuto NG, Bouret D, Plouchart JM, et al. A new real-time morphology clas-
sification for human spermatozoa: a link for fertilization and improved embryo
quality. Fertil Steril. 2009;92:1616-1625.

Haas J, Zilberberg E, Kedem A, Dar S, Orvieto R. Do poor-responder patients
benefit from increasing the daily gonadotropin dose from 300 to 450 IU during
controlled ovarian hyperstimulation for IVF? Harefuah. 2015;154:114-117.
Wang X, Tsai T, Qiao J, Zhang Z, Feng HL. Impact of gonadotropins on oocyte
maturation, fertilisation and developmental competence in vitro. Reprod Fertil
Dew. 2014;26:752-757.

Revelli A, Chiadd A, Dalmasso P, et al. “Mild” vs. “long” protocol for controlled
ovarian hyperstimulation in patients with expected poor ovarian responsiveness
undergoing in vitro fertilization (IVF): a large prospective randomized trial.
J Assist Reprod Genet. 2014;31:809-815.

Lekamge DN, Lane M, Gilchrist RB, Tremellen KP. Increased gonadotrophin
stimulation does not improve IVF outcomes in patients with predicted poor
ovarian reserve. J Assist Reprod Genet. 2008;25:515-521.

Mauri AL, Petersen CG, Oliveira JB, Massaro FC, Baruffi RL, Franco JG Jr.
Comparison of day 2 embryo quality after conventional ICSI versus intracyto-
plasmic morphologically selected sperm injection (IMSI) using sibling oocytes.
Eur ] Obstet Gynecol Reprod Biol. 2010;150:42—46.

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;
19:611-615.

Ao A, Erickson RP, Winston RML, Handyside AH. Transcription of paternal
Y-linked genes in the human zygote as early as the pronucleate stage. Zygote.
1994;2:281-287.

Tesarik J, Kopecny V. Nucleic acid synthesis and development of human male
pronucleus. / Reprod Fertil. 1989;86:549-558.

Tesarik J, Kopecny V. Assembly of the nucleolar precursor bodies in human
male pronuclei is correlated with an early RNA synthetic activity. Exp Cell Res.
1990;191:153-156.

Berkovitz A, Eltes F, Ellenbogen A, Peer S, Feldberg D, Bartoov B. Does the
presence of nuclear vacuoles in human sperm selected for ICSI affect pregnancy
outcome? Hum Reprod. 2006;21:1787-1790.

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.

Seli E, Gardner DK, Schoolcraft WB, Moffatt O, Sakkas D. Extent of nuclear
DNA damage in ejaculated spermatozoa impacts on blastocyst development
after in vitro fertilization. Ferzil Steril. 2004;82:378-383.

Virro MR, Larson-Cook KL, Evenson DP. Sperm chromatin structure assay
(SCSA) parameters are related to fertilization, blastocyst development, and
ongoing pregnancy in in vitro fertilization and intracytoplasmic sperm injection
cycles. Fertil Steril. 2004;81:1289-1295.

Fraser L. Structural damage to nuclear DNA in mammalian spermatozoa: its evalu-
ation techniques and relationship with male infertility. Po/J Vet Sci. 2004;7:311-321.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Acharyya S, Kanjilal S, Bhattacharyya AK. Does human sperm nuclear DNA
integrity affect embryo quality? Indian | Exp Biol. 2005;43:1016-1022.

Evgeni E, Charalabopoulos K, Asimakopoulos B. Human sperm DNA frag-
mentation and its correlation with conventional semen parameters. J Reprod
Infertil. 2014;15:2-14.

Karydis S, Asimakopoulos B, Papadopoulos N, Vakalopoulos I, Al-Hasani S,
Nikolettos N. ICSI outcome is not associated with the incidence of spermatozoa
with abnormal chromatin condensation. In Vivo. 2005;19:921-925.

Lewis SE, Agbaje I, Alvarez J. Sperm DNA tests as useful adjuncts to semen
analysis. Syst Biol Reprod Med. 2008;54:111-125.

Aitken R], Koppers AJ. Apoptosis and DNA damage in human spermatozoa.
Asian J Androl. 2011;13:36-42.

Balaban B, Yakin K, Alatas C, Oktem O, Isiklar A, Urman B. Clinical outcome
od intracytoplasmatic injection of spermatozoa morphologically selected under hogh
magnification: a prospective randomized study. Rep Biomed Online. 2011;22:472—476.
Marci R, Murisier F, Lo Monte G, et al. Clinical outcome after IMSI procedure
in an unselected infertile population: a pilot study. Reprod Health. 2013;10:16.
Thie M, Réspel R, Dettmann W, et al. Interactions between trophoblast and uter-
ine epithelium: monitoring of adhesive forces. Hum Reprod. 1998;13:3211-3219.
Thie M, Denker HW. In vitro studies on endometrial adhesiveness for trophoblast:
cellular dynamics in uterine epithelial cells. Ce/ls Tissues Organs. 2002;172:237-252.
Aplin JD, Kimber SJ. Trophoblast-uterine interactions at implantation. Reprod
Biol Endocrinol. 2004;2:48.

Dyce], George M, Goodall H, Fleming TP. Do trophectoderm and inner cell mass
cells in the mouse blastocyst maintain discrete lineages? Development. 1987;100:
685-698.

Fleming TP. Quantitative analysis of cell allocation to trophectoderm and inner
cell mass in the mouse embryo. Dewv Biol. 1987;119:520-531.

Borini A, Tarozzi N, Bizzaro D, et al. Sperm DNA fragmentation: paternal effect
on early post-implantation embryo development in ART. Hum Reprod. 2006;
21:2876-2881.

de Almeida Ferreira Braga DP, Setti AS, Figueira RC, et al. Sperm organelle
morphologic abnormalities: contributing factors and effects on intracytoplasmic
sperm injection cycles outcomes. Urology. 2011;78:786-791.

Silva LF, Oliveira JB, Petersen CG, et al. The effects of male age on sperm analy-
sis by motile sperm organelle morphology examination (MSOME). Reprod Biol
Endocrinol. 2012;10:19.

Wilding M, Coppola G, di Matteo L, Palagiano A, Fusco E, Dale B. Intracy-
toplasmic injection of morphologically selected spermatozoa (IMSI) improves
outcome after assisted reproduction by deselecting physiologically poor quality
spermatozoa. J Assist Reprod Genet. 2011;28:253-262.

Boitrelle F, Guthauser B, Alter L, et al. The nature of human sperm head vacu-
oles: a systematic literature review. Basic Clin Androl. 2013;23:3.

Lavolpe M, Serna J, Uriondo H, Barrios E, Nodar F, Alvarez Sedé C. Sperm
nuclear vacuoles and DNA fragmentation. Is to talk about of the same issue?
Fertil Steril. 2013;100-S:5431-S432.

Kato Y, Nagao Y. Effect of PVP on sperm capacitation status and embryonic
development in cattle. Theriogenology. 2009;72:624-635.

Kato Y, Nagao Y. Effect of polyvinylpyrrolidone on sperm function and early
embryonic development following intracytoplasmic sperm injection in human
assisted reproduction. Reprod Med Biol. 2012;11:165-176.

Barak Y, Menezo Y, Veiga A, Elder K. A physiological replacement for polyvinyl-
pyrrolidone (PVP) in assisted reproductive technology. Hum Fertil (Camb). 2001,
4:99-103.

Balaban B, Lundin K, Morrell JM, Tjellstrém H, Urman B, Holmes PV. Analter-
native to PVP for slowing sperm prior to ICSI. Hum Reprod. 2003;18:1887-1889.
Magli MC, Gianaroli L, Ferraretti AP, Gordts S, Fredericks V, Crippa A.
Paternal contribution to aneuploidy in preimplantation embryos. Reprod Biomed
Online. 2009;18:536—542.

Fragouli E, Alfarawati S, Spath K, Wells D. Morphological and cytogenetic
assessment of cleavage and blastocyst stage embryos. Mo/ Hum Reprod. 2014;
20(2):117-126.

Keltz MD, Vega M, Sirota I, et al. Preimplantation genetic screening (PGS)
with Comparative genomic hybridization (CGH) following day 3 single cell
blastomere biopsy markedly improves IVF outcomes while lowering multiple
pregnancies and miscarriages. ] Assist Reprod Genet. 2013;30(10):1333-1339.
Boushaba S, Belaaloui G. Sperm DNA fragmentation and standard semen
parametersin Algerian infertile male partners. World ] Mens Health. 2015;33(1):1-7.
Garcia-Ferreyra J, Villegas L, Obst RR, Obst PZ, Hilario R, Casafranca G.
Sperm DNA fragmentation is significantly increased in those men with morpho-
logically abnormal spermatozoa. JFIV Reprod Med Genet. 2014;2:131.

Jin J, Pan C, Fei Q, et al. Effect of sperm DNA fragmentation on the clini-
cal outcomes for in vitro fertilization and intracytoplasmic sperm injection in
women with different ovarian reserves. Fertil Steril. 2015;103(4):910-916.
Sandalinas M, Sadowy S, Alikani M, Calderon G, Cohen J, Munné S. Devel-
opmental ability of chromosomically abnormal human embryos to develop to the
blastocyst stage. Hum Reprod. 2001;16:1954-1958.

CLINICAL MEDICINE INSIGHTS: REPRODUCTIVE HEALTH 2015:9 l 37


http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-reproductive-health-journal-j114

