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KEYWORDS Abstract

Sperm selection; Background: Delays in embryo kinetics, implantation failures in ICSI treatments and recurrent
Double-Strand miscarriages have been associated with high values of Double-Strand Breaks (DSB) in sperm DNA.
Breaks; While conventional methods for semen preparation have been shown to be inefficient reducing
Sperm DNA DSB values, Microfluidic Sperm Sorting (MSS) devices are promising tools to reduce this damage.
fragmentation; Objective: To study the clinical utility of an MSS device in ICS| treatments when the male partner
ICSI; presents increased DSB values, as compared to the use of conventional methods based on sperm
Microfluidic sperm motility.

sorting Methods: This retrospective cohort study included 28 infertile couples undergoing ICSI treat-

ments. Only couples where the male partner presented increased values of DSB were included.
DSB values were evaluated in semen samples by the Neutral Comet assay. Couples performed a
first ICSI cycle using conventional methods for semen preparation (Density Gradients and Swim-
up) and a second ICSI cycle using the ZyMot™ICSI (formerly named FertileChip®) microfluidic
device. Embryology and clinical outcomes were compared between ICSI cycles.

Results: Semen parameters and the number of obtained and fertilized oocytes did not show
differences between ICSI rounds. Clinical outcomes were statistically better when MSS was
used: the biochemical pregnancy rate increased 28.31%; the clinical pregnancy rate increased
35.56% and the number of live births increased 35.29%, as compared to the first ICSI cycle in
this group of patients.
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Conclusions: The ZyMot™ICSI microfluidic device improved the reproductive outcomes in cou-
ples where the male partner presented increased DSB values, when compared to the use of
conventional semen preparation techniques.

© 2022 Asociacion Espafola de Andrologia, Medicina Sexual y Reproductiva. Published by Else-
vier Espana, S.L.U. All rights reserved.

La seleccion espermatica mediante un dispositivo microfluidico mejora los resultados
de ICSI en pacientes con valores elevados de fragmentacion de cadena doble en el
ADN espermatico

Resumen

Antecedentes: Valores elevados de fragmentacion de cadena doble (DSB) en el ADN de los esper-
matozoides se han asociado con retrasos en la cinética embrionaria, fallos de implantacion en
ciclos de ICSI y con abortos de repeticion. Actualmente no hay evidencias de que los méto-
dos convencionales para la preparacion del semen puedan reducir los niveles de DSB. Por el
contrario, los nuevos dispositivos microfluidicos de seleccion espermatica (MSS) han mostrado
resultados prometedores en cuanto a la reduccion de la fragmentacion.

Objetivo: Evaluar el uso de un dispositivo MSS en ciclos de ICSI donde el varon presenta niveles
elevados de DSB, en comparacion con el uso de métodos convencionales basados en la seleccion
por motilidad.

Métodos: Este estudio retrospectivo ha incluido a 28 parejas infértiles que han realizado ciclos
de ICSI y donde se han detectado valores elevados de DSB en la muestra seminal del varon.
Los niveles de DSB se han analizado mediante el test Cometa Neutro. Las parejas realizaron un
primer ciclo de ICSI utilizando métodos convencionales para la preparacion del semen (gradi-
entes de densidad y Swim-up). Posteriormente, las parejas realizaron un segundo ciclo de ICSI
utilizando el dispositivo microfluidico ZyMot™ICSI (antes FertileChip®). Se han comparado los
resultados de embriologia y los resultados clinicos entre ambos tratamientos.

Resultados: No se han encontrado diferencias entre ambos ciclos de ICSI en cuanto a paramet-
ros seminales y el nUmero de ovocitos obtenidos y fecundados. Los resultados clinicos fueron
mejores cuando se uso el dispositivo MSS: se observo un incremento del 28,31% en la tasa de
embarazo bioquimico, del 35,56% en la tasa de embarazo clinico y del 35,29% en la tasa de
nacidos vivos, en comparacion con el uso de métodos convencionales.

Conclusiones: El dispositivo microfluidico ZyMot™ ICSI mejoré los resultados clinicos en ciclos
de ICSI cuando donde el vardn presentaba niveles elevados de DSB, en comparacion con métodos
convencionales de preparacion del semen.

© 2022 Asociacion Espanola de Andrologia, Medicina Sexual y Reproductiva. Publicado por
Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Since the first human pregnancies were achieved through
Assisted Reproductive Treatments (ART) in the 1970s, more
than eight million babies have been born worldwide thanks
to these techniques.' Different factors are responsible for
the significant improvement of ART clinical outcomes, such
as the standardization of the procedures and materials in
the laboratories or the introduction of the Intracytoplasmic
Sperm Injection (ICSI) technique in the 1990s.? All of these
improvements lead to a mean pregnancy rate per embryo
transfer of 35.0% in Europe and 35.8% in the USA, according
to the last available data.®*

A male factor is present in half of the infertility cases,
meaning that over 30 million men worldwide may expe-
rience reproductive difficulties of different aetiologies.>®

The evaluation of sperm DNA fragmentation has been an
emerging field during the last decade, showing that Single-
and Double-Strand Breaks (SSB and DSB, respectively) have
a major impact on embryos’ development and reproduc-
tive outcomes.” 8 Increased values of SSB in semen samples
have been associated with high levels of Reactive Oxy-
gen Species (ROS).° Moreover, ROS have also been shown
to negatively affect sperm motility through membrane,
axonemal and mitochondrial alterations.’® Since SSB are
produced in an extensive manner throughout all of the
genome, the presence of this damage may impair first
mitotic divisions in embryos." In this regard, the pres-
ence of SSB in sperm DNA has been associated with lower
pregnancy rates in natural conception and a higher risk of
preimplantation failures in ART.""'2 On the contrary, DSB
are mainly produced in a controlled manner by enzymatic
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mechanisms,'" for example, through the action of Spo11
during the prophase | stage of spermatogenesis to allow
homologous recombination.’® Endonuclease activity, envi-
ronmental toxics or alterations during histone-protamine
replacement can also induce DSB.'* Therefore, first mitotic
divisions could be possible in embryos after the injection of
sperm with DSB but may lead to lower embryo kinetics dur-
ing In Vitro Fertilization (IVF) treatments, and to a major
risk of pregnancy loss.” "

Among different tests to analyze sperm DNA fragmen-
tation, the Comet assay is able to discriminate between
SSB and DSB by performing alkaline and neutral versions
of the test, respectively.®" In this assay, isolated cells are
embedded in an agarose microgel and exposed to an elec-
trophoretic current. In the alkaline version of the Comet
assay, the double helix of DNA is denaturalized and breaks
affecting one DNA strand are visualized (SSB). In neutral pH
conditions, the double helix remains and only breaks affect-
ing both strands are visualized (DSB)."®

Before the microinjection of sperm during ICSI cycles,
semen samples must be processed. Conventional methods
for semen preparation include the Swim-up technique (SU),
where the sample is centrifuged and the pellet is resus-
pended in media to allow motile cells to swim to the upper
layer of the tube; or Density Gradients (DG), where two
layers of colloidal silica at different concentrations filter
centrifuged semen samples to obtain motile sperm with nor-
mal density."” These procedures require centrifugation steps
which have been widely described to produce iatrogenic
DNA damage through ROS formation in patients'® and fer-
tile donors." In this regard, ROS may increase DNA damage,
especially in sperm with previously compromised chro-
matin integrity.® Nevertheless, some authors have reported
that these conventional methods partially reduce the over-
all value of SSB in the semen sample because immotile
sperm are discarded.”® A recent study showed that the SU
procedure and the sperm selection process performed by
embryologists during ICSI cycles, based on morphology and
motility, significantly reduce SSB values, but did not appear
to have any effect in selecting sperm with low DSB damage.?'

New methodologies for sperm selection based on
microfluidics have recently emerged.-?> The microchan-
nels inside these devices imitate the natural sperm selection
process that happens inside the female reproductive tract.
Interestingly, these Microfluidic Sperm Sorting (MSS) devices
do not require centrifugation steps, therefore, avoiding
iatrogenic DNA and membrane damage.?® Also about DNA
damage, these devices have shown promising results redu-
cing DNA fragmentation values.?"2*

The main objective of the present study is to show the
first evidence on the potential beneficial effect on reproduc-
tive outcomes of the use of an MSS device in couples with
high levels of DSB in semen.

Material and methods

Samples and groups

This retrospective cohort study included two consecutive
ICSI cycles from 28 infertile couples. A first ICSI cycle was
performed using DG and SU for semen preparation. After

the failure of this cycle, males were assessed for DSB val-
ues by the Neutral Comet assay, showing altered values
(>60%, internal cut-off value). A second ICSI cycle was pro-
grammed using an MSS device with the objective of reducing
DSB values. No lifestyle changes were recorded between
either ICSI cycles, including nutritional or toxic consump-
tion, for both the female and the male partners. Couples
were excluded from the study when the male presented nor-
mal values of DSB (<60%) or other fertility impairments such
as genitourinary infections or severe alterations of the sperm
parameters?’; or when the female presented other infertil-
ity conditions, aside from advanced age, such as hormonal
disturbances, endometriosis, polycystic ovary or tubal fac-
tor. ICSI treatments were performed at the GINEFIV fertility
centre (General Life IVF Group). This study was approved by
the Corporacioé Sanitaria Parc Tauli Ethics Committee (Ref
2017902) and signed informed consents were obtained from
all patients.

Ovarian stimulation and oocyte retrieval

Ovarian stimulation was carried out using a short protocol
with Gonadotropin releasing hormone (GnRH) antagonists:
FSHr (Gonal; MerckSerono, Germany), HMG (Menopur;
Meriofert, Italy), FSHr and LHr (Pergoveris; MerckSerono,
Germany). Ovulation was induced when three or more
follicles reached 17mm in diameter using GnRH ana-
logues (Decapeptyl 0.2 mg; Ipsen Pharma, France) and hCG
(Ovitrelle; MerckSerono, Germany). Oocyte retrieval was
performed 34-36h later.

Women received oestrogens to prepare the endometrium
through oral administration of Progynova (Bayer, Germany)
or Meriestra (Novartis, Switzerland) (4-8 mg/day). After
oocyte retrieval, women started the administration of
progesterone (Progeffik; Effik, Spain or Utrogestan; Seid,
Spain). If a pregnancy was confirmed, the administration of
oestrogens and progesterone was maintained up to a maxi-
mum of 100 days.

Oocytes were maintained in G-IVF media (Vitrolife, Swe-
den) and denuded using 1:9 hyaluronidase (Hyasetm-10x;
Vitrolife, Sweden) and buffered media (G-MOPS Plus; Vit-
rolife, Sweden).

Sperm selection and ICSI

Semen samples were obtained by masturbation after 3-5
days of sexual abstinence. Semen parameters were evalu-
ated before each ICSI treatment. Sperm DNA damage was
evaluated between both cycles.

During the first ICSI treatment, semen preparation was
performed using a combination of DG and SU. Gradients
were prepared using 80% and 40% Sperm Grad and IVF media
(Vitrolife, Sweden). The first centrifugation was performed
at 1000 rpm during 20 min. The pellet was resuspended in
0.7mL of IVF media. A final washing step was performed
during 5min at 1200 rpm. The pellet was resuspended in
150-300 pL of IVF media and a standard SU procedure was
performed.?

During the second ICSI treatment, semen preparation
was performed using an MSS device (ZyMot™ICSI, formerly
named FertileChip®; DxNow Inc., MD, USA). The five
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Ejaculate
(Non-processed)

Figure 1

Selected sperm
(ZyMatICSI)

Microscopic images of the Neutral Comet assay performed on sperm from the raw semen sample (ejaculate) and selected

sperm filtered using the ZyMotICSI MSS device. ? Indicates sperm with intact DNA; ° Indicates sperm with fragmented DNA; € Indicates

sperm with highly degraded DNA.

channels were hydrated by injecting 13 pL of IVF media.
Then, 1L of the raw semen sample was slowly injected
through the inlet port. The MSS was incubated for 30 min
at 37°C in a CO, atmosphere. After incubation, selected
sperm were recovered from the outlet port.

Spermatozoa were microselected in a polyvinylpyrroli-
done and recombinant human albumin microdrop (Vitrolife,
Sweden) following the recommendations of the World
Health Organization for normal morphology and progres-
sive motility.?> Microinjection of oocytes was performed by
the same embryologist using an inverted microscope (Nikon
Eclipse TE200S 40x; Japan) on a heated surface at 37°C
(Tokai Hit Termo Plate; Olympus; Japan). Microinjected
oocytes were cultured in G-TL™v5 PLUS media microdrops
(Vitrolife, Sweden) and incubated in a low concentra-
tion of oxygen conditions (K-System; Origio, Denmark or
Embrycope; Vitrolife, Sweden).

Fertilization, embryo development and transfers

Embryos were evaluated after 18-20h post-insemination.
Fertilization was recorded when two pronuclei and two polar
bodies were observed. Embryos were evaluated and mor-
phologically classified according to the Spanish guidelines
as A/B/C/D-grade.?® Embryo transfers were performed using
ultrasound-guidance. Only clinical results from fresh trans-
fers are shown.

Clinical outcomes

The occurrence of a biochemical pregnancy was evaluated
14 days after the embryo transfer through the detection
of B-human chorionic gonadotropin (BHCG) in peripheral
blood. Clinical pregnancy was evaluated by abdominal

ultrasound to detect a gestational sac and foetal heart
rate. Miscarriage was diagnosed when no foetal heart rate
was detected after determining a clinical pregnancy.

Sperm DNA fragmentation assessment

The Neutral Comet assay was performed under specifically
designed conditions to allow the detection of DSB."" Briefly,
sperm samples were washed twice in PBS 1x, mixed 1:2
(v/v) with 1% low-melting-point agarose (Sigma-Aldrich,
USA), fixed on a slide, jellified at 4°C and immersed in two
consecutive lysis solutions. Electrophoresis was performed
at 20V for 12.5min in TBE buffer (pH 8.5). Slides were
washed in a 0.4M Trizma Base neutralization solution (pH
7.5), dehydrated in ethanol series and horizontally dried.
Samples were stained with DAPI (Diamond Antifade Moun-
tant; Invitrogen, OR, USA) and 200 cells were classified as
normal or fragmented attending to the criteria reported
before?’ (Fig. 1).

Statistics

Normality was studied through the Shapiro-Wilk test.
The Kruskal-Wallis test was performed to find differences
between groups. The Fisher’s Exact test was performed for
general comparisons between groups. All tests were consid-
ered significant with a confidence interval of 95%.

Results

Men’s and women'’s ages

Two consecutive ICSI cycles from 28 infertile couples were
analyzed. The mean ages of men and women at the first
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Table 1 Number of ICSI cycles performed, semen parameters,

men and women’s age and embryology results using conventional

methods (DG +SU) or the MSS device (ZyMotICSI) for semen preparation. All male patients presented altered DSB values (>60%).

ICSI cycle First Second
Sperm selection method DG+SU ZyMotICSI
Number Mean £ SD Number Mean + SD
Number of ICSI cycles 28 28
Semen parameters
Concentration (-10%/mL) 35.28 + 20.23 34.02 + 21.77
Normal morphology (%) 2.78 +1.02 2.73 +£1.45
Progressive motility (%) 38.21 + 8.82 38.08 + 7.64
Men’s age 37.53 + 3.28 38.33 £+ 3.33
Women’s age 35.67 + 3.43 36.47 + 3.57
Obtained oocytes 324 11.57 + 4.30 311 11.11 £ 7.67
Inseminated oocytes 258 9.21 + 4.31 220 7.86 + 4.83
Fertilized oocytes (2PN) 136 4.86 + 3.27 127 4.54 + 4.34
Fertilization rate 0.51 £ 0.29 0.50 + 0.27
Blastocysts 56 2.00 + 1.56 62 2.21 +£2.28
A grade 7 0.25 + 0.44 20 0.71 + 1.44
B grade 18 0.64 + 0.87 13 0.46 + 0.79
C grade 30 1.07 £ 1.05 23 0.82 + 1.39
D grade 1 0.04 + 0.19 6 0.21 + 0.57

DG+SU: sperm selection combining Density Gradients and Swim-up procedures.

PN: pronuclei.

ICSI cycle were 37.53 +3.28 years and 35.67 &+ 3.43 years,
respectively. After a few months, couples started a sec-
ond ICSI cycle, when men presented a mean of 38.33 +3.33
years and women a mean of 36.47 +3.57 years, respec-
tively (Table 1). These ages were not statistically different
(p=0.143 and p=0.143, respectively).

Seminal parameters and DSB values

All semen samples were assessed for concentration, mor-
phology and progressive motility before each ICSI cycle
(Table 1). No statistically significant differences were found
between ICSI cycles (p=0.270; p=0.900 and p=0.900,
respectively). Males showed a mean value of DSB of
71.18% + 9.88% between the first and the second ICSI rounds
(>60% in all cases).

Oocyte retrieval and fertilization

After ovarian stimulation, similar numbers of oocytes were
obtained during both ICSI rounds (p=0.336). Also, sim-
ilar numbers of oocytes could be finally microinjected
(p=0.152). After 18-20h post-insemination, a similar num-
ber of oocytes was fertilized (p=0.365). Fertilization rates
did not show statistical differences (p=0.870) (Table 1).

Embryo quality

Blastocyst morphology was analyzed and embryos were clas-
sified as A/B/C/D-grade. No significant differences were

detected between ICSI rounds for each grade (p=0.097;
p=0.445; p=0.429 and p =0.134, respectively). However, an
increase of 46.0% in the A-grade blastocysts was observed
when the MSS device was used (Table 1).

Clinical outcomes

A similar number of couples obtained good-quality embryos
and performed a transference after using conventional
methods or the MSS device for semen preparation (p=0.786)
(Table 2). Clinical outcomes, including biochemical preg-
nancy rates, clinical pregnancy rates, the number of live
births and the number of miscarriages, are shown in Table 2.
Results show a statistically significant increase of 28.31% in
the biochemical pregnancy rate (p=0.041) and an increase
of 35.56% in the clinical pregnancy rate (p =0.070) when the
MSS device was used for semen preparation, as compared to
the use of conventional methods.

Regarding live births, results show a statistically signif-
icant increase of 35.29% when the ZyMot™ICSI device was
used. A total of six live births were obtained in the second
ICSI round, while no live births resulted in the same couples
using conventional methods (p=0.039).

When couples used conventional methods for semen
preparation, two pregnancies were achieved but ended up
in miscarriages during the first trimester. On the contrary,
eight pregnancies were achieved using an MSS device. From
that, only two ended up in miscarriages. Results show a sta-
tistically significant reduction of 75% in the miscarriage rate
(p<0.010).
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Table 2

ICSI clinical outcomes including the biochemical pregnancy rate, the clinical pregnancy rate, the number of live births

and miscarriages when using conventional methods (DG +SU) or the MSS device (ZyMotICSI) for semen preparation. All male

patients presented altered DSB values (>60%).

ICSI cycle First Second

Sperm selection method DG+SU ZyMotICSI
Number % Number %

ICSI cycles with embryo transfer 16 57.14 17 60.71

Biochemical pregnancies (per transfer) 3 18.75 8* 47.06*

Clinical pregnancies (per transfer) 2 12.50 8 47.06

Live births (per transfer) 0 0.00 6* 35.29*

Miscarriages (per clinical pregnancy) 2 100.00 2" 25.00*

DG+SU: sperm selection combining Density Gradients and Swim-up procedures.

* Statistical differences compared to the first ICSI cycle (p<0.05).

Discussion

The presence of high values of DSB in sperm DNA have been
associated with delays in embryo kinetics and recurrent
pregnancy loss.”'" There is no evidence that conven-
tional semen preparation techniques reduce DSB,?' but the
ZyMot™ICSI microfluidic device is a promising tool to reduce
this damage.?®?* In this sense, the main objective of this
retrospective cohort study was to provide the first evidence
on the clinical utility of this microfluidic device for semen
preparation, as compared to the use of conventional meth-
ods, when patients present high values of DSB in the semen
sample.

The ICSI procedure was originally conceived to treat the
severe male factor.” Due to its reasonably easy standard-
ization and the possibility to control laboratory timings,
the use of this technique increased to 71.3% of fresh ART
cycles worldwide.?® However, ICSI outcomes are not as opti-
mal as one could imagine." Some authors suggest that these
rates are limited due to the bypass of the natural sperm
selection process that happens through the female genital
tract and during natural fertilization.?” Although it is not
fully understood, this natural selection process may select
spermatozoa with higher genetic integrity to reach the
oocyte.*

In order to select the best spermatozoon to fertilize the
oocyte, conventional semen preparation techniques aim to
discard dead or immotile cells."” After that, embryologists
select spermatozoa with optimal morphology and motility
for microinjection in ICSI cycles.* It has been described that
ROS may cause both poor motility and SSB.”'0 Therefore,
those semen preparation techniques based on sperm motil-
ity could reduce the risk of selecting spermatozoa with high
values of SSB. On the contrary, sperm motility and DSB have
different origins and do not appear to be associated. This
may explain, at least in part, why the use of conventional
selection techniques, such as the SU, combined with ICSI
sperm selection, does not appear to select spermatozoa with
low values of DSB.%" Moreover, multiple studies have shown
that apparently normal selected sperm may present morpho-
logic alterations, such as vacuoles,*' and high rates of sperm
DNA damage when observed under high magnification.??
Consequently, altered sperm with an apparently normal
morphology could be finally injected into the oocyte. In this

regard, Ramos et al. described in 2004 that only 55% of sperm
injected in ICSI cycles contain intact DNA3. In these cases,
genetic, epigenetic or chromatin alterations could be trans-
mitted to the embryo, resulting in implantation failures,
miscarriages and, more importantly, could lead to a liveborn
with genetic alterations. In this regard, the ICSI procedure
has been related to higher rates of chromosomal and epige-
netic abnormalities, intellectual disabilities or autism, when
compared to natural conception.?

In the present study, high DSB values were detected in
28 males from infertile couples undergoing ICSI treatments.
A first cycle using conventional methods (a combination
of DG and SU) obtained poor results, even though women
were not of evident advanced age (mean age of 35.67
years) (Table 1). From the 28 couples, only 16 obtained
good-quality embryos to be transferred. On the contrary, 12
couples did not obtain any transferable embryo. In these
cases, the presence of a high rate of sperm DNA dam-
age could be compromising embryo’s development.” Other
factors, such as maternal age, oocyte quality after ovar-
ian stimulation or the activation of oocytes could also be
related to the lack of transferable embryos in these cases.>*
After embryo transfer, patients presenting altered DSB val-
ues obtained a significantly lower pregnancy rate (12.5%),
as compared to the average pregnancy rates reported in
IVF clinics from Europe (35.0%) and the USA (35.8%).>* This
result highlights the critical role of sperm DNA integrity,
especially DSB, to obtain healthy embryos that conclude in
successful pregnancies.’

In order to specifically reduce DSB values, the use of the
ZyMot™ICSI microfluidic device offer different advantages:
it is a cost-effective and standardized methodology able
to filter small volumes of semen; it avoids iatrogenic DNA
and membrane damage produced by the rise of ROS during
sperm centrifugation'®'?; it reduces sample manipulation'’;
the microfluidic technology inside the channels somehow
imitates the natural selection process that takes place
throughout the female genital tract'” and, also, it has been
also shown to reduce by almost 50% of DSB values in a semen
sample (Fig. 1).20.24

To evaluate the potential beneficial effect of the
ZyMot™ICSI microfluidic device, the same group of patients
underwent a second ICSI cycle using this technology for
semen preparation.
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The mean age of patients and semen parameters of males
were not statistically different between the first and the
second ICSI treatment (Table 1). Also, the number of oocytes
obtained after ovarian stimulation, the number of oocytes
microinjected and the number of embryos obtained did
not show statistical differences (Table 1). Therefore, ICSI
rounds were considered to be compared. It was previously
shown that high SSB values in semen samples could impair
fertilization.”” A recent study showed that conventional
methods for semen preparation such as the SU procedure,
and the sperm selection performed by embryologists dur-
ing ICSI cycles attending to sperm motility, entail a major
reduction of SSB values.?’ Consistently, the fertilization
rates obtained in this study when conventional methods and
the MSS device were used for semen preparation did not
show statistical differences (Table 1). As motile sperm were
selected, SSB damage might have been avoided during both
ICSI treatments.?!

The presence of high values of DSB in a semen sam-
ple has been related to a delay in embryo kinetics” and a
major risk of pregnancy loss."" As mentioned before, while
conventional methods and the ICSI sperm selection process
were not shown to reduce DSB values,?' the ZyMot™ICSI
is a promising tool to reduce this damage.?* Consistently,
results show that the use of the MSS device in the second
ICSI cycle from these couples resulted in a major proportion
of A-grade embryos with normal morphokinetics (Table 1).
During the second ICSI cycle, 17 couples obtained transfer-
able embryos, while 11 did not (Table 2). As in the first ICSI
cycle, other maternal or paternal factors could be affecting
these couples.?® Further studies analysing a larger cohort of
patients could help in confirming this increase in A-grade
embryos.

Among couples who performed a transfer, results show
better clinical outcomes during the second ICSI treatment,
as compared to the first one (Table 2). Also, about 28% more
couples achieved a biochemical pregnancy in the second ICSI
cycle, when compared to the previous cycle. About 36% more
couples achieved a clinical pregnancy detecting the gesta-
tional sac and foetal heart rate. Moreover, about 35% more
live births were recorded after the use of the MSS device.
These results suggest that using the ZyMot™ICSI microflu-
idic device to reduce high DSB values in the semen sample
avoids the detrimental effect of this damage in embryos,
which leads to better clinical outcomes (Table 2).

Concerning miscarriages, from two pregnancies obtained
in the first ICSI cycle, both ended up in a miscarriage. Only
two out of eight pregnancies were loss in the second ICSI
cycle (Table 2). In agreement with previous results, the
reduction of DSB resulted in lower miscarriage rates."" As
described before, the repair of DSB in the embryo is error-
prone because there is not a complementary chain to assure
the integrity of the sequence.?% In this sense, the repair of
two non-consecutive DSB can lead to structural alterations
such as inversions or translocations that could not be toler-
ated by the embryo leading to a pregnancy loss. Moreover,
the DSB can affect a critical gene or a regulatory sequence.®
This observation has been named the *‘late paternal effect’’
by some authors.?

In order to prevent miscarriages, the Preimplanta-
tion Genetic Testing for Aneuploidy (PGT-A) evaluates
the euploidy of the obtained embryos and allows the

discarding of those with chromosomal alterations.>” How-
ever, this procedure in itself does not allow couples to
obtain more euploid embryos during an ICSI cycle. Chromo-
somal alterations, such as translocations, could be related
to the presence of DSB in the paternal genome.>*¢ Therefore,
the specific reduction of this damage using MSS could lead
to the obtaining of more euploid embryos and, therefore,
to a higher pregnancy rate and higher cumulative live
birth rate. Although it is still under discussion, this could
be related to the increase in the proportion of A-grade
embryos which showed a good morphokinetic development
in this study.*® These embryos could not carry chromosomal
alterations derived from paternal DSB which would allow a
proper cell-division rate.”

Interestingly, the pregnancy rate obtained in this study
using the MSS device (47.06%) was higher than the aver-
age rates observed in Europe (35.0%) and the USA (35.8%).%*
Considering that general rates include heterogeneous infer-
tility cases, the comparison between both ICSI rounds
indicate that the specific detection of DSB using the Neu-
tral Comet assay and its specific reduction using the
ZyMot™ICSI MSS device significantly improve ICSI pregnancy
rates, as compared to use of conventional methods (12.5%).
This increase reaches values above worldwide mean rates
(Table 2).

As far as we are concerned, this is the first study analysing
the potential benefit of using MSS technologies for semen
preparation in ICSI cycles, specifically addressed to reduce
DSB values in the semen sample. In order to avoid inter-
ferences from unknown female or male factors affecting
fertility, the same couples were studied using conventional
methods and the ZyMot™ICSI device in two consecutive ICSI
cycles performed by the same laboratory and embryolo-
gists. Future studies including a larger number of ICSI cycles
should help to confirm these results. One limitation of this
study is the impossibility to assess the clinical result of all
obtained embryos from A- to D-grades. Results are based
on transferable A/B-grade embryos and also, when a preg-
nancy and a live birth were obtained, the other possible
good-quality embryos from the couple were not transferred.
If this MSS device could be adapted, animal models could be
used to perform an extensive comparison between sperm
selection methods to understand the global effect of sperm
DNA damage, especially DSB, in embryo’s development and
pregnancy outcomes.

Conclusions

The detection of DSB damage in infertile males has been
shown to be effective in the identification of those patients
that can benefit from the use of the ZyMot™ICSI device. This
MSS methodology shows a statistically significant improve-
ment in clinical outcomes, when compared to conventional
sperm selection techniques (DG and SU) in patients with high
DSB values.
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