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Abstract: Advancements in assisted reproductive technologies (ARTs) have led to the de-
velopment of various add-on techniques aimed at improving oocyte quality and enhancing
embryo implantation potential. These techniques target critical stages of both oocyte and
embryo physiology, including oocyte growth and maturation, fertilization, chromosomal
status, and embryo development. Key approaches involve the optimization of in vitro
fertilization (IVF) protocols, recruiting capable follicles giving rise to dynamic oocytes
to evolve, culture media supplementation, preimplantation genetic testing (PGT), and
mitochondrial replacement therapy (MRT), all of which are designed to enhance oocyte
competence through its function and metabolism. The use of PGT has been promising in
selecting embryos suitable for transfer, thus optimizing implantation success. Emerging
technologies, such as platelet-rich plasma treatment (PRP), time-lapse imaging (TLI), and
hyaluronan-rich (HA) culture media, claim to improve ovarian rejuvenation and uterine
receptivity, embryo selection, as well as embryo implantation potential, respectively. Evi-
dence for certain add-on approaches remains limited, but ongoing research suggests that
the use of such treatments may lead to increased clinical pregnancies and live birth rates,
especially in poor-prognosis patients. The present review describes the current state of the
add-on innovations, their mechanisms of action, as well as their possibilities to increase
ART success rates.

Keywords: platelet-rich plasma; in vitro maturation; artificial oocyte activation; preimplan-
tation genetic testing; time-lapse imaging; mitochondrial replacement therapy; hyaluronan-
rich culture media

1. Introduction

Add-on techniques in ART are supplementary treatments designed to improve success
rates in standard IVF and/or intracytoplasmic sperm injection (ICSI) cycles. Many of
these techniques represent ways to enhance pregnancy outcomes, though their efficacy
is often debated due to limited evidence. The current review presents some of the most
common add-ons, targeting the oocyte and embryo enhancement, along with the evidence
concerning their effectiveness and safety (Figure 1).
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Figure 1. Schematic representation of the add-on techniques. Seven add-on techniques are discussed
in the present review, namely: (a) intraovarian PRP treatment, (b) IVM, (c) AOA, (d) TLI, (e) PGT-A,
(f) MRT, (g) HA-rich culture media. AOA: artificial oocyte activation; IVM: in vitro maturation; HA:
hyaluronan; MRT: mitochondrial replacement therapy; PGT-A: preimplantation genetic testing for
aneuploidies; PRP: platelet-rich plasma; TLI: time-lapse imaging.

1.1. Platelet-Rich Plasma (PRP) Injection Treatment

PRP involves injecting platelet-rich plasma into the ovaries or uterus to rejuvenate
tissue and potentially improve reproductive outcomes by stimulating the ovaries in order to
induce follicle development and prompt good-quality oocytes for fertilization, particularly
for women with poor ovarian reserve (POR) or thin endometrial lining. Ovarian PRP
therapy utilizes a concentrated solution of growth factors and cytokines derived from a
patient’s own blood [1]. PRP is produced by centrifuging whole blood, which typically con-
sists of 55% plasma, 41% red blood cells, and 4% platelets and white blood cells [2]. During
the process, red blood cells are removed, and the plasma becomes more highly concentrated
with growth factors like transforming growth factor (TGF-f3), vascular endothelial growth
factor (VEGF), chemokines, and cytokines [3]. These components in PRP are thought to
promote fertility by enhancing collagen synthesis, activating macrophages, stimulating
angiogenesis, encouraging mitosis of endothelial cells, and supporting the recruitment of
optimal oocytes for fertilization. To evaluate the effectiveness of PRP treatment, several
diagnostic measures are employed. An increase in anti-Miillerian hormone (AMH) levels,
along with a decrease in follicle-stimulating hormone (FSH) and luteinizing hormone (LH)
levels, is expected and represents a good prognosis for patients following intraovarian PRP
treatment, based on the most recent publications [1,4]. Additionally, ultrasound exami-
nations are used to assess whether there is an increase in the antral follicle count (AFC),
which further indicates a positive response to the therapy.

Promising evidence from meta-analyses suggests that autologous intraovarian PRP
infusion may restore ovarian function by reactivating folliculogenesis and improving the
hormonal profile. This treatment could potentially enable clinical pregnancy for selected
groups of patients [5,6]. Specifically, intraovarian PRP injections have been associated
with a statistically significant increase in serum anti-Miillerian hormone (AMH) levels [7].
Additionally, an increase in the average antral follicle count was observed in the same
study following treatment. Interestingly, the outcomes of post-PRP intracytoplasmic sperm



Medicina 2025, 61, 367

30f16

injection (ICSI) cycles showed improved success rates. Parameters such as the total number
of retrieved oocytes, the number of mature oocytes, two-pronuclei zygotes, cleavage-stage
embryos, and cancellation rates were all better in the post-PRP ICSI group compared to
controls [5]. These findings highlight the potential of PRP in enhancing ovarian function
and improving outcomes in assisted reproductive techniques.

Contrarily, both the effectiveness and benefits of the technique are debatable, with a
large prospective randomized trial of intraovarian PRP showing no improvement in either
mature oocyte yield or other parameters of IVF outcomes in patients less than 38 years old
with POR [8]. According to the study, intraovarian PRP injection should not be applied in
this population, as there is no clinical utility.

On the other hand, the use of intrauterine PRP injection in patients undergoing an ART
cycle is showing encouraging results and existing data support its use on a clinical scale.
Interestingly, based on a more recent study, the use of intrauterine treatment in patients with
recurrent implantation failure (RIF) resulted in significantly higher clinical pregnancy and
live birth rates, as well as lower miscarriage rates [9]. Similar results were also reproduced
by others, thus recommending the use of intrauterine PRP in patients with a history of
RIF [10,11], although more large and multicenter randomized controlled trials (RCTs) are
needed to further validate its effect.

To conclude, based on the existing literature, PRP is still in experimental stages, with
limited clinical data supporting its efficacy. While some studies seem promising in improv-
ing endometrial thickness or ovarian function, large-scale clinical trials are needed to confirm
these findings. As such, PRP is not currently recommended as a standard treatment [12].

1.2. In Vitro Maturation of Oocytes (IVM)

IVM is an alternative technique to conventional IVF, involving the collection of imma-
ture cumulus-oocyte complexes (COCs) from antral follicles and their subsequent culture in
the laboratory until they reach the metaphase II (MII) stage of meiosis [13-15]. This method
differs from traditional controlled ovarian stimulation ART (COS-ART), as it requires little
or no ovarian stimulation with or without in vivo hCG administration to induce ovulation.
It is thus indicated for polycystic ovary syndrome (PCOS) patients or those who show
intolerance to fertility drugs, like cancer patients. The IVM oocyte retrieval occurs earlier
(between the 7th and 9th day of the cycle), whereas the COCs obtained should be from
8-12 mm follicles corresponding to early germinal vesicle (GV) stage to meiosis I (MI)
oocytes within them. Once the COCs are matured in the laboratory, IVM oocytes undergo
fertilization, usually by ICSI, and they are treated just like in vivo matured oocytes collected
through usual COS-ART. It has been shown that in vitro matured oocytes can produce
comparable results to those from standard ART protocols [16].

Four primary IVM protocols are commonly implemented in laboratory practice,
namely: (1) the standard IVM protocol, including the collection of immature COCs that
undergo IVM in a single step, (2) the biphasic IVM protocol, which is divided into two
steps, with first the meiotic inhibition of the COCs at the GV stage and then inducing the
final maturation through meiosis-inducing factors [17], (3) the “truncated” IVM protocol,
comprising all types of oocytes (immature and mature) that are inseminated at different
time points in the laboratory with duration from 4 to 36 h post-oocyte retrieval [18], and
lastly (4) the “rescue IVM” or conventional IVM protocol, including the in vitro maturation
of immature oocytes collected after a conventional IVF cycle, being inseminated 18-30 h
post-retrieval [19].

As far as safety issues are concerned, the present available data do not support a glob-
ally negative impact of the use of IVM in clinical practice. More specifically, existing data
indicate that IVM does not lead to an increased incidence of imprinting disorders, nor does
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it adversely affect the neonatal health and developmental outcomes of children conceived
through this technique compared to those conceived via a conventional IVF protocol [20,21].
Additionally, aneuploidy rates appear comparable between these methods [22]. However,
these findings are based on limited studies, and further research is necessary to confirm
these conclusions. On the other hand, IVM represents a beneficial technique, requiring
less time, reduced medical monitoring, and minimal or no hormone injections and blood
tests. Cost-effectiveness analyses also highlight that IVM is a more affordable alternative
compared to conventional ovarian stimulation protocols. Additionally, these characteristics
have been associated with improved mental and psychological well-being of patients un-
dergoing such procedures [23]. To pinpoint, successful implementation of IVM requires
specialized expertise from both medical doctors and embryologists and appropriate pa-
tient selection fitting the right criteria. Furthermore, ongoing follow-up of children born
through IVM is essential to ensure optimal clinical outcomes and long-term safety, although
well-designed clinical trials per protocol are lacking in confidence.

1.3. Artificial Oocyte Activation (AOA)

During natural fertilization, phospholipase C zeta (PLC() enzyme, derived from
sperm, activates the oocyte by triggering intracellular calcium (Ca®*) oscillations. These
enable the meiosis completion of the oocyte and the decondensation of the sperm nucleus,
thus leading to the formation of a zygote and the beginning of embryonic life. A deficiency
in the intracellular calcium level, irrespective of sperm or oocyte origin, would lead to
activation failure, even with the use of ICSI to perform fertilization. Human oocytes are
tolerant to calcium level fluctuations to a critical threshold, so calcium levels can be in-
creased artificially, i.e., AOA, by internal calcium stores, and/or external culture media,
i.e., mechanical, electrical, or chemical stimuli that can generate a single calcium peak [24].
Mechanical AOA is performed by a slightly more invasive ICSI technique attempting to
cause calcium release internally due to the extra injection pipette manipulations or by accu-
mulating metabolically active mitochondria at the fertilization site [25]. Another approach
using direct electric current creates pores in the oolemma, allowing influx of extracellular
calcium [26], but its high degeneration rate and requirement of special equipment render
chemical AOA the best choice.

AOA mimics calcium oscillations needed in cases of failed oocyte activation, which
can occur due to sperm or oocyte factors. To stimulate chemical calcium release, AOA uses
external sources, such as calcium ionophores, i.e., ionomycin or calcimycin. Calcimycin,
known as A23187, an antibiotic, can bind bivalent ions (mainly Mn?*, Ca?*, and Mg2+),
allowing their transport across cell membranes [24]. Ionomycin, having a higher potency
due to its higher specificity for Ca?* ions, is more widely used in ART, especially when
combined with direct injection of 0.1 mol/L CaCl,, during ICSI [27].

Chemical AOA is effective for complete fertilization failure in previous IVF/ICSI
cycles, low fertilization rates below 30%, and severe male factor infertility cases, i.e.,
globozoospermia [24]. Thus, injected oocytes are transferred immediately after ICSI to a
pre-equilibrated ionophore solution for a 10-30 min culture, following washing. Moreover,
usage of ionophores was adapted to increase embryo mitotic cleavage rate, in cases of
previous embryonic arrest, developmental delay, or low blastocyst formation [28,29]. Since
mitosis is also strongly Ca*-dependent, such practices might be useful in clinical practice,
as an add-on attempt.

According to the meta-analysis of 14 studies, chemical AOA increased live birth
rates (LBRs) significantly in cases of recurrent ICSI fertilization failure, whereas success is
patient-specific, highly indicated for low or failed fertilization in previous cycles, embryo
developmental problems, or globozoospermia [30]. Nikiforaki and colleagues showed
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that sperm from a globozoospermic patient and AOA combined with ionomycin resulted
in a better outcome during ICSI compared to calcimycin [27]. Interpreting AOA meta-
analyses is controversial due to discrepancies between the variation in ionophore stimuli
and concentration, exposure time, and number of exposures.

Ionophores do not seem to affect the oocyte cytoplasm, so they do not cause detectable
effects on chromosomal segregation [31], gene expression, or embryo development [32].
Additionally, no increase in birth defects [33-35] or other developmental health issues in
children aged 3-10 years born after AOA with ionophores has been reported [36]. In a
recent AOA meta-analysis there were no significant differences in birth defects between the
ICSI-AOA group and ICSI-only group, nor in the calcimycin or ionomycin subgroup [30].

As far as AOA safety is concerned, no increase in congenital defects has been reported,
but its epigenetic risks, i.e., DNA methylation changes, require further research [37]. Poten-
tial epigenetic risks observed in experimental studies emphasize cautious application [38].

Though AOA can be beneficial in cases of failed fertilization after ICSI, its widespread
use remains controversial. Most of the evidence supporting AOA comes from case studies
or small trials, and large-scale RCTs are still needed to validate their routine use. Therefore,
it is generally recommended for specific cases of fertilization failure, rather than as a
universal approach for each patient without a history of fertilization failure.

1.4. Time-Lapse Imaging (TLI)

TLI represents a new incubation system that captures digital images of oocytes and/or
embryos, during certain intervals, while being in culture. These images are collected to create
a time-lapse video that demonstrates embryonic development, allowing for oocyte and
embryonic quality assessment without removing oocytes and embryos from the incubator.
Among the advantages of TLI is continuous monitoring of embryos without disturbing
their environment. Furthermore, the analysis of morphokinetic parameters, such as the
timing of cell divisions and the interval between cell stages, may improve embryo selection,
potentially increasing implantation success rates. TLI represents a promising technology,
although its clinical benefits still remain unclear. To start with, its effectiveness might be
influenced by the variability of algorithms that are used for embryo development assessment,
as well as culture conditions and the laboratory environment [39]. On the other hand, TLI
might be very effective in other cases, such as research projects, protocol standardization,
and better laboratory workflow, thus characterizing it as a non-add-on technology [40].
Interestingly, the latest Cochrane review on TLI concluded that there was no difference in
clinical pregnancy, live birth, and/or ongoing pregnancy rates, miscarriages, and stillbirth
between cases where TLI was used and those that were treated with conventional incubation
methods [41]. Moreover, embryo selection through TLI softwares was not found to be more
effective than the typical morphological assessment performed by the embryologists.

On the other hand, a more recent review analyzing the role of artificial intelligence (AI)
in the analysis of oocytes in order to predict embryo developmental competence demon-
strated the effectiveness of Al-based techniques during the implementation of IVF protocols.
More specifically, an image of an oocyte was processed using a segmentation algorithm to
identify specific regions of the oocyte, where the final features that were extracted were
analyzed by a classification algorithm which was able to predict the maturation outcomes
of the oocyte, thus increasing fertilization and implantation rates [42]. Although promising,
several challenges need to be addressed before the universal use of Al-based technologies,
such as the standardization of both imaging protocols and data formats, as well as the
“ideal” training of machine learning models.

To conclude, while TLI and Al technologies may be convenient, providing continuous
monitoring of oocytes and/or embryo development, as well as useful for research purposes
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and training of embryologists, its routine use as an add-on for all IVF patients is not yet
justified, as based on the existing literature, it does not significantly improve LBRs.

1.5. Preimplantation Genetic Testing (PGT)

Human preimplantation embryos have been found to have an increased incidence of
either meiotic or mitotic chromosomal abnormalities, namely aneuploidies. The proportion
of cleavage-stage aneuploidies can go as high as 80%, being mainly attributed to advanced
maternal age (AMA), whereas the blastocyst-stage aneuploidy rates are lower [43]. Thus, it
was assumed that diagnosing pathological aneuploid embryos would be of benefit to the
success rates of ART cycles.

PGT is a high-complexity procedure incorporating many specialized steps, namely
ART through ICSI, embryo biopsy, cell tubing, traceability, cryopreservation, and genetic
analysis to detect euploid embryos for transfer, and is used to screen embryos for genetic
abnormalities before implantation, with PGT-A (A for aneuploidies) being the most promi-
nent. Aneuploidy, a common cause of implantation failure and miscarriage, arises from
chromosomal abnormalities in embryos. PGT-A enables the selection of euploid embryos,
increasing the likelihood of successful implantation and reducing miscarriage risk.

PGT-A has long been the invasive diagnostic test of choice, former namely preim-
plantation genetic diagnosis (PGD), to obtain embryo genetic chromosomal information of
euploidy or aneuploidy status, especially for AMA patients, over 40 years old, with the
highest risk of embryonic meiotic abnormalities. It was later expanded to cases like RIF,
recurrent pregnancy loss (RPL), and male infertility [44]. Genetic technology involved in
PGT-A started with fluorescent in situ hybridization (FISH), being applied on a single blas-
tomere from an eight-cell-stage embryo, to detect certain chromosomes [45]. Afterwards,
PGT evolved with specific genetic testing techniques, like comprehensive chromosome
screening (CCS), initially by array-comparative genomic hybridization (array-CGH), and
now whole genome sequencing (WGS) and next-generation sequencing (NGS) [46], mainly
on blastocyst biopsies [47,48]. Cleavage-stage biopsy markedly reduced embryonic repro-
ductive potential. In contrast, trophectoderm biopsy had no measurable impact and may
be used safely when embryo biopsy is indicated [49].

Current clinical practice PGT-A is an invasive, costly technique, taking place in high-
complexity ART centers with proven good success rates [50]. Thus, it requires expertise
and experience from the embryologists performing the biopsy, the tubing, and the cry-
opreservation, as well as modern genetic laboratories and skilled geneticists to perform
and interpret the genetic results. The cost is usually imposed on the patient [51], and in
certain patient cases PGT-A may decrease costs and time to a healthy pregnancy and live
birth, like AMA women with many blastocysts, or those with RIF [52,53] and RPL [54],
by avoiding hopeless embryo transfers (ETs) [55]. In 2019, the Preimplantation Genetic
Diagnosis International Community (PGDIS) published a position statement, stating that
PGT-A improved implantation, pregnancy, and live birth rates [56], which was rebutted
later [57].

The efficacy and safety of PGT-A is a highly debatable issue among scientists arguing
in favor and against its validity, whereas the majority of meta-analyses and evidence-based
medicine demonstrate its usefulness in selected patient groups. In general it should be
avoided and not recommended for everyone [12]. RCTs give inconsistent evidence of its
effectiveness in younger women or those without a history of recurrent miscarriage [58].
Cornelisse and colleagues showed no increased LBRs after the first ET per woman random-
ized after PGT-A [59]. An RCT by Rubio and colleagues also failed to show higher LBRs [60].
The meta-analysis by Simopoulou and colleagues showed that PGT-A with comprehensive
chromosomal screening (CCS) on day 3 or day 5 did not improve the general population
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clinical outcomes, but rather improved LBRs, strictly when performed on blastocyst-stage
embryos of women over 35 years old [61]. The recent large Chinese RCT in young patients
(20-37 years old) also failed to show improvement in LBRs per cycle [62]. Miscarriage rate
and time to pregnancy should also be advocated as outcome measures, but results were
controversial [59,63,64]. Studies from Verpoest, Rubio, and their teams found no significant
difference in time to pregnancy between the PGT-A and control groups [60,63]. Delayed
blastulation, poor blastocyst quality, maternal age over 38 years, obesity, previous RIF, and
poor or multiple manipulations may reduce the LBR per euploid blastocyst transfer [65].

Another important issue to consider is the discrepancies in the diagnoses by different
laboratories, i.e., the levels of mitotic mosaicism [66], raising concerns about the lack of
standardization in the biopsy and genetic analysis techniques, leading to possible viable and
healthy embryos being deselected or discarded due to false results. PGT-A of blastocysts,
obstetrics, and follow-up of children born show no adverse effects [67], but there is a small
risk of intrauterine growth restriction (IUGR) in many patient groups [68]. The Zheng
et al., 2021 meta-analysis showed an increased risk of low birthweight, preterm delivery,
pregnancy hypertensive disorders, and lower gestational age and birthweight in PGT
pregnancies relative to spontaneously conceived pregnancies, mainly attributed to the
freeze-all strategy [69]. The meta-analysis by Liang and colleagues demonstrated that
PGT-A in RIF patients is associated with improved clinical outcomes, higher implantation
rates (IRs), clinical pregnancy rates (CPRs), as well as LBRs [70]. The meta-analysis by
Adamyan and colleagues showed that PGT-A improved the efficiency of ART, increasing
both CPRs and LBRs, especially in women of AMA and with a poor prognosis [71]. PGT-A
has technical limitations leading to false results, i.e., mosaic embryos (with both normal
and abnormal cells), incorrectly classified as abnormal and not transferred or vice versa.
Additionally, some chromosomal abnormalities, i.e., those within a small portion of the
chromosome, may not be detected by PGT-A. Current invasive PGT-A is recommended for
AMA, RIF, or RPL. Routine use in all IVF cycles is not advised due to inconsistent efficacy
data and cost considerations [12].

The non-invasive PGT-A (ni-PGT) test would be of use and valid by performing genetic
analysis either on blastocoel fluid [72] or spent culture media [73]. It is still developing and
experimental, awaiting promising results for suitable clinical application [74]. The issues to
be optimized concern its accuracy in the correspondence between the culture media genetic
testing and the embryo inner cell mass, as well as contamination issues with parental
genetic material [75,76]. Ni-PGT diagnostic accuracy has not yet been optimized to give
safe results and is considered to have an experimental status, with its validation pending,
although it will be the future method of choice, since no invasion and no cell removal is
performed on the preimplantation embryo whose genetic status is being tested [77].

1.6. Mitochondrial Replacement Therapy (MRT)

ART techniques aiming to restore oocyte competence, also called “oocyte rejuvenation”
methods, have been established [78], including cytoplasmic and mitochondrial transfer
from healthy donors (i.e., healthy young females) to infertile patients (i.e., women with
advanced maternal age). In particular, techniques of mitochondrial supplementation have
been initially tested in mammals, showing encouraging results in ameliorating oocyte and
embryonic quality [79,80]. Furthermore, trials have been reported in humans, leading to live
births [81,82], but follow-up of the few children born is expected to estimate MRT’s safety.

In humans, cytoplasmic transfer has been performed by directly injecting a cytoplas-
mic fraction from the donor into the patient’s oocyte [82]. MRT techniques refer to the
replacement of an impaired-quality cytoplasm with a more competent one, via the transfer
of the nucleus into a recipient cytoplasm. Both techniques can be used for infertility treat-
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ments. In particular, options for patients carrying a mitochondrial disease or older AMA
patients include: (1) the transfer of germinal vesicle (GV) from immature oocytes arrested
at the meiosis I (MI) stage [83], (2) the transfer of metaphasic spindles at the meiosis II
(MII) stage [84], (3) the transfer of pronuclei [85], and, eventually, (4) the transfer of first
polar bodies (PB1s) [86], all originating from patient’s oocytes, which are subsequently
transferred into the donor’s cytoplasm, from younger women with healthy mitochondria
in the cytoplasm of their donor oocytes.

Although promising, attention should be drawn to the implementation of heterolo-
gous mitochondrial replacement techniques because of the unavoidable phenomenon of
mitochondrial carryover arising from mitochondria adjacent to the nucleus, which might
cause serious problems due to mtDNA heteroplasmy [87]. Even if it does not concern
a mtDNA pathogenic variant, neutral heteroplasmy can indeed be the cause of serious
impairments, as neutral heteroplasmic states have been associated with neurological dis-
orders and developmental delay in mouse models [88,89]. In the most recent pilot study,
the authors demonstrated the feasibility of MRT in patients with idiopathic infertility and
repeated IVF failures. In fact, reconstructed oocytes successfully produced embryos that
were able to implant, develop to full term, and result in seemingly healthy newborns or
children, after the implementation of metaphasic spindles transfer (MST) [84]. However, it
would be premature to conclude about the effectiveness of MST for infertility treatment
due to the limitations of the study. Notably, mtDNA reversal was observed in one child
born following MST, a finding that could have potential implications for MRT application.
Such phenomena might have originated from the artificial connection of different-in-origin
mtDNA and nuclear DNA, which can indeed have detrimental effects, all arising from the
disruption of the mitochondrial-nuclear cross-talk.

Overall, while MRT techniques appear promising in treating female infertility related
to ovarian aging, caution should be taken in their establishment in a clinical practice, as
important issues, such as heteroplasmy, might adversely affect the progeny.

1.7. Hyaluronan (HA)-Rich Culture Media

HA is an essential natural macromolecule secreted by cumulus granulosa cells found
in follicular and oviductal fluids, being shown to increase in the human uterus at the time of
implantation [90,91]. HA is a straight chain, glycosaminoglycan polymer of the extracellular
matrix composed of repeating units of the disaccharide [-D-glucuronic acid-p1,3-N-acetyl-
D-glucosamine-31,4-Jn. Large hyaluronan polymers are space-filling, anti-angiogenic,
and immunosuppressive and impede differentiation, possibly by suppressing cell-cell
interactions or ligand access to cell surface receptors. Hyaluronan chains, which can reach
2 x 10* kDa in size, are involved in ovulation, embryogenesis, protection of epithelial
layer integrity, wound repair, and regeneration. Smaller polysaccharide fragments are
inflammatory, immune-stimulatory, and angiogenic. They can also compete with larger
hyaluronan polymers for receptors [92].

Except for being a promoter of cell-to-cell adhesion, HA, by producing a viscous
medium, has been able to enhance embryo implantation, prohibiting its expulsion from the
uterus [93]. HA with its autocrine and paracrine functions acts on CD44 receptors, vital for
implantation. The HA primary CD44 receptor, being expressed on both the preimplantation
embryo and the endometrial stroma, shows a peak at the most receptive time of embryo
implantation [94]. Thus, HA regulates proliferation, differentiation, migration, and gene
expression during endometrial decidualization and implantation, affecting even more
normal embryo development [91].

Bovine studies showed HA improving embryo development by increasing the number
of cells of blastocysts [91] by the CD44 activity and mitogen-activated protein kinase signal-
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ing. Thus, HA enhanced embryo quality [95], as well as improved frozen embryo viability
maintenance, leading to increased implantation rates of thaw ETs [96,97]. As such, HA has
been added to culture media (CM) during ET in ART, in either low or high commercially
available concentrations. The proposed recipe is for the preimplantation embryo to be
preincubated in the HA-enriched ET medium from 10 min to up to 4 h before ET.

In many cases, transferring a good-quality embryo onto a “fertile” endometrium
with the correct lining and thickness may not be sufficient for its implantation, leading to
failure of a promising ART attempt. For a successful pregnancy outcome, a chromosomally
competent embryo is required, that is able to go through implantation by its apposition,
adhesion, and invasion into the endometrium, via the necessary signaling factors involved.
Several natural substances have been considered as sticky agents offering further support
to the ET process, such as albumin, fibrin, collagen, and hyaluronan. There is no evidence
to support these assumptions, since the in vivo embryo implantation status has not been
unveiled yet, as well as the actual secretion occurring during this process.

There have been limited studies on the usage of albumin, fibrin, and collagen, for
which there was no evidence to support an improvement in IRs or LBRs [98-100]. A recent
Cochrane review by Heymann and colleagues compared two commercially available
culture media, with no addition of HA, to either a low (0.125 mg/mL) or high (0.5 mg/mL)
concentration [101]. Increased LBRs were found in the cohort with the high-HA constitution
when compared to the low HA or no HA addition. The increase appeared for early cleavage-
stage and blastocyst ETs, for good- and poor-prognosis patients. When evaluating the
exposure time, in less than 10 min of HA bathing, no significant effect of the addition of
high levels of HA was found. A more recent RCT by Yung and colleagues discovered
no improvement in LBRs with 0.5 mg/mL HA compared to standard ET media [102].
Heymann and his team compared donor oocyte versus autologous oocyte cycles and
concluded that, in donor cycles, HA addition showed little effect on LBRs and CPRs [103].
Three more studies performed only on frozen ET cycles also showed no evidence of
improving the CPRs and LBRs.

Worries about implantation of suboptimal-quality embryos due to HA enrichment of
ET media, leading to increased miscarriages, have not been indicated by any study. On the
other hand, multiple CPRs were shown to be increased, probably due to the transfer of
more than one embryo into an enriched HA ET medium.

To conclude, the addition of HA in ART ET media might increase LBRs after fresh trans-
fers, without causing adverse effects, although this improvement was not evident in frozen
ETs. There were multiple higher CPRs with HA-CM ET which should be further evaluated.

2. Discussion

Since the birth of the first IVF baby in 1978, the field of ART has undergone significant
advancements thanks to many innovations. These developments have greatly enhanced the
safety and effectiveness of treatments, providing substantial benefits to many individuals
affected by infertility. However, the introduction of new techniques might be associated
with interventions that have not been proven to be scientifically safe and suitable to improve
the results of ART cases.

In this review we summarized several add-on techniques improving oocyte and preim-
plantation embryo quality, thus enhancing embryo implantation potential. Namely: PRP
treatment, IVM of oocytes, AOA, TLI, PGT-A, MRT, and HA-rich culture media, as summa-
rized in Table 1. Most of these techniques are currently used in clinical practice, although
there are challenges that still need to be addressed before their safety and effectiveness
are validated. In fact, many of the interventions discussed were not recommended for
routine clinical practice for all infertility cases and therefore caution and scientific rea-
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soning should be applied before their use (i.e., PRP). In certain cases, existing data have
raised safety concerns or demonstrated a lack of efficiency (i.e., MRT). For other add-ons,
insufficient evidence currently exists to justify their use in standard care (i.e., AOA). These
should be further investigated through preclinical studies or within a clinical research
framework, which requires ethics board approval, a well-designed and executed protocol,
and commitment for long-term follow-up.

Table 1. Add-on techniques categorized according to clinical procedures.

Timeline Add-On Techniques
Pre-ART Treatment PRP [1-12]
IVM [13-23]
During Fertilization and Culture AOA [24-38]
TLI [39-42]
MRT [78-89]

PGT-A [12,43-77]

HA-Rich Media [90-103]

Each add-on technique should be used when appropriate, during different clinical steps of the ART process.
AOA: artificial oocyte activation; ART: assisted reproductive technology; ET: embryo transfer; IVM: in vitro
maturation; HA: hyaluronan; MRT: mitochondrial replacement therapy; PGT-A: preimplantation genetic testing
for aneuploidies; PRP: platelet-rich plasma; TLI: time-lapse imaging.

Before ET

The current standard practice of evaluating cumulus cells, oocytes, and embryos in
the ART lab is carried out through morphological parameters and morphokinetics with
TLI and PGT, attempting to enhance their quality and potential by introducing the add-ons
analyzed so far. Standard morphological assessment of oocytes and embryos is easily
performed and without cost, but is subject to the variability of the human embryologist,
whereas PGT has its invasive nature and flaws. With the constantly advancing technology
via Al, robotics and automation, molecular biology, and genetics, there will soon be the
usages of -omics biomarkers, i.e., proteomics, transcriptomics, metabolomics, and genomics,
that non-invasively will enable with high accuracy, reproducibility, and safety the eval-
uation of the most dynamic ova to give rise to healthier offspring as quickly as possible.
Proteomics will be able to discover specific protein biomarkers in either the follicular fluid
or the culture media as well as the endometrium, showing the potential of oocyte and
embryo development to lead to implantation and pregnancy. Secretomes, proteins, and
metabolomics, i.e., amino acids, lipids, carbohydrates, and other developmental products
identified in the spent culture media, may successfully profile the viability of oocytes and
embryos. Genomics may be able to test and assess aneuploidy of the embryos through
non-invasive ni-PGT-A by testing, through metabolomics of the embryo culture system,
their genotype [104]. These -omics will enable embryologists to extract the corresponding
information acquired through special culture techniques and technologies like mass spec-
trometry, gel electrophoresis, near-infrared spectroscopy (NIR), and fluorescence lifetime
imaging (FLIM), without impairing the safety of the ova and embryos checked [105].

Moreover, another challenge in the IVF laboratory is the introduction of the arti-
ficial intelligence (Al) in the field of ART, aiming to enhance precision, outcomes, and
decision-making processes. In fact, Al algorithms were generated in order to contribute to
embryo selection, by analyzing TLI and morphological data to predict embryo viability
and implantation potential with high accuracy [106]. The addition of such a software might
indeed reduce human biases, while help improving success rates by identifying the “best”
embryos for transfer among the ones having the potential to implant. Al algorithms are
also able to evaluate sperm motility, morphology, and DNA integrity in order to optimize
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sperm selection processes for ICSI, thus ensuring better fertilization and developmental
outcomes [107]. Likewise, Al may accelerate research projects and innovation by collecting
data from laboratory routine use, providing great advancements in reproductive medicine.
Although Al is a promising tool in the IVF laboratory, its integration requires witnessing,
careful monitoring, and validation by clinicians and embryologists. A combination of Al
and human expertise might improve both fertility outcomes and patient-specific treatments.

While add-on techniques raise both technical and ethical issues during their use in
clinical practice, the field of ART is facing another major challenge, which is the introduction
of artificial gametes in the IVF laboratory. More specifically, artificial gametes, derived from
stem cells, hold the promise of enabling embryonic development. While artificial gametes
are currently produced only from laboratory animals [108-110], significant progress is
being made towards the development of artificial gametes from human cells [111]. Their
availability from adult tissues could broaden reproductive aspects, allowing groups such
as same-sex couples, post-menopausal women, or single people to conceive. However, the
application of artificial gametes in clinical practice raises profound bioethical concerns, thus
a bioethical framework needs to be established before the implementation of this approach.

It would be extremely beneficial to ART patients, researchers, embryologists, and
clinicians to have access to and evaluate data and results of new treatments in national
and international databases. This approach would enable continuous monitoring of their
efficacy and safety by realizing their successes and their pitfalls or dangers, thus adopting,
improving, or abandoning them accordingly. Innovation is the future, but evidence-based
medicine is the key to lead the way with caution to validated science which will be of benefit
in clinical practice [112]. Introducing add-ons to ART treatment should be considered very
carefully, bearing in mind the patient’s medical history, especially their age, way of life,
and cause of infertility. Patients with diminished ovarian reserve, autoimmune disorders,
severe male factor infertility, or impaired lifestyle factors associated with higher risk of
failing should be discouraged from trying add-ons. The purpose of introducing add-ons is
to enhance success rates when there is a chance for it. Otherwise, it would be ethical and
compassionate to advise ART patients on other ways of parenthood with less stress, risk,
economic burden, and physical and emotional pain. For certain patient groups, specific
add-ons might be of help to obtain their own biological offspring, whereas for many it may
be futile and hopeless for it.

3. Conclusions

As far as modern technology and innovation are concerned, one should make a choice
to use them when the appropriate evidence-based information is received to understand
the risks and drawbacks entailed in the hope of achieving better fertility outcomes. Properly
informed patients may have the free will to consent to add-ons, being aware of what to
expect with emotional intelligence and honesty. Even health professionals would feel they
are fulfilling their role of healing bodies and souls when a patient’s well-being is considered
during the quest of obtaining a family. Overall, a balanced use of add-on techniques
in clinical practice involves careful consideration of medical necessity, costs, and ethical
implications. Taken all together, these add-ons contribute to advancing the field of ART,
offering hope for improved outcomes, while highlighting the importance of personalized
approaches in fertility treatments.

Author Contributions: Conceptualization, K.C. (Katerina Chatzimeletiou); methodology, G.G.,
EK, K.C. (Katerina Chatzimeletiou); writing—original draft preparation, N.P., M.E,, K.C. (Kalliopi
Chatzovoulou); writing—review and editing, N.P., M.F,, K.C. (Kalliopi Chatzovoulou), S.P,, LE,
K.C. (Katerina Chatzimeletiou). All authors have read and agreed to the published version of
the manuscript.



Medicina 2025, 61, 367 12 of 16

Funding: This research received no external funding.
Data Availability Statement: No new data were created or analyzed in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Cakiroglu, Y.; Yuceturk, A.; Karaosmanoglu, O.; Kopuk, S.Y.; Korun, Z.E.U.; Herlihy, N.; Scott, R.T.; Tiras, B.; Seli, E. Ovarian
reserve parameters and IVF outcomes in 510 women with poor ovarian response (POR) treated with intraovarian injection of
autologous platelet rich plasma (PRP). Aging 2022, 14, 2513. [CrossRef] [PubMed]

Holcomb, ].B.; Tilley, B.C.; Baraniuk, S.; Fox, E.E.; Wade, C.E.; Podbielski, ].M.; del Junco, D.].; Brasel, K.J.; Bulger, E.M.; Callcut,
R.A,; et al. Transfusion of plasma, platelets, and red blood cells in a 1:1:1 vs a 1:1:2 ratio and mortality in patients with severe
trauma: The PROPPR randomized clinical trial. JAMA 2015, 313, 471-482. [CrossRef]

Sriram, S.; Hasan, S.; Alqarni, A.; Alam, T.; Kaleem, S.M.; Aziz, S.; Durrani, HK.; Ajmal, M.; Dawasaz, A.A.; Saeed, S. Efficacy of
Platelet-Rich Plasma Therapy in Oral Lichen Planus: A Systematic Review. Medicina 2023, 59, 746. [CrossRef]

Pacu, I.; Zygouropoulos, N.; Dimitriu, M.; Rosu, G.; Ionescu, C.A. Use of platelet-rich plasma in the treatment of infertility in poor
responders in assisted human reproduction procedures. Exp. Ther. Med. 2021, 22, 1412. [CrossRef] [PubMed] [PubMed Central]
Sfakianoudis, K.; Simopoulou, M.; Grigoriadis, S.; Pantou, A.; Tsioulou, P.; Maziotis, E.; Rapani, A.; Giannelou, P,; Nitsos, N.;
Kokkali, G.; et al. Reactivating ovarian function through autologous platelet-rich plasma intraovarian infusion: Pilot data on
premature ovarian insufficiency, perimenopausal, menopausal, and poor responder women. J. Clin. Med. 2020, 9, 1809. [CrossRef]
Panda, S.R.; Sachan, S.; Hota, S. A systematic review evaluating the efficacy of intra-ovarian infusion of autologous platelet-rich
plasma in patients with poor ovarian reserve or ovarian insufficiency. Cureus 2020, 12, e12037. [CrossRef] [PubMed]

Pantos, K.; Simopoulou, M.; Pantou, A.; Rapani, A.; Tsioulou, P.; Nitsos, N.; Syrkos, S.; Pappas, A.; Koutsilieris, M.; Sfakianoudis,
K. A case series on natural conceptions resulting in ongoing pregnancies in menopausal and prematurely menopausal women
following platelet-rich plasma treatment. Cell Transplant. 2019, 28, 1333-1340. [CrossRef]

Herlihy, N.S.; Cakiroglu, Y.; Whitehead, C.; Reig, A.; Tiras, B.; Scott, R.T,, Jr.; Seli, E. Effect of intraovarian platelet-rich plasma
injection on IVF outcomes in women with poor ovarian response: The PROVA randomized controlled trial. Hum. Reprod. 2024, 9,
deae093. [CrossRef] [PubMed]

Yahyaei, A.; Madani, T.; Vesali, S.; Mashayekhi, M. Intrauterine infusion of autologous platelet rich plasma can be an efficient
treatment for patients with unexplained recurrent implantation failure. Sci. Rep. 2024, 14, 26009. [CrossRef] [PubMed]

Shalma, N.M.; Salamah, H.M.; Alsawareah, A.; Shaarawy, A.S.; Mohamed, M.R.; Manirambona, E.; Abd-ElGawad, M. The
efficacy of intrauterine infusion of platelet rich plasma in women undergoing assisted reproduction: A systematic review and
meta-analysis. BMC Pregnancy Childbirth 2023, 23, 843. [CrossRef] [PubMed]

Mouanness, M.; Ali-Bynom, S.; Jackman, J.; Seckin, S.; Merhi, Z. Use of Intra-uterine Injection of Platelet-rich Plasma (PRP) for
Endometrial Receptivity and Thickness: A Literature Review of the Mechanisms of Action. Reprod. Sci. 2021, 28, 1659-1670.
[CrossRef] [PubMed]

ESHRE Add-ons working group; Lundin, K.; Bentzen, ].G.; Bozdag, G.; Ebner, T.; Harper, J.; Le Clef, N.; Moffett, A.; Norcross, S.;
Polyzos, N.P; et al. Good practice recommendations on add-ons in reproductive medicine. Hum. Reprod. 2023, 38, 2062-2104.
[CrossRef] [PubMed] [PubMed Central]

Edwards, R.G. Maturation in vitro of human ovarian oocytes. Lancet 1965, 2, 926-929. [CrossRef]

Mikkelsen, A.L.; Smith, S.D.; Lindenberg, S. In-vitro maturation of human oocytes from regularly menstruating women may be
successful without follicle stimulating hormone priming. Hum. Reprod. 1999, 14, 1847-1851. [CrossRef] [PubMed]

De Vos, M.; Grynberg, M.; Ho, T.M.; Yuan, Y.; Albertini, D.F; Gilchrist, R.B. Perspectives on the development and future of oocyte
IVM in clinical practice. J. Assist. Reprod. Genet. 2021, 38, 1265-1280. [CrossRef] [PubMed]

Thompson, ].; Gilchrist, R. Improving Oocyte Maturation In Vitro; Cambridge University Press: Cambridge, UK, 2013. Available
online: https://digital library.adelaide.edu.au/dspace/handle/2440/81932 (accessed on 16 February 2025).

Gilchrist, R.B.; Ho, T.M.; De Vos, M.; Sanchez, F.; Romero, S.; Ledger, W.L.; Anckaert, E.; Vuong, L.N.; Smitz, J. A fresh start for
IVM: Capacitating the oocyte for development using pre-IVM. Hum. Reprod. Update 2024, 30, 3-25. [CrossRef] [PubMed]

Son, W.-Y; Chung, J.-T.; Chian, R.-C.; Herrero, B.; Demirtas, E.; Elizur, S.; Gidoni, Y.; Sylvestre, C.; Dean, N.; Tan, S.L. A 38 h
interval between hCG priming and oocyte retrieval increases in vivo and in vitro oocyte maturation rate in programmed IVM
cycles. Hum. Reprod. 2008, 23, 2010-2016. [CrossRef]

De Vos, M.; Smitz, ].; Thompson, ].G.; Gilchrist, R.B. The definition of IVM is clear-variations need defining. Hum. Reprod. 2016,
31, 2411-2415. [CrossRef] [PubMed]

ASRM. In vitro maturation: A committee opinion. Fertil. Steril. 2021, 115, 298-304. [CrossRef] [PubMed]


https://doi.org/10.18632/aging.203972
https://www.ncbi.nlm.nih.gov/pubmed/35320118
https://doi.org/10.1001/jama.2015.12
https://doi.org/10.3390/medicina59040746
https://doi.org/10.3892/etm.2021.10848
https://www.ncbi.nlm.nih.gov/pubmed/34676005
https://pmc.ncbi.nlm.nih.gov/articles/PMC8524761
https://doi.org/10.3390/jcm9061809
https://doi.org/10.7759/cureus.12037
https://www.ncbi.nlm.nih.gov/pubmed/33457137
https://doi.org/10.1177/0963689719859539
https://doi.org/10.1093/humrep/deae093
https://www.ncbi.nlm.nih.gov/pubmed/38725194
https://doi.org/10.1038/s41598-024-77578-1
https://www.ncbi.nlm.nih.gov/pubmed/39472511
https://doi.org/10.1186/s12884-023-06140-0
https://www.ncbi.nlm.nih.gov/pubmed/38066425
https://doi.org/10.1007/s43032-021-00579-2
https://www.ncbi.nlm.nih.gov/pubmed/33886116
https://doi.org/10.1093/humrep/dead184
https://www.ncbi.nlm.nih.gov/pubmed/37747409
https://pmc.ncbi.nlm.nih.gov/articles/PMC10628516
https://doi.org/10.1016/S0140-6736(65)92903-X
https://doi.org/10.1093/humrep/14.7.1847
https://www.ncbi.nlm.nih.gov/pubmed/10402403
https://doi.org/10.1007/s10815-021-02263-5
https://www.ncbi.nlm.nih.gov/pubmed/34218388
https://digital.library.adelaide.edu.au/dspace/handle/2440/81932
https://doi.org/10.1093/humupd/dmad023
https://www.ncbi.nlm.nih.gov/pubmed/37639630
https://doi.org/10.1093/humrep/den210
https://doi.org/10.1093/humrep/dew208
https://www.ncbi.nlm.nih.gov/pubmed/27664204
https://doi.org/10.1016/j.fertnstert.2020.11.018
https://www.ncbi.nlm.nih.gov/pubmed/33358333

Medicina 2025, 61, 367 13 of 16

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Vuong, L.N.; Nguyen, M.H.N.; Nguyen, N.A_; Ly, T.T,; Tran, V.T.T.; Nguyen, N.T.; Hoang, H.L.T.; Le, X.T.H.; Pham, T.D.; Smitz,
J.E.].; et al. Development of children born from IVM versus IVF: 2-year follow-up of a randomized controlled trial. Hum. Reprod.
2022, 37, 1871-1879. [CrossRef]

Li, J.; Chen, J.; Sun, T.; Zhang, S.; Jiao, T.; Chian, R.-C.; Li, Y.; Xu, Y. Chromosome aneuploidy analysis in embryos derived from
in vivo and in vitro matured human oocytes. J. Transl. Med. 2021, 19, 416. [CrossRef] [PubMed]

Braam, S.C.; Ho, VN.A_; Pham, T.D.; Mol, B.W.; Wely, M.; van Vuong, L.N. In-vitro maturation versus IVF: A cost-effectiveness
analysis. Reprod. Biomed. Online 2021, 42, 143-149. [CrossRef] [PubMed]

Kashir, J.; Ganesh, D.; Jones, C.; Coward, K. Oocyte activation deficiency and assisted oocyte activation: Mechanisms, obstacles
and prospects for clinical application. Hum. Reprod. Open 2022, 2022, hoac003. [CrossRef] [PubMed] [PubMed Central]

Ebner, T.; Moser, M.; Sommergruber, M.; Jesacher, K.; Tews, G. Complete oocyte activation failure after ICSI can be overcome by a
modified injection technique. Hum. Reprod. 2004, 19, 1837-1841. [CrossRef]

Yanagida, K.; Katayose, H.; Yazawa, H.; Kimura, Y.; Sato, A.; Yanagimachi, H.; Yanagimachi, R. Successful fertilization and
pregnancy following ICSI and electrical oocyte activation. Hum. Reprod. 1999, 14, 1307-1311. [CrossRef] [PubMed]

Nikiforaki, D.; Vanden Meerschaut, F.; de Roo, C.; Lu, Y.; Ferrer-Buitrago, M.; de Sutter, P.; Heindryckx, B. Effect of two assisted
oocyte activation protocols used to overcome fertilization failure on the activation potential and calcium releasing pattern. Fertil.
Steril. 2016, 105, 798-806.€792. [CrossRef] [PubMed]

Ebner, T.; Oppelt, P.; Wober, M.; Staples, P.; Mayer, R.B.; Sonnleitner, U.; Bulfon-Vogl, S.; Gruber, I.; Haid, A.E.; Shebl, O. Treatment
with Ca?* ionophore improves embryo development and outcome in cases with previous developmental problems: A prospective
multicenter study. Hum. Reprod. 2015, 30, 97-102. [CrossRef] [PubMed]

Shebl, O.; Reiter, E.; Enengl, S.; Allerstorfer, C.; Schappacher-Tilp, G.; Trautner, P.S.; Rechberger, T.; Oppelt, P.; Ebner, T. Double
ionophore application in cases with previous failed /low fertilization or poor embryo development. Reprod. Biomed. Online 2022,
44, 829-837. [CrossRef]

Shan, Y.; Zhao, H.; Zhao, D.; Wang, J.; Cui, Y.; Bao, H. Assisted Oocyte Activation with Calcium Ionophore Improves Pregnancy
Outcomes and Offspring Safety in Infertile Patients: A Systematic Review and Meta-Analysis. Front. Physiol. 2022, 12, 751905.
[CrossRef] [PubMed]

Capalbo, A.; Ottolini, C.S.; Griffin, D.K.; Ubaldi, EM.; Handyside, A.H.; Rienzi, L. Artificial oocyte activation with calcium
ionophore does not cause a widespread increase in chromosome segregation errors in the second meiotic division of the oocyte.
Fertil. Steril. 2016, 105, 807-814.e802. [CrossRef] [PubMed]

Shebl, O.; Trautner, P.S.; Enengl, S.; Reiter, E.; Allerstorfer, C.; Rechberger, T.; Oppelt, P.; Ebner, T. Ionophore application for artificial
oocyte activation and its potential effect on morphokinetics: A sibling oocyte study. J. Assist. Reprod. Genet. 2021, 38, 3125-3133.
[CrossRef]

Mateizel, I.; Verheyen, G.; Van de Velde, H.; Tournaye, H.; Belva, F. Obstetric and neonatal outcome following ICSI with assisted oocyte
activation by calcium ionophore treatment. J. Assist. Reprod. Genet. 2018, 35, 1005-1010. [CrossRef] [PubMed] [PubMed Central]

Li, B.; Zhou, Y.; Yan, Z.; Li, M,; Xue, S; Cai, R,; Fu, Y;; Hong, Q.; Long, H.; Yin, M,; et al. Pregnancy and neonatal outcomes of
artificial oocyte activation in patients undergoing frozen-thawed embryo transfer: A 6-year population-based retrospective study.
Arch. Gynecol. Obstet. 2019, 300, 1083-1092. [CrossRef]

Long, R.; Wang, M.; Yang, Q.Y,; Hu, S.Q.; Zhu, L.X,; Jin, L. Risk of birth defectsin children conceived by artificial oocyte activation
and intracytoplasmic sperm injection: A meta-analysis. Reprod. Biol. Endocrinol. 2020, 18, 123. [CrossRef] [PubMed]

Vanden Meerschaut, F.; D'Haeseleer, E.; Gysels, H.; Thienpont, Y.; Dewitte, G.; Heindryckx, B.; Oostra, A.; Roeyers, H.; Van
Lierde, K.; De Sutter, P. Neonatal and neurodevelopmental outcome of children aged 3-10 years born following assisted oocyte
activation. Reprod. Biomed. Online 2014, 28, 54—63. [CrossRef] [PubMed]

Yin, M.; Yu, W,; Li, W,; Zhu, Q.; Long, H.; Kong, P; Lyu, Q. DNA methylation and gene expression changes in mouse pre-
and post-implantation embryos generated by intracytoplasmic sperm injection with artificial oocyte activation. Reprod. Biol.
Endocrinol. RBE 2021, 19, 163. [CrossRef] [PubMed]

Liang, R.; Fang, F; Li, S.; Chen, X.; Zhang, X.; Lu, Q. Is there any effect on imprinted genes H19, PEG3, and SNRPN during AOA?
Open Med. 2022, 17, 174-184. [CrossRef] [PubMed]

Lundin, K,; Park, H. Time-lapse technology for embryo culture and selection. Upsala ]. Med. Sci. 2020, 125, 77-84. [CrossRef] [PubMed]
ESHRE Working group on Time-lapse technology; Apter, S.; Ebner, T.; Freour, T.; Guns, Y.; Kovacic, B.; Le Clef, N.; Marques, M.;
Meseguer, M.; Montjean, D.; et al. Good practice recommendations for the use of time-lapse technology. Hum. Reprod. Open 2020,
2020, hoaa008. [CrossRef] [PubMed]

Armstrong, S.; Bhide, P; Jordan, V.; Pacey, A.; Marjoribanks, J.; Farquhar, C. Time-lapse systems for embryo incubation and
assessment in assisted reproduction. Cochrane Database Syst. Rev. 2019, 5, Cd011320. [CrossRef]

Iannone, A.; Carfi, A.; Mastrogiovanni, F.; Zaccaria, R.; Manna, C. On the role of artificial intelligence in analysing oocytes during
in vitro fertilisation procedures. Artif. Intell. Med. 2024, 157, 102997. [CrossRef] [PubMed]


https://doi.org/10.1093/humrep/deac115
https://doi.org/10.1186/s12967-021-03080-1
https://www.ncbi.nlm.nih.gov/pubmed/34625066
https://doi.org/10.1016/j.rbmo.2020.09.022
https://www.ncbi.nlm.nih.gov/pubmed/33132059
https://doi.org/10.1093/hropen/hoac003
https://www.ncbi.nlm.nih.gov/pubmed/35261925
https://pmc.ncbi.nlm.nih.gov/articles/PMC8894871
https://doi.org/10.1093/humrep/deh325
https://doi.org/10.1093/humrep/14.5.1307
https://www.ncbi.nlm.nih.gov/pubmed/10325283
https://doi.org/10.1016/j.fertnstert.2015.11.007
https://www.ncbi.nlm.nih.gov/pubmed/26632207
https://doi.org/10.1093/humrep/deu285
https://www.ncbi.nlm.nih.gov/pubmed/25376461
https://doi.org/10.1016/j.rbmo.2021.11.008
https://doi.org/10.3389/fphys.2021.751905
https://www.ncbi.nlm.nih.gov/pubmed/35140624
https://doi.org/10.1016/j.fertnstert.2015.11.017
https://www.ncbi.nlm.nih.gov/pubmed/26658129
https://doi.org/10.1007/s10815-021-02338-3
https://doi.org/10.1007/s10815-018-1124-6
https://www.ncbi.nlm.nih.gov/pubmed/29392515
https://pmc.ncbi.nlm.nih.gov/articles/PMC6030021
https://doi.org/10.1007/s00404-019-05298-3
https://doi.org/10.1186/s12958-020-00680-2
https://www.ncbi.nlm.nih.gov/pubmed/33308238
https://doi.org/10.1016/j.rbmo.2013.07.013
https://www.ncbi.nlm.nih.gov/pubmed/24125944
https://doi.org/10.1186/s12958-021-00845-7
https://www.ncbi.nlm.nih.gov/pubmed/34732215
https://doi.org/10.1515/med-2022-0410
https://www.ncbi.nlm.nih.gov/pubmed/35071778
https://doi.org/10.1080/03009734.2020.1728444
https://www.ncbi.nlm.nih.gov/pubmed/32096675
https://doi.org/10.1093/hropen/hoaa008
https://www.ncbi.nlm.nih.gov/pubmed/32206731
https://doi.org/10.1002/14651858.CD011320.pub4
https://doi.org/10.1016/j.artmed.2024.102997
https://www.ncbi.nlm.nih.gov/pubmed/39383707

Medicina 2025, 61, 367 14 of 16

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Fragouli, E.; Munne, S.; Wells, D. The cytogenetic constitution of human blastocysts: Insights from comprehensive chromosome
screening strategies. Hum. Reprod. Update 2019, 25, 15-33. [CrossRef] [PubMed]

van Montfoort, A.; Carvalho, F.; Coonen, E.; Kokkali, G.; Moutou, C.; Rubio, C.; Goossens, V.; De Rycke, M. ESHRE PGT
Consortium data collection XIX-XX: PGT analyses from 2016 to 2017. Hum. Reprod. Open 2021, 2021, hoab024. [CrossRef]
Geraedsts, J.; Sermon, K. Preimplantation genetic screening 2.0: The theory. Mol. Hum. Reprod. 2016, 22, 839-844. [CrossRef]
Fiorentino, F.; Bono, S.; Biricik, A.; Nuccitelli, A.; Cotroneo, E.; Cottone, G.; Kokocinski, F.; Michel, C.E.; Minasi, M.G.; Greco,
E. Application of next-generation sequencing technology for comprehensive aneuploidy screening of blastocysts in clinical
preimplantation genetic screening cycles. Hum. Reprod. 2014, 29, 2802-2813. [CrossRef] [PubMed]

Sermon, K.; Capalbo, A.; Cohen, J.; Coonen, E.; De Rycke, M.; De Vos, A.; Delhanty, ].; Fiorentino, F; Gleicher, N.; Griesinger,
G.; et al. The why, the how and the when of PGS 2.0: Current practices and expert opinions of fertility specialists, molecular
biologists, and embryologists. Mol. Hum. Reprod. 2016, 22, 845-857. [CrossRef]

Coonen, E.; van Montfoort, A.; Carvalho, F.; Kokkali, G.; Moutou, C.; Rubio, C.; De Rycke, M.; Goossens, V. ESHRE PGT
Consortium data collection XVI-XVIIIL: Cycles from 2013 to 2015. Hum. Reprod. Open 2020, 2020, hoaa043. [CrossRef]

Scott, R.T., Jr.; Upham, K.M.; Forman, E.J.; Zhao, T.; Treff, N.R. Cleavage-stage biopsy significantly impairs human embryonic
implantation potential while blastocyst biopsy does not: A randomized and paired clinical trial. Fertil. Steril. 2013, 100, 624-630.
[CrossRef] [PubMed]

Thornhill, A.; Dedie-Smulders, C.; Geraedsts, J.; Harper, J.; Harton, G.; Lavery, S.; Moutou, C.; Robinson, M.D.; Schmutzler, A;
Scriven, P.; et al. ESHRE PGD Consortium ‘Best practice guidelines for clinical preimplantation genetic diagnosis (PGD) and
preimplantation genetic screening (PGS)’. Hum. Reprod. 2005, 20, 35-48. [CrossRef] [PubMed]

van de Wiel, L.; Wilkinson, J.; Athanasiou, P.; Harper, J. The prevalence, promotion and pricing of three IVF add-ons on fertility
clinic websites. Reprod. Biomed. Online 2020, 41, 801-806. [CrossRef] [PubMed]

Ata, B.; Kalafat, E.; Somigliana, E. A new definition of recurrent implantation failure on the basis of anticipated blastocyst
aneuploidy rates across female age. Fertil. Steril. 2021, 116, 1320-1327. [CrossRef] [PubMed]

Gill, P; Ata, B.; Arnanz, A.; Cimadomo, D.; Vaiarelli, A.; Fatemi, H.; Ubaldi, EM.; Garcia-Velasco, J.; Seli, E. Does recurrent
implantation failure exist? Prevalence and outcomes of five consecutive euploid blastocyst transfers in 123,987 patients. Humi.
Reprod. 2024, 39, 974-980. [CrossRef] [PubMed]

Mumusoglu, S.; Telek, S.B.; Ata, B. Preimplantation genetic testing for aneuploidy in unexplained recurrent pregnancy loss: A
systematic review and meta-analysis. Fertil. Steril. 2025, 123, 121-136. [CrossRef]

Harris, B.S.; Bishop, K.C.; Kuller, J.A.; Alkilany, S.; Price, T.M. Preimplantation genetic testing: A review of current modalities. FS
Rev. 2021, 2, 43-56. [CrossRef]

Cram, D.S; Leigh, D.; Handyside, A.; Rechitsky, L.; Xu, K.; Harton, G.; Grifo, ].; Rubio, C.; Fragouli, E.; Kahraman, S.; et al. PGDIS
position statement on the transfer of mosaic embryos 2019. Reprod. Biomed. Online 2019, 39, el—e4. [CrossRef] [PubMed]
Gleicher, N.; Albertini, D.F,; Barad, D.H.; Homer, H.; Modji, D.; Murtinger, M.; Patrizio, P; Orvieto, R.; Takahashi, S.; Weghofer, A.;
et al. The 2019 PGDIS position statement on transfer of mosaic embryos within a context of new information on PGT-A. Reprod.
Biol. Endocrinol. 2020, 18, 57. [CrossRef]

Gleicher, N.; Patrizio, P; Brivanlou, A. Preimplantation Genetic Testing for Aneuploidy—A Castle Built on Sand. Trends Mol. Med.
2021, 27, 731-742. [CrossRef] [PubMed]

Cornelisse, S.; Zagers, M.; Kostova, E.; Fleischer, K.; van Wely, M.; Mastenbroek, S. Preimplantation genetic testing for aneuploidies
(abnormal number of chromosomes) in in vitro fertilisation. Cochrane Database Syst. Rev. 2020, 9, CD005291. [CrossRef] [PubMed]
[PubMed Central]

Rubio, C.; Bellver, J.; Rodrigo, L.; Castillén, G.; Guillén, A.; Vidal, C.; Giles, J.; Ferrando, M.; Cabanillas, S.; Remohi, J.; et al.
In vitro fertilization with preimplantation genetic diagnosis for aneuploidies in advanced maternal age: A randomized, controlled
study. Fertil. Steril. 2017, 107, 1122-1129. [CrossRef] [PubMed]

Simopoulou, M.; Sfakianoudis, K.; Maziotis, E.; Tsioulou, P.; Grigoriadis, S.; Rapani, A.; Giannelou, P.; Asimakopoulou, M.;
Kokkali, G.; Pantou, A.; et al. PGT-A: Who and when? A systematic review and network meta-analysis of RCTs. J. Assist. Reprod.
Genet. 2021, 38, 1939-1957. [CrossRef] [PubMed] [PubMed Central]

Yan, J.; Qin, Y.; Zhao, H.; Sun, Y.; Gong, E; Li, R.; Sun, X; Ling, X.; Li, H.; Hao, C.; et al. Live Birth with or without Preimplantation
Genetic Testing for Aneuploidy. N. Engl. |. Med. 2021, 385, 2047-2058. [CrossRef] [PubMed]

Verpoest, W.; Staessen, C.; Bossuyt, PM.; Goossens, V.; Altarescu, G.; Bonduelle, M.; Devesa, M.; Eldar-Geva, T.; Gianaroli, L.;
Griesinger, G.; et al. Preimplantation genetic testing for aneuploidy by microarray analysis of polar bodies in advanced maternal
age: A randomized clinical trial. Hum. Reprod. 2018, 33, 1767-1776. [CrossRef] [PubMed]

Munné, S.; Kaplan, B.; Frattarelli, ].L.; Child, T.; Nakhuda, G.; Shamma, FN.; Silverberg, K.; Kalista, T.; Handyside, A.H.; Katz-Jaffe,
M.; et al. Preimplantation genetic testing for aneuploidy versus morphology as selection criteria for single frozen-thawed embryo
transfer in good-prognosis patients: A multicenter randomized clinical trial. Fertil. Steril. 2019, 112, 1071-1079.€7. [CrossRef]
[PubMed]


https://doi.org/10.1093/humupd/dmy036
https://www.ncbi.nlm.nih.gov/pubmed/30395265
https://doi.org/10.1093/hropen/hoab024
https://doi.org/10.1093/molehr/gaw033
https://doi.org/10.1093/humrep/deu277
https://www.ncbi.nlm.nih.gov/pubmed/25336713
https://doi.org/10.1093/molehr/gaw034
https://doi.org/10.1093/hropen/hoaa043
https://doi.org/10.1016/j.fertnstert.2013.04.039
https://www.ncbi.nlm.nih.gov/pubmed/23773313
https://doi.org/10.1093/humrep/deh579
https://www.ncbi.nlm.nih.gov/pubmed/15539444
https://doi.org/10.1016/j.rbmo.2020.07.021
https://www.ncbi.nlm.nih.gov/pubmed/32888824
https://doi.org/10.1016/j.fertnstert.2021.06.045
https://www.ncbi.nlm.nih.gov/pubmed/34332750
https://doi.org/10.1093/humrep/deae040
https://www.ncbi.nlm.nih.gov/pubmed/38452358
https://doi.org/10.1016/j.fertnstert.2024.08.326
https://doi.org/10.1016/j.xfnr.2020.10.001
https://doi.org/10.1016/j.rbmo.2019.06.012
https://www.ncbi.nlm.nih.gov/pubmed/31421710
https://doi.org/10.1186/s12958-020-00616-w
https://doi.org/10.1016/j.molmed.2020.11.009
https://www.ncbi.nlm.nih.gov/pubmed/33446425
https://doi.org/10.1002/14651858.CD005291.pub3
https://www.ncbi.nlm.nih.gov/pubmed/32898291
https://pmc.ncbi.nlm.nih.gov/articles/PMC8094272
https://doi.org/10.1016/j.fertnstert.2017.03.011
https://www.ncbi.nlm.nih.gov/pubmed/28433371
https://doi.org/10.1007/s10815-021-02227-9
https://www.ncbi.nlm.nih.gov/pubmed/34036455
https://pmc.ncbi.nlm.nih.gov/articles/PMC8417193
https://doi.org/10.1056/NEJMoa2103613
https://www.ncbi.nlm.nih.gov/pubmed/34818479
https://doi.org/10.1093/humrep/dey262
https://www.ncbi.nlm.nih.gov/pubmed/30085138
https://doi.org/10.1016/j.fertnstert.2019.07.1346
https://www.ncbi.nlm.nih.gov/pubmed/31551155

Medicina 2025, 61, 367 15 of 16

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.
88.

89.

Cimadomo, D.; Rienzi, L.; Conforti, A.; Forman, E.; Canosa, S.; Innocenti, F; Poli, M.; Hynes, J.; Gemmell, L.; Vaiarelli, A.; et al.
0-193 Opening the black box: Why do euploid blastocysts fail to implant? A systematic review and meta-analysis. Hum. Reprod.
2023, 38 (Suppl. S1), dead093.234. [CrossRef]

Munné, S.; Blazek, J.; Large, M.; Martinez-Ortiz, P.A.; Nisson, H.; Liu, E.; Tarozzi, N.; Borini, A.; Becker, A.; Zhang, J.; et al.
Detailed investigation into the cytogenetic constitution and pregnancy outcome of replacing mosaic blastocysts detected with the
use of high-resolution next-generation sequencing. Fertil. Steril. 2017, 108, 62-71.e8. [CrossRef] [PubMed]

Natsuaki, M.N.; Dimler, L.M. Pregnancy and child developmental outcomes after preimplantation genetic screening: A meta-
analytic and systematic review. World J. Pediatr. 2018, 14, 555-569. [CrossRef] [PubMed]

Hou, W,; Shi, G.; Ma, Y,; Liu, Y,; Lu, M; Fan, X,; Sun, Y. Impact of preimplantation genetic testing on obstetric and neonatal
outcomes: A systematic review and meta-analysis. Fertil. Steril. 2021, 116, 990-1000. [CrossRef] [PubMed]

Zheng, W.; Yang, C.; Yang, S.; Sun, S.; Mu, M.; Rao, M.; Zu, R;; Yan, J.; Ren, B.; Yang, R.; et al. Obstetric and neonatal outcomes of
pregnancies resulting from preimplantation genetic testing: A systematic review and meta-analysis. Hum. Reprod. Update 2021,
27,989-1012. [CrossRef] [PubMed]

Liang, Z.; Wen, Q.; Li, ].; Zeng, D.; Huang, P. A systematic review and meta-analysis: Clinical outcomes of recurrent pregnancy
failure resulting from preimplantation genetic testing for aneuploidy. Front. Endocrinol. 2023, 14, 1178294. [CrossRef] [PubMed]
[PubMed Central]

Adamyan, L.; Pivazyan, L.; Obosyan, L.; Krylova, E.; Isaeva, S. Preimplantation genetic testing for aneuploidy in patients of different
age: A systematic review and meta-analysis. Obstet. Gynecol. Sci. 2024, 67, 356-379. [CrossRef] [PubMed] [PubMed Central]
Gianaroli, L.; Magli, M.C.; Pomante, A.; Crivello, A.M.; Cafueri, G.; Valerio, M.; Ferraretti, A.P. Blastocentesis: A source of DNA
for preimplantation genetic testing. Results from a pilot study. Fertil. Steril. 2014, 102, 1692-1699.e6. [CrossRef] [PubMed]
Shamonki, M.IL; Jin, H.; Haimowitz, Z.; Liu, L. Proof of concept: Preimplantation genetic screening without embryo biopsy
through analysis of cell-free DNA in spent embryo culture media. Fertil. Steril. 2016, 106, 1312-1318. [CrossRef] [PubMed]
Leaver, M.; Wells, D. Non-invasive preimplantation genetic testing (niPGT): The next revolution in reproductive genetics? Hum.
Reprod. Update 2020, 26, 16-42. [CrossRef] [PubMed]

Huang, L.; Bogale, B.; Tang, Y.; Lu, S.; Xie, X.S.; Racowsky, C. Noninvasive preimplantation genetic testing for aneuploidy in
spent medium may be more reliable than trophectoderm biopsy. Proc. Natl. Acad. Sci. USA 2019, 116, 14105-14112. [CrossRef]
Chen, J; Jia, L.; Li, T.; Guo, Y.; He, S.; Zhang, Z.; Su, W.; Zhang, S.; Fang, C. Diagnostic efficiency of blastocyst culture medium in
non-invasive preimplantation genetic Testing. FS Rep. 2021, 2, 88-94.

Volovsky, M.; Scott, R.; Seli, E. Non-invasive preimplantation genetic testing for aneuploidy: Is the promise real? Hum. Reprod.
2024, 39, 1899-1908. [CrossRef] [PubMed]

Bentov, Y.; Casper, R.F. The aging oocyte—Can mitochondrial function be improved? Fertil. Steril. 2013, 99, 18-22. [CrossRef]
[PubMed]

El Shourbagy, S.H.; Spikings, E.C.; Freitas, M.; St John, ].C. Mitochondria directly influence fertilisation outcome in the pig.
Reproduction 2006, 131, 233-245. [CrossRef]

Yi, Y.-C.; Chen, M.-].; Ho, ].Y.-P.; Guu, H.-E;; Ho, E.S.-C. Mitochondria transfer can enhance the murine embryo development. J.
Assist. Reprod. Genet. 2007, 24, 445-449. [CrossRef]

Barritt, J.A.; Brenner, C.A.; Malter, H.E.; Cohen, J. Mitochondria in human offspring derived from ooplasmic transplantation.
Hum. Reprod. 2001, 16, 513-516. [CrossRef] [PubMed]

Cohen, J.; Scott, R.; Alikani, M.; Schimmel, T.; Munné, S.; Levron, J.; Wu, L.; Brenner, C.; Warner, C.; Willadsen, S. Ooplasmic
transfer in mature human oocytes. Mol. Hum. Reprod. 1998, 4, 269-280. [CrossRef] [PubMed]

Zhang, J.; Liu, H. Cytoplasm replacement following germinal vesicle transfer restores meiotic maturation and spindle assembly
in meiotically arrested oocytes. Reprod. Biomed. Online 2015, 31, 71-78. [CrossRef] [PubMed]

Costa-Borges, N.; Nikitos, E.; Spath, K.; Miguel-Escalada, I.; Ma, H.; Rink, K.; Coudereau, C.; Darby, H.; Koski, A.; Van Dyken,
C.; et al. First pilot study of maternal spindle transfer for the treatment of repeated in vitro fertilization failures in couples with
idiopathic infertility. Fertil. Steril. 2023, 119, 964-973. [CrossRef] [PubMed]

Zhang, ].; Zhuang, G.; Zeng, Y.; Grifo, ].; Acosta, C.; Shu, Y.; Liu, H. Pregnancy derived from human zygote pronuclear transfer in
a patient who had arrested embryos after IVF. Reprod. Biomed. Online 2016, 33, 529-533. [CrossRef]

Ma, H.; O’Neil, R.C.; Marti Gutierrez, N.; Hariharan, M.; Zhang, Z.Z.; He, Y.; Cinnioglu, C.; Kayali, R.; Kang, E.; Lee, Y.; et al.
Functional Human Oocytes Generated by Transfer of Polar Body Genomes. Cell Stem Cell 2017, 20, 112-119. [CrossRef] [PubMed]
Sathananthan, A.H. Ultrastructure of the human egg. Hum. Cell 1997, 10, 21-38.

Acton, B.M,; Lai, I.; Shang, X.; Jurisicova, A.; Casper, R.F. Neutral mitochondrial heteroplasmy alters physiological function in
mice. Biol. Reprod. 2007, 77, 569-576. [CrossRef] [PubMed]

Sharpley, M.S.; Marciniak, C.; Eckel-Mahan, K.; McManus, M.; Crimi, M.; Waymire, K.; Lin, C.S.; Masubuchi, S.; Friend, N.; Koike,
M.; et al. Heteroplasmy of mouse mtDNA is genetically unstable and results in altered behavior and cognition. Cell 2012, 151,
333-343. [CrossRef]


https://doi.org/10.1093/humrep/dead093.234
https://doi.org/10.1016/j.fertnstert.2017.05.002
https://www.ncbi.nlm.nih.gov/pubmed/28579407
https://doi.org/10.1007/s12519-018-0172-4
https://www.ncbi.nlm.nih.gov/pubmed/30066049
https://doi.org/10.1016/j.fertnstert.2021.06.040
https://www.ncbi.nlm.nih.gov/pubmed/34373103
https://doi.org/10.1093/humupd/dmab027
https://www.ncbi.nlm.nih.gov/pubmed/34473268
https://doi.org/10.3389/fendo.2023.1178294
https://www.ncbi.nlm.nih.gov/pubmed/37850092
https://pmc.ncbi.nlm.nih.gov/articles/PMC10577404
https://doi.org/10.5468/ogs.24028
https://www.ncbi.nlm.nih.gov/pubmed/38803301
https://pmc.ncbi.nlm.nih.gov/articles/PMC11266849
https://doi.org/10.1016/j.fertnstert.2014.08.021
https://www.ncbi.nlm.nih.gov/pubmed/25256935
https://doi.org/10.1016/j.fertnstert.2016.07.1112
https://www.ncbi.nlm.nih.gov/pubmed/27565258
https://doi.org/10.1093/humupd/dmz033
https://www.ncbi.nlm.nih.gov/pubmed/31774124
https://doi.org/10.1073/pnas.1907472116
https://doi.org/10.1093/humrep/deae151
https://www.ncbi.nlm.nih.gov/pubmed/38970367
https://doi.org/10.1016/j.fertnstert.2012.11.031
https://www.ncbi.nlm.nih.gov/pubmed/23273985
https://doi.org/10.1530/rep.1.00551
https://doi.org/10.1007/s10815-007-9161-6
https://doi.org/10.1093/humrep/16.3.513
https://www.ncbi.nlm.nih.gov/pubmed/11228222
https://doi.org/10.1093/molehr/4.3.269
https://www.ncbi.nlm.nih.gov/pubmed/9570273
https://doi.org/10.1016/j.rbmo.2015.03.012
https://www.ncbi.nlm.nih.gov/pubmed/25985993
https://doi.org/10.1016/j.fertnstert.2023.02.008
https://www.ncbi.nlm.nih.gov/pubmed/36787873
https://doi.org/10.1016/j.rbmo.2016.07.008
https://doi.org/10.1016/j.stem.2016.10.001
https://www.ncbi.nlm.nih.gov/pubmed/27840020
https://doi.org/10.1095/biolreprod.107.060806
https://www.ncbi.nlm.nih.gov/pubmed/17554081
https://doi.org/10.1016/j.cell.2012.09.004

Medicina 2025, 61, 367 16 of 16

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Salamonsen, L.A.; Shuster, S.; Stern, R. Distribution of hyaluronan in human endometrium across the menstrual cycle. Cell Tissue
Res. 2001, 306, 335-340. [CrossRef]

Fancsovits, P; Lehner, A.; Murber, A ; Kaszas, Z.; Rigo, ].; Urbancsek, J. Effect of hyaluronan-enriched embryo transfer medium
on IVF outcome: A prospective randomized clinical trial. Arch. Gynecol. Obstet. 2015, 291, 1173-1179. [CrossRef] [PubMed]
Stern, R.; Asari, A.A.; Sugahara, K.N. Hyaluronan fragments: An information-rich system. Eur. J. Cell Biol. 2006, 85, 699-715,
ISSN 0171-9335. [CrossRef] [PubMed]

Stojkovic, M.; Kélle, S.; Peinl, S.; Stojkovic, P.; Zakhartchenko, V.; Thompson, J.G.; Wenigerkind, H.; Reichenbach, H.D.; Sinowatz,
F.; Wolf, E. Effects of high concentrations of hyaluronan in culture medium on development and survival rates of fresh and
frozen-thawed bovine embryos produced in vitro. Reproduction 2002, 124, 141-153. [CrossRef] [PubMed]

Afify, AM,; Craig, S.; Paulino, A.F. Temporal variation in the distribution of hyaluronic acid, CD44s, and CD44v6 in the human
endometrium across the menstrual cycle. Appl. Immunohistochem. Mol. Morphol. 2006, 14, 328-333. [CrossRef] [PubMed]

Marei, W.F,; Salavati, M.; Fouladi-Nashta, A.A. Critical role of hyaluronidase-2 during preimplantation embryo development.
Mol. Hum. Reprod. 2013, 19, 590-599. [CrossRef] [PubMed]

Yan, Q.; Zhao, M.; Hao, F; Zhao, R.; Teng, X.; He, B.; Zhu, C.; Chen, Z.; Li, K. Effect of hyaluronic acid-enriched transfer medium
on frozen-thawed embryo transfer outcomes in RIF patients: A single-centre retrospective study. Front. Endocrinol. 2023, 14,
1170727. [CrossRef] [PubMed] [PubMed Central]

Gardner, D.K,; Lane, M. Blastocyst transfer. Clin. Obstet. Gynecol. 2003, 46, 231-238. [CrossRef]

Menezo, Y.; Arnal, F.; Humeau, C.; Ducret, L.; Nicollet, B. Increased viscosity in transfer medium does not improve the pregnancy
rates after embryo replacement. Fertil. Steril. 1989, 52, 680-682. [CrossRef] [PubMed]

Abou-Setta, A.M.; Peters, L.R.; D’Angelo, A.; Sallam, H.N.; Hart, R]J.; Al-Inany, H.G. Post-embryo transfer interventions for
assisted reproduction technology cycles. Cochrane Database Syst. Rev. 2014, 2014, Cd006567. [CrossRef]

Huang, J.; Chen, H.; Lu, X.; Wang, X,; Xi, H.; Zhu, C.; Zhang, F; Lv, ].; Ge, H. The effect of protein supplement concentration in
embryo transfer medium on clinical outcome of IVF/ICSI cycles: A prospective, randomized clinical trial. Reprod. Biomed. Online
2016, 32, 79-84. [CrossRef] [PubMed]

Heymann, D.; Vidal, L.; Or, Y.; Shoham, Z. Hyaluronic acid in embryo transfer media for assisted reproductive technologies.
Cochrane Database Syst. Rev. 2020, 2020, Cd007421.

Yung, S.S.F; Lai, S.F.; Lam, M.T,; Lui, EM.W.; Ko, ] K.Y.; Li, HW.R,; Wong, ].Y.Y;; Lau, E.Y.L.; Yeung, W.S.B.; Ng, E.H.Y. Hyaluronic
acid-enriched transfer medium for frozen embryo transfer: A randomized, double-blind, controlled trial. Fertil. Steril. 2021, 116,
1001-1009. [CrossRef]

Heymann, D.; Vidal, L.; Shoham, Z.; Kostova, E.; Showell, M.; Or, Y. The effect of hyaluronic acid in embryo transfer media in
donor oocyte cycles and autologous oocyte cycles: A systematic review and meta-analysis. Hum. Reprod. 2022, 37, 1451-1469.
[CrossRef]

Pandit, S.; Sharma, R. Noninvasive assessment of human oocytes and embryos in assisted reproduction: Review on present
practices and future trends. Med. ]. Armed Forces India 2022, 78, 7-16. [CrossRef] [PubMed]

Venturas, M.; Yang, X.; Sakkas, D.; Needleman, D. Noninvasive metabolic profiling of cumulus cells, oocytes, and embryos via
fluorescence lifetime imaging microscopy: A mini-review. Hum. Reprod. 2023, 38, 799-810. [CrossRef] [PubMed] [PubMed Central]
Jiang, V.S.; Bormann, C.L. Artificial intelligence in the in vitro fertilization laboratory: A review of advancements over the last
decade. Fertil. Steril. 2023, 120, 17-23. [CrossRef] [PubMed]

Cherouveim, P.; Velmahos, C.; Bormann, C.L. Artificial intelligence for sperm selection-a systematic review. Fertil. Steril. 2023,
120, 24-31. [CrossRef] [PubMed]

Hendriks, S.; Dancet, E.A.; van Pelt, A.M.; Hamer, G.; Repping, S. Artificial gametes: A systematic review of biological progress
towards clinical application. Hum. Reprod. Update 2015, 21, 285-296. [CrossRef] [PubMed]

Zhang, PY,; Fan, Y,; Tan, T.; Yu, Y. Generation of Artificial Gamete and Embryo from Stem Cells in Reproductive Medicine. Front.
Bioeng. Biotechnol. 2020, 8, 781. [CrossRef] [PubMed] [PubMed Central]

Hayashi, K.; Galli, C.; Diecke, S.; Hildebrandt, T.B. Artificially produced gametes in mice, humans and other species. Reprod.
Fertil. Dev. 2021, 33, 91-101. [CrossRef] [PubMed]

Villalba, A. Artificial Gametes and Human Reproduction in the 21st Century: An Ethical Analysis. Reprod. Sci. 2024, 31, 2174-2183.
[CrossRef] [PubMed]

Polyakov, A.; Savalescu, J.; Gyngell, C.; Rozen, C. Innovations in reproductive medicine, Gartner hyp cycle and Dunning-Kruger
effect. Reprod. BioMed. Online 2024, 104702. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s004410100452
https://doi.org/10.1007/s00404-014-3541-9
https://www.ncbi.nlm.nih.gov/pubmed/25398398
https://doi.org/10.1016/j.ejcb.2006.05.009
https://www.ncbi.nlm.nih.gov/pubmed/16822580
https://doi.org/10.1530/rep.0.1240141
https://www.ncbi.nlm.nih.gov/pubmed/12090927
https://doi.org/10.1097/00129039-200609000-00012
https://www.ncbi.nlm.nih.gov/pubmed/16932025
https://doi.org/10.1093/molehr/gat032
https://www.ncbi.nlm.nih.gov/pubmed/23625939
https://doi.org/10.3389/fendo.2023.1170727
https://www.ncbi.nlm.nih.gov/pubmed/37465128
https://pmc.ncbi.nlm.nih.gov/articles/PMC10350524
https://doi.org/10.1097/00003081-200306000-00005
https://doi.org/10.1016/S0015-0282(16)60987-1
https://www.ncbi.nlm.nih.gov/pubmed/2806609
https://doi.org/10.1002/14651858.CD006567.pub3
https://doi.org/10.1016/j.rbmo.2015.10.004
https://www.ncbi.nlm.nih.gov/pubmed/26611500
https://doi.org/10.1016/j.fertnstert.2021.02.015
https://doi.org/10.1093/humrep/deac097
https://doi.org/10.1016/j.mjafi.2021.04.002
https://www.ncbi.nlm.nih.gov/pubmed/35035038
https://doi.org/10.1093/humrep/dead063
https://www.ncbi.nlm.nih.gov/pubmed/37015098
https://pmc.ncbi.nlm.nih.gov/articles/PMC10152178
https://doi.org/10.1016/j.fertnstert.2023.05.149
https://www.ncbi.nlm.nih.gov/pubmed/37211062
https://doi.org/10.1016/j.fertnstert.2023.05.157
https://www.ncbi.nlm.nih.gov/pubmed/37236418
https://doi.org/10.1093/humupd/dmv001
https://www.ncbi.nlm.nih.gov/pubmed/25609401
https://doi.org/10.3389/fbioe.2020.00781
https://www.ncbi.nlm.nih.gov/pubmed/32793569
https://pmc.ncbi.nlm.nih.gov/articles/PMC7387433
https://doi.org/10.1071/RD20265
https://www.ncbi.nlm.nih.gov/pubmed/38769675
https://doi.org/10.1007/s43032-024-01558-z
https://www.ncbi.nlm.nih.gov/pubmed/38780744
https://doi.org/10.1016/j.rbmo.2024.104702

	Introduction 
	Platelet-Rich Plasma (PRP) Injection Treatment 
	In Vitro Maturation of Oocytes (IVM) 
	Artificial Oocyte Activation (AOA) 
	Time-Lapse Imaging (TLI) 
	Preimplantation Genetic Testing (PGT) 
	Mitochondrial Replacement Therapy (MRT) 
	Hyaluronan (HA)-Rich Culture Media 

	Discussion 
	Conclusions 
	References

