
..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..What is known already: The increasing delay of childbearing has led to ur-
gent development of new non-invasive biomarkers of oocyte competency.
Aging is a complex process that includes impairment of mitochondrial function
and metabolic activity, increase of oxidative stress, alteration in the activity of
several cell-signaling systems.

A great candidate to monitoring oocyte quality is the hCCs. During follicu-
logenesis there is an intense bidirectional communication between oocyte and
its follicular cells. During oogenesis, CCs supply the oocyte with energy sub-
strates and essential nutrients. Age-related mitochondrial dysfunction in hCCs
was described to adversely affect oocyte growth and development.
Study design, size, duration: The objective of this study was to character-
ise the mitochondrial membrane potential (Dwm) of hCCs provided from
patients undergoing ICSI (intracytoplasmic sperm injection) or oocyte cryo-
preservation in the Reproductive Medicine Unit of CHUC (Centro Hospitalar
e Universitário de Coimbra, Coimbra, Portugal) between July and December
2021, to establish a predictive biomarker of oocyte competency and success-
ful IVF outcomes.
Participants/materials, setting, methods: hCCs, collected from cumu-
lus-oocyte complexes of 53 patients, were incubated with tetramethylrhod-
amine methyl ester (TMRM - 50 nM), MitoTracker Green (MTG 100 nM) and
Hoechst (5mg/mL). Briefly, TMRM, due to its positive charge, accumulates
within the mitochondria in a DWm-depend manner, and emits red fluores-
cence. On the other hand, MTG is green-fluorescent mitochondrial dye which
appears to localize in mitochondria regardless of Dwm. Therefore, the red/
green fluorescence ratio can be measured as mitochondrial activity outcome.
Main results and the role of chance: The 53 patients studied were divided
in two age groups (27 patients with <35 and 26 with � 35 years old). A de-
crease in hCCs Dwm of women with advanced maternal age (�35 y) com-
pared with hCCs recovered from women with <35 was observed
(P¼ 0.001). No differences were found in CCs Dwm in terms of infertility
cause, body mass index and social habits (e.g., smoking) (P> 0.05). We also
investigated if Dwm can be an effective indicator of clinical outcomes in IVF
techniques; however, no correlation was observed between Dwm and oocyte
maturation, fertilization, D3 embryo development and blastocyst develop-
ment rates.

Our preliminary data strongly support the idea that advanced reproductive
age of women undergoing IVF is accompanied by impaired cumulus cell mito-
chondrial function.
Limitations, reasons for caution: More data is needed to be collected to
support our preliminary results, such as increasing the sample size, as well as
better characterisation of the mitochondrial function in hCCs.
Wider implications of the findings: This knowledge opens a new window
of opportunities in the development of new strategies to mitigate the effects
of oocyte aging on (in)fertility, through clinical therapies, such as enhancing
the mitochondrial function in hCCs.
Trial registration number: -
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Study question: Do kinetic parameters change among euploid, mosaic and
aneuploid blastocysts? Is the KIDscoreTMDay5 version 3.0 (KS-5.3) correlated
to preimplantation genetic testing for aneuploidies (PGT-A) results?
Summary answer: The KS-5.3 differs in embryo ploidy classes. The analysis
of the kinetic variables showed that the aneuploid embryos were significantly
slower than euploid and mosaic.
What is known already: Chromosomal abnormalities affect more than 50%
of embryos in women with >35 years of age and PGT-A is the best way to
predict embryo’s ploidy status decreasing implantation failure and miscarriage.

However, this procedure is not always possible due to social or moral issues.
So, the use of the non-invasive time lapse monitoring could be helpful to de-
termine the morphokinetic characteristics in the different ploidy classes. KS-
5.3 (vitrolife,Sweden) is a scoring model based on morphokinetic data, devel-
oped to predict the pregnancy rate of day-5 blastocysts. Recent publications
showed differences in kinetic parameters between euploid and aneuploid
embryos.
Study design, size, duration: This retrospective study analyzed 728 blasto-
cysts with PGT-A results obtained at Villa Mafalda Clinic from May 2020 to
June 2021. Embryos were cultured in EmbryoScope1 time-lapse system
(Vitrolife) at 37 �C, 6%CO2, and 5% O2. The PGT-A was performed using
next-generation sequence (NGS) technology on the trophectoderm biopsy
sample on day 5/6/7. Automatic annotations for division times and quality
gradings were performed by senior embryologists and all kinetic values were
reported in hours post microinjection.
Participants/materials, setting, methods: 728 blastocysts were classified
in: (E) euploid (n¼ 172), (M) mosaicism (n¼ 171) and (A) aneuploid
(n¼ 385). In this study, they were considered KS-5.3 and the following kinetic
variables: the time to reach 2 cells (t2), 3 cells (t3), 4 cells (t4), 5 cells (t5),
and the blastocyst formation (TB). Continuous variables were reported as the
median and interquartile range (IQR). For the statistical analysis, nonparamet-
ric tests were performed and p< 0.05 was considered statistically significant.
Main results and the role of chance: KS5.3 was significantly different be-
tween groups [E¼ 6.6(4.6-7.9) vs M¼ 5.3(2.9-7.2) vs A¼ 4.0(2.5-6.6),
p< 0.0001]. It was significantly higher in euploid than in mosaic and aneuploid
(EvsM p¼ 0.0007, EvsA p <0.0001, MvsA p¼ 0.0077). A significant delay in
t2,t3,t4 and tb was showed in aneuploid embryos compared to euploid and
mosaic, whereas there was no significant difference between euploid and mo-
saic: [t2: E¼ 25.80 (24.56-28.09), M¼ 25.99 (24.49-28.91), A¼ 27.02
(25.30-29.47), EvsA p <0.0001, AvsM p¼ 0.03, EvsM p¼ 0.32]; [t3:
E¼ 37.08 (34.74-39.34), M¼ 36.69 (34.55-40.02), E¼ 38.45 (35.93-41.14),
EvsA p¼ 0.0003, MvsA p¼ 0.002, EvsM p >0.99]; [t4: E¼ 38.28 (35.63-
41.19), M¼ 38.49 (35.47-42.13), A 39.72 (37.25-43.31), EvsA p¼ 0.0001,
MvsA p¼ 0.02, EvsM p¼ 0.65]; [tb: E¼ 107.70 (102.20-114.30), M¼ 110.10
(103.60-116.80), A¼ 113.7 (106.80-122.70), EvsA p <0.0001, MvsA p
<0.0001, EvsM p¼ 0.42]. As for t5, there were no differences among the
groups. Longer cell cycles in aneuploid embryos could be associated with acti-
vated DNA repair mechanism or during chromosome segregation. Instead,
regarding the mosaics, there was a significant difference with euploid embryos
only in KS5.3. The age was similar between euploid and mosaic [E¼ 36.29
(33.42-39.00) vs M¼ 36.71 (34.00-39.33) p¼ 0.99], whereas that was signifi-
cantly higher in aneuploid embryos [A¼ 39.11(36.01-42.27), EvsA/EvsM p
<0.0001].
Limitations, reasons for caution: All these findings have to be validated in
a larger sample size. Furthermore, for the retrospective nature of this study,
there were some confounding factors, such as protocol of stimulation, female
age, and malefactor. This research did not consider the importance of every
single kinetic parameter.
Wider implications of the findings: A further study is needed to verify if
there is a correlation between morphology and ploidy status. This could clar-
ify the difference in KS-5.3 between euploid and mosaic. In order to decrease
age bias, we should enlarge the sample size to analyze a subgroup of patients
with higher maternal age.
Trial registration number: not applicable
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Study question: Can embryo selection oriented by a morphokinetic algo-
rithm developed for day 2 transfers provide pregnancy rates similar to those
achieved by elective frozen blastocyst transfers?
Summary answer: Transfers on day 2 of embryos selected by a morphoki-
netic algorithm can provide pregnancy rates similar to those achieved with
elective frozen blastocyst transfers.
What is known already: The comparative efficacy of cleavage stage fresh
transfers in relation to blastocyst fresh transfers remains controversial. On
the other hand, elective transfers of frozen blastocysts have been found to
provide satisfactory implantation and delivery rates, which may result from
favourable embryo quality and/or endometrial receptivity associated with
freeze-all cycles. The covid-19 pandemic has imposed changes to the ICSI lab-
oratorial routine, particularly pushing for a reduction in embryo culture time.
In this context, we developed an algorithm based on fertilization and cleavage
morphokinetic parameters, aiming to optimize embryo selection for day 2
transfers.
Study design, size, duration: This study aimed to assess the performance
of a morphokinetic algorithm to select cleavage stage embryos for day 2
transfers, using as a parameter the outcomes from elective frozen blastocyst
transfers. A retrospective analysis of data generated in our clinic during pan-
demia was performed, comparing patient profiles and clinical outcomes of
day 2 transfers following algorithm-oriented embryo selection (n¼ 128), with
those of contemporary elective transfers of frozen blastocysts (n¼ 230) from
freeze-all patients with OHSS risk.
Participants/materials, setting, methods: Patients were in their first ICSI
cycle, 128 of which underwent a day 2 transfer of a single embryo selected
by an algorithm based on fertilization (tPNf) and cleavage (T2 e T4) parame-
ters. The remaining 230 patients had a elective frozen blastocyst selected by
morphology transferred after endometrial preparation. Cycle characteristics
and outcomes were compared using Fisher’s and Wilcoxon sum rank tests. A
multivariate analysis tested the association of treatment and cycle variables
with pregnancy.
Main results and the role of chance: Patients providing embryos trans-
ferred on day 2 after algorithm-oriented selection presented lower maternal
age (35.5 § 4.1 vs. 36.4 § 4.4; p¼ 0.02), higher basal FSH (8.3 § 3.6 vs. 6.9
§ 2.1 IU/L; p< 0.001) lower AMH (2.3 § 2.0 vs. 5.7 § 6.3 ng/mL;
p< 0.0001), different distribution of infertility factors (p< 0.001; male factor:
64.1% vs. 39.6%, tubal: 3.1% vs. 11.3%, unexplained: 15.6% vs. 29.1%, for day
2 and frozen blastocyst transfers, respectively) and lower oocyte yield (6.9 §
4.0 vs. 17.2 § 6.5) as compared to patients providing frozen blastocysts.

Beta-hCG, clinical pregnancy, ongoing pregnancy and miscarriage rates
(assessed until the 12th week of pregnancy) did not differ between algorithm-
oriented day 2 and frozen blastocyst transfers (53.1% vs. 50.9%, 40.6% vs.
45.7%, 33.6% vs. 36.5% and 17.3% vs. 20.0%, respectively).

The multivariate analysis indicated maternal age as the only variable signifi-
cantly and independently associated with ongoing pregnancy achievement
[OR¼ 0.89 (0.84-0.94); p,0.001)].
Limitations, reasons for caution: Our study is subjected to the limitations
of a retrospective analysis and the data may be affected by variables not con-
trolled for that are heterogeneous between groups such as different endome-
trial conditions and the use embryo cryopreservation.
Wider implications of the findings: Our findings indicate that morphoki-
netic algorithms can be successfully applied to improve outcomes of day 2
transfers to a level similar of that achieved with elective frozen blastocyst
transfers. Our data represent a valuable parameter for the improvement or
adaptation of ICSI practice in the face of logistic constraints.
Trial registration number: not applicable
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Study question: Is the incidence of tripronuclear zygotes (3PN) in IVF cycles
influenced by clinical, patient and treatment parameters?
Summary answer: Tripronuclear zygotes incidence in IVF cycles was influ-
enced by Antral Follicle Count, number of oocytes retrieved, sperm progres-
sive motility, and the use of fresh semen.
What is known already: Tripronuclear zygotes are indicative of abnormal
fertilisation and are not routinely considered suitable for transfer. It is there-
fore important to optimise their detection and minimise their occurrence.
Tripronuclear zygotes can originate as a result of the combination of one ma-
ternal and two paternal sets of chromosomes (fertilisation of a haploid oocyte
by two haploid spermatozoa or by one diploid spermatozoon) or the combi-
nation of one paternal and two maternal sets of chromosomes (fertilisation of
a diploid oocyte by one haploid spermatozoon) (1).
Study design, size, duration: This is a retrospective study of 550 IVF cycles
performed between April 2018- April 2021, in a single UK clinic. IVF cycles ei-
ther within (group 1) or exceeding (group 2) the key performance indicator
(KPI) for the incidence of 3PN (<6%) (2), were assessed for associations with
quantitative cycle variables. Proportion of 3PN per cycle was assessed for
associations with qualitative variables. Cycles using donor oocytes (n¼ 73)
were excluded for analyses assessing patient (maternal) parameters.
Participants/materials, setting, methods: Continuous variables including
age, body mass index, Antral Follicle Count (AFC), anti-Mullerian hormone
(AMH), oocytes recovered, timing from sperm production to insemination or
oocyte recovery to insemination, sperm concentration, progressive motility
and morphology were analysed by Mann-Whitney U Test. Qualitative varia-
bles including patient ethnicity, own/donor oocyte source, fresh/frozen
sperm, stimulation regimen and oocyte recovery needle were analysed by lo-
gistic regression assuming binomial errors. Significance was assumed at
p< 0.05.
Main results and the role of chance: There was no difference between
groups where 3PN incidence exceeded or fell within the KPI when procedure
timings and clinical parameters were assessed. There was also no relationship
between patient characteristics (age, body mass index, AMH levels, ethnicity,
oocyte source (own/donor)), semen concentration or semen morphology
and the proportion of 3PN per cycle. However, number of oocytes retrieved
in group 2 was significantly higher than group 1 (group 1, n cycles ¼ 307, me-
dian oocytes retrieved ¼ 8; group 2, n cycles ¼ 170, median oocytes re-
trieved ¼ 12 [95% CI -4, -1]) (p< 0.001). Similarly, AFC was significantly
increased in group 2 (group 1, n cycles ¼ 254, median AFC ¼ 11; group 2,
cycles n¼ 150, median AFC ¼ 13 [95% CI -4, -1]) (p¼ 0.009). Likewise, the
mean sperm motility parameters were higher for cycles exceeding the 6%
3PN KPI, with 64.6 § 0.91% vs 68.8 § 1.11% total motility (p¼ 0.004), and
57.1 § 0.97% vs 61.7 § 1.2% progressive motility (p¼ 0.003) for group 1
and 2 respectively. Proportion of 3PN per cycle was also significantly higher
with fresh semen compared to frozen (6.6 § 0.39% vs 4.7 § 0.51%)
(p¼ 0.006).
Limitations, reasons for caution: This is a retrospective study of a single
UK clinic. Further analysis, expanding sample size, are required to confirm
these findings.
Wider implications of the findings: Our finding that number of oocytes
recovered influences 3PN incidence is in agreement with previous studies (3,
4). Fresh and high progressively motile sperm may be more capable of zona
pellucida penetration leading to polyspermy and 3PN. Adjustment of sperm
concentration at insemination could be considered in higher risk
circumstances.
Trial registration number: na
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