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Title:
Elucidation of blastocyst collapse and its consequences: a comprehensive artificial intelligence-powered analysis of 1943 embryos from 643 couples.
Study question:
What are the causes and consequences of blastocyst collapse?
Summary answer:
~50% of blastocysts collapsed, especially if they are aneuploid and/or morphologically
poor. Yet, no impact on the live-birth-rate (LBR) per vitrified-warmed euploid single-embryo-transfer (SET) was reported.
What is known already:
Time-lapse-microscopy (TLM) is a powerful tool to describe the peculiar dynamics of
preimplantation development. Lately, artificial intelligence (AI) has been also implemented to automatize and standardize such description. Here, we adopted AI to comprehensively portray blastocyst collapse, namely the phenomenon of embryo contraction with
an efflux of blastocoel fluid and the detachment of the trophectoderm (TE) from the
Zona Pellucida (ZP). Although, the causes of this event are still undetermined, small blastocyst contractions have been reported beneficial for the hatching process, while a full
collapse has been associated with lower competence.
Study design, size, and duration:
Observational study including 1943 blastocysts from 643 couples cultured in the Embryoscope between January-2013 and December-2020. TE biopsy without day3 ZP drilling
and comprehensive-chromosome-testing were performed. The Fairtility® software automatically registered: (i)time of starting-blastulation (tSB), (ii)starting and ending time of
each collapse (tSC and tEC), (iii)blastocysts’ areas, (iv)shrinkage-% [(area at SC – area
at EC)/area at SC)], (v)embryo:ZP ratio at EC (area of the collapsed embryo/area of the
ZP), and (vi)time of biopsy (t-biopsy).
Participants/materials, setting, methods:
Blastocyst quality was defined according to Istanbul Consensus (11, excellent; 12-21,
good; 22-13-31, average; 33-23-32, poor) and with the Fairtility implantation score (IS) as
well, i.e., a continuous variable from 0 to 1 generated by the KID+ software based on the
TLM videos of preimplantation development. The main outcome was the LBR per euploid
SET adjusted for confounders through logistic regressions. All couple and embryo features
were also investigated for their association with blastocyst collapse.

Main results and the role of chance:
47.3% of the blastocysts collapsed 1- to 9-times (interval between collapses: 4-8hr), and
73% of the couples had ≥1 collapsed blastocyst (1.8±1.1, range:1-8). No couple feature,
though, was associated with blastocyst collapse. The longest collapses lasted 1.5±1.1
(0.13-5.1)hr, while the largest shrinkage% and embryo:ZP ratio at EC were 35±14% (10-78%)
and 81±9% (33-90%), respectively. In ~50-60% of collapses a 20-40% blastocyst volume
reduction was registered, 40-60% or 20-40% in ~15-30%, 60-80% in 0-4%. In case of multiple
collapses, the first three involved smaller shrinkages. Blastocysts undergoing ≥1 collapse
showed similar tSB as not-collapsing blastocysts, but progressively longer tEB and t-biopsy. The earlier the first event, the more the consecutive collapses. Notably, the poorer
the morphology, the higher the risk (excellent, good, average, and poor not-collapsing
blastocysts were 64%,50%,44% and 37%), number (e.g.,≥4 collapses were 0.4%,2%,4% and
8%) and duration (1.2±1.0,1.4±1.0,1.6±1.1 and 1.9±1.3hr) of blastocyst collapse. Collapsing blastocysts were significantly less euploid than non-collapsing (35% vs 47%; multivariate-OR:0.75,95%CI 0.6-0.92,p<0.01); conversely, their LBR per euploid SET (39% vs 46%)
and miscarriage rate per clinical pregnancy (17% vs 11%), were not significantly different
(adjusted-OR:1.0,95%CI 0.69-1.48,p=0.96 and adjusted-OR:1.65,95%CI 0.79-3.42,p=0.18,
respectively). All data were confirmed also by defining blastocyst quality through the
Fairtility IS.
Limitations, reasons for caution:
Gestational and perinatal outcomes were not assessed. Other culture strategies and media shall be assessed for their association with blastocyst collapse. Perhaps, future studies
from other groups and with a larger sample size might unveil a significant impact on the
clinical outcomes.
Wider implications of the findings:
Collapse is common and delays blastocyst full-expansion. Moreover, poor morphology
and aneuploidies involve a higher risk of collapse(s); however, no impact was reported
on the clinical outcomes after euploid SET. AI appears to increase the throughput of the
analysis, but additional data are required to research the causes of collapse.
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Title: Uncovering the value of day 7 blastocysts using artificial intelligence on time lapse
videos.
Study question:
Which is the clinical value of day 7 blastocysts?
Summary answer:
Ending embryo culture at 144 hours-post-insemination (hpi) would involve 7.3%- and
4.4%-relative reductions in the patients obtaining euploid blastocysts and live birth(s)
(LBs), respectively.
What is known already:
Many studies showed that day 7 blastocysts are clinically valuable although less euploid
and less competent than faster growing embryos. Nevertheless, a large variability exists
in: (i) the definition of “day 7”; (ii) the criteria to culture embryos to day 7; (iii) the clinical
setting; (iv) the local regulation; and/or (v) the culture strategies and incubators. Here,
we aimed at ironing out these differences and portray day 7 blastocysts with the lowest
possible risk of bias. To this end, we have also adopted an artificial intelligence (AI)-powered software to automatize developmental timings annotations and standardize embryo
morphological assessment.
Study design, size and duration:
Observational study including 1966 blastocysts obtained from 681 patients cultured in a
time lapse incubator between January 2013 and December 2020 at a private Italian IVF
center.
Participants/materials, setting, methods:
Trophectoderm biopsy without hatching and comprehensive-chromosome-testing were
performed. Blastocysts were clustered in six groups based on the time-of-biopsy every
12hr from <120hpi (control) to >168hpi. Blastocyst quality, time-of-expanding-blastocyst
(tEB) and duration of expansion were annotated through AI and confirmed manually.
The main outcomes were euploidy-rate and LB-rate (LBR) per transfer. Lastly, patients
obtaining (euploid) blastocysts, LBs, and supernumerary blastocysts, were reported based on a hypothetical 144hpi cut-off, and all relative reductions calculated.
Main results and the role of chance:
14.6% of the blastocysts reached full expansion beyond 144hpi (5.9% between 144-156hpi,
7.9% between 156-168hpi, and 0.8% >168hpi). Slower blastocysts were of a worse quality based on the evaluation of both embryologists and AI. Both longer tEB and a longer
duration of expansion concurred to day7 development, quite independently of embryo
quality. The lower euploidy rate among day7 blastocysts is due to their worse morpholo-

gy and more advanced oocyte age, rather than to a slower development per se. Conversely, the lower LBR was significant even after adjusting for confounders, with a first relevant decrease for blastocysts biopsied in the range 132-144hpi (N=76/208, 36.5% versus
N=114/215, 53.0% in the control, multivariate-OR: 0.61, 95%CI 0.40-0.92, adjusted-p=0.02),
and a second step for blastocysts biopsied in the range 156-168hpi (N=3/21, 14.3%, multivariate-OR: 0.24, 95%CI 0.07-0.88, adjusted-p=0.03). Nevertheless, when the cut-off was
set at 144hpi, no significant difference was reported. In this patient population, ending
embryo culture at 144hpi would have caused 10.6%-, 7.3%-, 4.4%-, 13.7%-, and 5.2%-relative reductions in the number of patients obtaining blastocysts, euploid blastocysts, LBs,
supernumerary blastocysts without a LB and after a LB, respectively.
Limitations, reasons for caution:
Gestational and perinatal outcomes were not assessed, and a cost-effectiveness analysis was not performed. We encourage the production of these data in other clinical settings and regulatory contexts.
Wider implications of the findings:
Day7 culture shall be supported following a careful case-by-case evaluation. Patients
shall be aware of their lower competence, yet day7 blastocysts are valuable for poor-prognosis couples, couples less compliant towards other attempts in case of failures,
and couples wishing for second children. AI may improve the generalizability of these
evidence.
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Title: Association between iDAScore v1.0, senior embryologists’ grading and euploidy in
546 blastocysts obtained during 189 PGT-A cycles.
Study question:
Is (intelligent data analysis) iDAScore v1.0 associated with euploidy at the blastocyst stage?
Summary answer:
iDAScore v1.0 significantly correlated with euploidy (maternal age-adjusted OR:1.3 and
AUC:0.72). Euploid blastocysts were ranked highest in ca.70% of the cohorts with both
diagnoses.
What is known already:
With machine learning and artificial intelligence (AI) implementation in IVF, several studies have been published mostly aimed at providing standardized and reproducible tools for gamete/embryo assessment and selection. Several of the proposed models might
not be generally applicable due to their development on only a single center, small
sample size and poor representation of the numerous clinical scenarios. Furthermore, the
evidence has been rarely confirmed prospectively and/or in multicenter studies. Lately,
the EmbryoScope+ has incorporated the iDAScore v1.0. This algorithm scores the chance of embryo implantation based on the video of blastocyst development and with no
need for timing annotations.
Study design, size and duration:
Interim analysis of a prospective study. Between April-December 2021, 189 preimplantation-genetic-testing (PGT) cycles (maternal age:38.4±4yr) with ≥1 blastocyst (N=546 blastocysts, mean±SD:2.9±1.8, range:1-13) were included. We aimed at blindly analyzing the
correlation between iDAScore v1.0 and (i) blastocyst quality estimated by senior embryologists, (ii) day of blastocyst full-expansion, (iii) chromosomal constitution diagnosed by
NGS on a trophectoderm biopsy, (iv) the blastocyst to prioritize for transfer within cohorts
with ≥2 blastocysts.
Participants/materials, setting, methods:
Undisturbed culture was conducted in the EmbryoScope+. Assisted hatching was not performed and only fully-expanded blastocysts were biopsied. Morphology was assessed by
2 senior embryologists based on Gardner criteria. Average iDAScores were reported for
the following groups: (i)excellent (AA)/good (AB,BA)/average (BB,AC,CA)/poor-quality
(CC,BC,CB) blastocysts, (ii)day5/6/7 blastocysts, (iii)euploid/aneuploid/complex aneuploid blastocysts. Lastly, we reported how often the highest iDAScore corresponded to
the highest ranked morphology (N=143 cycles with ≥2 blastocysts) and/or euploid blastocysts (N=79 cycles with both diagnoses).
Main results and the role of chance:
In the study period, 546 blastocysts (iDAScore: 6.9±2.0, 2-9.7) were biopsied. The iDAScore was significantly different (Kruskal-Wallis<0.01) across blastocysts graded excellent
(N=256,46.9%; 8.1±1.3, 2.5-9.7), good (N=97,17.7%; 6.9±1.6, 2.3-9.5), average (N=75,13.9%;
5.8±1.4, 2.9-8.7) and poor (N=118,21.5%; 4.8±1.6, 2-8.8). A significant difference (Kru-

skal-Wallis<0.01) was also found for the day of full-expansion (day5: N=184,33.9%, 8.8±0.8,
4.3-9.7; day6: N=324,59.1%, 6.0±1.6, 2.2-9.1; day7: N=38,6.9%, 4.6±1.6, 2-7.8). Euploid blastocysts (N=178,32.6%) had a significantly higher (Kruskal-Wallis<0.01) iDAScore (7.5±1.7,
2.4-9.6) than both simple (N=209,38.3%, 6.7±2.1, 2.1-9.7) and complex aneuploid blastocysts (N=159,29.1%, 6.3±2.0, 2-9.4). The logistic regression adjusted for maternal age
highlighted a multivariate-OR 1.3, 95%CI 1.18-1.45, adjusted-p<0.01 for the association
between iDAScore v1.0 and euploidy. The Receiver-Operating-Characteristic (ROC) curves outlined similar performance in predicting euploidy among the models encompassing iDAScore v1.0 adjusted for maternal age (AUC: 0.72, 95%CI 0.67-0.76, p<0.01) or
blastocyst quality (defined by senior embryologists) plus day of biopsy also adjusted for
maternal age (AUC: 0.73, 95%CI 0.69-0.78, p<0.01). iDAScore v1.0 and embryologists ranked the same blastocyst highest in 123 of 143 cycles with ≥2 blastocysts (86%). The highest
ranked blastocyst according to iDAScore was a euploid blastocyst in 54 of the 79 cycles
(68%) containing both euploid and aneuploid blastocysts.
Limitations, reasons for caution:
The main purpose of iDAScore v1.0, for which the algorithm was trained, is implantation
prediction of untested blastocysts. Thus, once the sample size of this blinded prospective
study will be large enough, we will also examine the association between iDAScore v1.0
and the implantation of euploid blastocysts.
Wider implications of the findings:
The similar predictivity on euploidy reported between subjective senior embryologists’
grading and objective AI-powered iDAscores is promising in view of IVF automation and
standardization. This is especially relevant since iDAScore v1.0 has not been trained yet
to specifically predict euploidy, and its future versions could be fine-tuned accordingly.
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Title: Different gonadotrophins adopted for controlled ovarian stimulation do not affect
metaphase-II oocyte competence. A matched case-control study on 351 patients and
2258 oocytes.
Study question:
Do different gonadotrophins for controlled-ovarian-stimulation (COS) affect metaphase-II (MII) oocyte competence?
Summary answer:
Euploid blastocyst rate (EBR) per cohort of MII-oocytes, live-birth-rate (LBR) per first vitrified-warmed euploid single-embryo-transfer (SET) and cumulative-LBR are independent
from the gonadotrophins used.
What is known already:
Controlled-ovarian-stimulation (COS) is a cornerstone of IVF. Its purpose is maximizing
ovarian reserve exploitation and obtaining ≥1 euploid blastocyst to transfer. Indeed, ovarian reserve decreases and blastocyst aneuploidy rates increase with increasing maternal age, making this task quite complicated in advanced maternal age. Old-fashioned
studies suggested an association between COS and embryonic aneuploidy rates. Conversely, recent studies excluded an impact of COS dosage, duration, ovarian response, and ovulation trigger, on blastocyst aneuploidy rate. An aspect, though, that needs
more clarity is whether different gonadotropins impact oocyte competence after COS,
comprehensively defined as EBR per cohort of MII-oocytes.
Study design, size and duration:
Out of 3169 PGT cycles with ≥1 MII oocyte conducted between 2014-2018, we excluded (i)PGT-M/-SR, (ii)women<35yr, (iii)severe-male-factor, (iv)DuoStim or long-active FSH,
(v)culture with sequential-media, and (v)multiple cycles. Among the 784 cycles left, a
propensity-score-matching (PSM) based on the number of inseminated MII-oocytes was
adopted to match patients using recFSH [without (N=57; 337 MII-oocytes)/with recLH
(N=55; 374 MII-oocytes)] and Human-Menopausal-Gonadotrophin (HMG; N=127; 835 MII-oocytes). The patients using recFSH+HMG were all included (N=112; 712 MII-oocytes).
Participants/materials, setting, methods (75): Only GnRH-antagonist COS, ICSI with fresh MII-oocytes, single culture in continuous-media, trophectoderm biopsy without assisted-hatching, comprehensive-chromosome-testing to assess full-chromosome non-mosaic
aneuploidies and vitrified-warmed euploid SET were conducted. Oocyte competence
was comprehensively defined as EBR per cohort of MII-oocytes with all intermediate
outcomes (fertilization, blastulation and euploidy). LBR per first vitrified-warmed euploid
SET and cumulative-LBR per retrieval were also assessed. Generalized-linear-models and
multivariate regressions were adopted to adjust the results for confounders. All cycles
were concluded.
Main results and the role of chance (200): Patients using recFSH+recLH and recFSH+HMG

(40.7 yr) were older than patients using recFSH-only or HMG-only (40yr; ANOVA<0.01). No
other difference was reported in the 4 patient populations. The overall gonadotrophins
dosage (2615±977, 3601±1889, 3818±946 and 2892±911 IU in the recFSH-only, recFSH+recLH, recFSH+HMG and HMG-only groups, respectively) and duration of COS (9.7±1.9,
9.4±1.5, 9.9±1.8 and 10.2±1.8 days) were different (Kruskal-Wallis tests≤0.02). The number
of cumulus-oocyte-complexes (9.2±6.5) and MII-oocytes collected (6.4±4.4) were instead
well-matched across the groups. The EBR per cohort of inseminated MII-oocytes was different in the four groups (20.7±27.1%, 9.6±12.9%, 12.4±18.5% and 16.9±21.8%, respectively),
but, when adjusted for maternal age in a generalized-linear-model, the gonadotrophin
used for COS did not show any significant association with this outcome (partial-η2=0.02,
p=0.1, power=0.6). All intermediate embryological outcomes were also similar. The LBR
per first vitrified-warmed euploid SET was comparable in the four groups [N=14/33 (42%),
N=9/22 (41%), N=26/62 (45%), N=24/55 (44%), respectively], as confirmed by the logistic
regression adjusted for blastocyst quality (multivariate-OR: 0.97, 95%CI 0.73-1.31, adjusted-p=0.9). Lastly, the cumulative-LBRs per retrieval were equivalent [N=17/57 (30%),
N=14/55 (26%), N=34/127 (27%), and N=33/112 (30%), respectively], as confirmed by the
logistic regression adjusted for maternal age (multivariate-OR: 1.01, 95%CI 0.8-1.3, adjusted-p=0.9).
Limitations, reasons for caution:
The gonadotrophins were chosen based on patient compliance to their administration
route and gynecologist judgement, and only qualitative outcomes were assessed. Therefore, randomized-controlled-trials and cost-effectiveness analysis investigating the efficiency in oocyte recruitment and cumulative-LBR per intention-to-treat are needed.
Wider implications of the findings:
Different gonadotrophins might not affect MII-oocyte competence. This information is
key since, in view of the optimization of follicle recruitment through personalized-COS, it
allows more flexibility in the choice of the most suitable protocol. Therefore, gynecologists
might ponder also features like patient reproductive history and compliance to different
administration routes.
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Title:
Elevated BMI in oocyte donors or recipients is associated with a higher risk of miscarriage
after blastocyst transfer: a multicenter analysis of 1544 procedures.
Study question:
Is an elevated BMI in either oocyte donors or recipients associated with a higher risk of
miscarriage after blastocyst transfer?
Summary answer:
Overweight in oocyte donors and/or obesity in recipients are associated with a 2X-higher
risk of miscarriage in egg donation cycles.
What is known already:
Several basic-science, clinical and epidemiological studies revealed an association
between BMI and infertility, suggesting a J-shaped relationship: both underweight and
especially overweight/obese women can suffer from reproductive impairments. In particular, overweight-obese women are more prone to suffer from a miscarriage even when
euploid blastocysts are transferred. Yet, it is still unclear whether this is the consequence
of an altered oocyte (and then embryonic) competence and/or an impaired endometrial receptivity. In this context, oocyte donation cycles represent the ideal clinical setting
to shed some light on an issue with numerous social, clinical, and logistic implications.
Study design, size, duration:
Retrospective study including 1544 blastocyst single embryo transfers (SETs) conducted in
oocyte donation cycles (Jan2019-May2021). All oocytes were vitrified at 2 egg banks in
Spain and warmed at 8 clinics part of the same network. The primary outcome was the
miscarriage rate (<22nd gestational weeks) per clinical pregnancy according to donors’
and/or recipients’ BMI. Four BMI clusters were defined (underweight: <18.5; normal-weight: 18.5-24.9; over-weight: 25-30; obese: >30).
Participants/Materials, Setting, Methods:
66.1%,4.9%,20.3% and 8.7% of SETs were conducted in normo-weight, underweight,
overweight, and obese recipients. 81.4%,4.5% and 14.1% of SETs with oocytes derived
from normo-weight, underweight, and overweight donors. The putative confounders investigated were egg bank, IVF center, fresh/vitrified-warmed SET, blastocyst quality/day,
recipient/donor age, endometrial preparation protocol, number of consecutive SET. Before SET, we requested blood test for infections and TORCH, thyroid function, coagulation
and immunological assessment, and cardiological, gynecologic and breast evaluation.
Main results and Role of chance:
Overweight-obese recipients were slightly older (43.0±4.0yr) than normo-weight ones
(42.2±3.8yr; p<0.01). Similarly, overweight donors were slightly older (27.5±4.5yr) than normo-weight ones (26.4±4.3yr; p<0.01). Therefore, all outcomes were adjusted for recipients’/donors’ age. The overall positive pregnancy rate per blastocyst SET and biochemical

pregnancy loss rate were 51.8% and 12.6%. No association was reported between either
recipients’ or donors’ BMI and both these secondary outcomes. Conversely, higher recipients’ and donors’ BMI were significantly associated with a higher risk of miscarriage
after blastocyst SET (multivariate-OR 1.05, 95%CI 1.01-1.1, adjusted-p=0.05; multivariate-OR
1.1, 95%CI 1.04-1.2, adjusted-p<0.01). The most significant differences were reported for
obese versus normo-weight recipients (N=18/64,28.1% versus N=73/448,16.3%; p=0.03,
power=60%; multivariate-OR 1.8, 95%CI 1.01-3.4, adjusted-p=0.05) and for overweight
versus normo-weight donors (N=31/111,27.9% versus N=94/561,16.8%; p<0.01, power=73%;
multivariate-OR 1.9, 95%CI 1.16-3.0, adjusted-p=0.01). In the 14 clinical pregnancies where the oocytes derived from overweight donors and the blastocysts were transferred to
obese women the miscarriage rate was 50%; the same outcome in normal-weight recipients using oocytes from normal-weight donors was 15% (N=55/366; p<0.01, power=85%;
OR 5.6, 95%CI 1.8-16.8, p<0.01). The data were similar across both egg banks and all IVF
centers. All other parameters assessed were not associated with the primary outcome
under investigation.
Limitation, Reasons for caution:
The study is retrospective, and the sample size in each sub-group shall be increased. Moreover, BMI is a gross marker of an individual’s metabolic status. Future studies on more
accurate markers like percentage and localization of adipose tissue assessed through
techniques like bioelectrical impedance analyses are desirable.
Wider implications of the Findings:
Both oocyte competence and endometrial receptivity might be impaired from unbalanced nutritional intakes. More studies on this topic are certainly required. Whenever possible, nutritional/lifestyle adjustments should be encouraged in obese patients because of
their higher risk of miscarriage, and a BMI limit should be considered also when recruiting
egg donors.
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Title: Assessment of the putative impact of culture strategies, oocyte/embryo manipulations, and operators: a retrospective analysis of 3705 blastocyst culture cycles and 2604
single blastocyst transfers.
Study question: Do the culture strategies, oocyte/embryo manipulations, and operators
impact blastulation-rates per cohort of metaphase-II oocytes (BR per MII-oocytes) and/
or live-birth-rates per single-embryo-transfer (LBR per SET)?
Summary answer (25): Undisturbed culture improved the BR per MII-oocytes, while culture
drop volumes ≥80µl in the well-of-the-well system were associated with increased LBR per
untested/euploid blastocyst SET.
What is known already:
IVF lab performance is critical to achieve success in IVF. Yet, while a consensus exists on
the main key-performance-indicators (KPIs), namely BR and LBR, and their inherent benchmark values, the strategies to fulfil them are still poorly standardized. The plasticity of
human embryos along with the disparities in the patient populations might mask even
largely different outcomes across clinics. Therefore, clear guidelines shall outline which
procedures to standardize and carefully monitor in IVF laboratories. Here we investigated
different embryo culture strategies, manipulations, and operators for their effect on BR
and LBR per SET, adjusting the results for all main confounders.
Study design, size, and duration:
Retrospective analysis of 3705 cycles with ≥1 MII-oocyte and 2604 SETs (January2019-March2021). BR per MII-oocytes and LBR per SET were the main outcomes. Embryo-twinning
was also assessed. The putative impact of culture strategies, manipulations, and operators’ expertise (0-5yr,6-11yr or ≥12yr) was determined via regression analyses adjusted for
possible confounders (autologous/donated oocytes, age, primary/secondary infertility
and duration, sperm factor; for SET: also endometrial preparation, age at transfer, number of consecutive transfer, untested/euploid blastocyst, quality, and day).
Participants/materials, setting, methods: In donation cycles, only vitrified oocytes were
used. In Preimplantation-Genetic-Testing (PGT) cycles, no assisted-hatching was performed and only euploid non-mosaic vitrified-warmed blastocysts were transferred. The culture strategies assessed were undisturbed (Embryoscope, Geri and Embryoscope-plus)/
disturbed (KSystems), volume and approach (drops ≤30µl with single-culture or ≥80µl with
well-of-the-well approaches), humidified/non-humidified atmosphere and media refreshed/not-refreshed. The manipulations assessed were oocyte/blastocyst vitrification
(performed/not-performed), oocyte retrieval and denudation performed with oil overlay (yes/not), laser-assisted artificial-shrinkage (performed/not-performed), trophectoderm biopsy (performed/not-performed).
Main results and the role of chance:
The only confounders on BR per MII-oocytes (overall:39.1±26.6%) were sperm factor and
oocyte age. The linear regressions showed benefits for humidified atmosphere (unstandardized B-coefficient:+2.9%, p=0.01), manipulations with oil overlay (+3.9%, p=0.03) and
drops ≥80µl with a well-of-the-well approach (+4.3%, p<0.01). However, only the positive effect of undisturbed incubators was significant when adjusting for confounders

[41.7±27.8% (N=1440 cycles) versus 37.5±25.7% in a disturbed incubator (N=2265 cycles);
unstandardized B-coefficient:+5.6%, 95%CI +3.9% to +7.3%, standardized beta-coefficient:-0.103,p<0.01].
The main confounders on LBR per SET (overall: N=1044/2604, 40.1%) were oocyte age,
number of consecutive transfer, blastocyst chromosomal status (untested/euploid), quality and day. The univariate logistic regressions showed a benefit for undisturbed incubators (OR:1.3, 95%CI 1.1-1.5, p<0.01), humidified atmosphere (OR:1.4, 95%CI 1.1-1.7, p<0.01)
and media refresh (OR:1.3, 95% 1.01-1.8, p=0.05). However, only the use of drops ≥80µl
with a well-of-the-well approach rather than drops ≤30µl with a single-culture approach involved an improvement when adjusting for confounders (untested SETs: N=71/171,
41.5% versus N=434/1284, 33.8%; euploid SETs: N=170/316, 53.8% versus N=369/833, 44.3%;
multivariate-OR:1.33, 95%CI 1.12-1.58, adjusted p-value<0.01). This result was confirmed in
a sub-analysis across only first patients’ SETs.
Lastly, no feature under investigation was associated with embryo-twinning (overall:
N=23/1243, 1.9% and N=14/1044, 1.3% per pregnancy and delivery, respectively).
Limitations, reasons for caution: Retrospective single center study. Only ICSI cycles and
continuous culture media were assessed. Cleavage stage SETs were excluded. All operators had at least 3yr of experience. Perinatal and gestational outcomes were not evaluated.
Wider implications of the findings:
Real-life data adjusted for confounders may unveil fluctuations in critical KPIs mainly imputable to culture strategies. An impact seldom derives from oocyte/embryo manipulations if experienced operators adopt validated protocols. An accurate interpretation of
these evidence shall lead to properly designed studies with problem-solving/progress-building purposes, and guidelines to standardize culture practices.
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Title: Embryo culture under high humidity conditions in time lapse system does not improve ongoing pregnancy rates: a retrospective propensity score model study 299 ICSI
cycles.
Study question:
Does culture in high relative humidity conditions (HC) improve ongoing pregnancy rates
when using a time-lapse system (TLS) for embryo culture?
Summary answer:
Using The use of a TLS under HC does not increase the likelihood a pregnancy in comparison with cultured in dry condition (DC).
What is known already:
Factors potentially affecting embryo development demand precise control in the IVF laboratory environment, especially for correct incubator usage. TLS provide stability during
embryo culture, which is a well-known key factor for undisturbed embryo development.
The humidity content of embryo culture atmosphere is especially relevant to prevention
of oscillations in culture media osmolality. Previous data suggest that culture under HC
has a significant effect on embryo quality and morphokinetics. However, studies assessing the effect of HC on clinical outcome are rare and inconclusive.
Study design, size, duration:
A retrospective study of 299 women undergoing their first ICSI cycle from April 2021 to December 2021, of whom patients assigned to dry or humid conditions were 184 and 115,
respectively.
Participants/materials, setting, methods:
We used a GERI incubator, with 6 separated chambers for individual patients (3 HC, 3
DC). The effect of HC on ongoing pregnancy. We used a GERI incubator, with 6 separated chambers for individual patients (3 HC, 3 DC). The effect of HC on ongoing pregnancy rate was assessed by the propensity matched sample, to reduce potential differences
between women undergoing either HC or DC and to obtain unbiased estimation of treatment effect. Variables included in the propensity score model were female age, AMH,
FSH, BMI, partner’s age, sperm quality and number of embryos transferred.
Main results and the role of chance:
Patient demographics were homogeneously distributed in the two study groups. After
adjusting for several confounding variables and applying the Propensity Score, no statistically differences were observed for embryo quality on day 3 [51,64 ± 34,33 (DC) Vs 53,83
± 30,71 (HC)], blastulation rate [45,5% ± 22,60 (DC) Vs 45,9 ± 22,80 (HC)] and ongoing
pregnancy rate. A trend was observed of increased ORs for ongoing pregnancy in HC
conditions [OR=1.56, 95% CI (0,77-3,15), p=0.21].
Limitations, reasons for caution: The study is limited by its retrospective design, although a
propensity score model may mitigate such a limitation. The lack of data on live birth rate
is an additional limitation.
Wider implications of the findings:
These results suggest that HC conditions does not increases the likelihood of embryos to
achieve an ongoing pregnancy with respect to those cultured in dry conditions. Further
data collection and analysis are ongoing to investigate more thoroughly and extended
clinical outcome results.

Authors: Elisabetta Trabucco1, Alberto Vaiarelli2, Danilo Cimadomo2, Federica Innocenti2, Simona Alfano1, Antonietta Della Ragione1, Francesca Malagisi1, Francesca Benini3,
Claudia Livi3, Silvia Colamaria1, Cindy Argento1, Giulietta Bruno1, Alessandro Conforti4,
Laura Rienzi2, Filippo Maria Ubaldi2
1Clinica Ruesch, GeneraLife IVF, Naples, Italy
2Clinica Valle Giulia, GeneraLife IVF, Rome, Italy
3Demetra, GeneraLife IVF, Florence, Italy
4Department of Neuroscience, Reproductive Science and Odontostomatology, University of Naples Federico II, Naples, Italy
Title: Can preimplantation genetic testing for monogenic conditions represent an indication for DuoStim? A multicenter case series.
Study question:
Is double stimulation in the same ovarian cycle (DuoStim) a valuable strategy to improve
the chance of success in couples carrier of monogenic conditions?
Summary answer:
DuoStim is advantageous in patients indicated for preimplantation genetic testing for
monogenic diseases and aneuploidy testing (PGT-M/-A) and obtaining ≤5 blastocysts
after the I-stimulation.
What is known already:
PGT-M is a well-established strategy to identify unaffected blastocysts in a cohort of embryos produced from couples carrier of single gene disorders. When PGT-M is conducted
in poor prognosis and/or advanced maternal age (POR/AMA) patients, also aneuploidy-testing among unaffected blastocysts is suggested on a single biopsy. The Poseidon
group stated that retrieving an adequate number of oocytes to produce ≥1 euploid blastocyst should be considered the main goal of controlled-ovarian-stimulation (COS). This
task is even more complex when PGT-M is required in POR/AMA patients. Therefore, lately
we started suggesting DuoStim to these couples to maximize their chance of success.
Study design, size and duration:
Multicenter case series (2016-2021). Comprehensive description of IVF outcomes derived
from DuoStim application in POR/AMA patients undergoing PGT-M. Aneuploidy-testing
was also conducted on unaffected blastocysts. All results were compared between the
two stimulations in the same ovarian cycle, and we reported the contribution of II-stimulations to higher chances of success.
Participants/materials, setting, methods: GnRH-antagonist COS was performed with recombinant-gonadotrophins and agonist-trigger. Based on the expected risk each embryo would be affected-aneuploid, DuoStim was suggested to all patients obtaining ≤5
blastocysts (day5-7 from I-retrieval). 61 patients accepted and underwent II-stimulations
with the same protocol. Only ICSI, trophectoderm-biopsy, qPCR, and vitrified-warmed
unaffected-euploid single-blastocyst-transfer(s) were conducted.
Main results and the role of chance: 90 patients (36.7±3.7yr) indicated to PGT-M/-A and
obtaining ≤5 blastocysts after I-stimulations were suggested starting a II-stimulation in the
same ovarian cycle. Among them, 61 accepted (67%). 7.2±4.4 and 7.4±4.2 cumulus-oocyte-complexes were retrieved after I- and II-stimulations, respectively (p=0.7). 5.1±3.0
and 5.8±3.4 were metaphase-II oocytes (p=0.2), resulting in 75±21% and 77±25% maturation-rates (p=0.6). 3.6±2.1 and 4.6±2.9 2PN-zygotes were obtained (p=0.04), resulting in
75±27% and 81±20% fertilization-rates (p=0.19). 1.6±1.3 and 2.2±1.8 blastocysts were obtained (p=0.04), resulting in 43±32% and 46±32% blastulation-rates (p=0.6). Lastly, 0.5±0.7
and 0.7±1.0 blastocysts were diagnosed unaffected-euploid (p=0.3), resulting in 35±40%
and 30±36% transferable blastocyst rates per biopsied embryo, respectively (p=0.53), and

identical 10±16% transferable blastocyst rates per metaphase-II oocyte in both groups
(p=0.9). 23 (38%) and 24 (39%) patients obtained ≥1 transferable blastocyst after the Iand II-simulation, respectively. Overall, 36 (59%) patients obtained ≥1 transferable blastocyst thanks to DuoStim. To date, 57 (93%) cycles were concluded, and the cumulative
live birth rate (CLBR) was 37% (N=21/57). The patients with a LB have 1.7 surplus transferable blastocysts, and 3 patients already delivered 2 singleton healthy-LBs. The CLBR
among patients undergoing the conventional strategy was 21%, no surplus transferable
blastocyst is available, and no patient delivered >1 LB.
Limitations, reasons for caution:
Observational case series based on real-life data. Of note, the adoption of DuoStim (or
any other oocyte/embryo accumulation strategy) in PGT-M/-A is valuable also to amortize the costs of PGT-M set-up and genetic testing through a larger number of blastocysts.
In this context, cost-effectiveness analyses in different settings are desirable.
Wider implications of the findings:
DuoStim is a fully-personalized strategy advisable any time lower chance of success and
higher treatment costs could be balanced by a larger number of blastocysts produced
in a short time-frame. Adopting GnRH-antagonist protocols in these patients allows to
suggest DuoStim even in progress, based on the embryological outcomes after I-stimulations.
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Title: Fine-tuning IVF laboratory key performance indicators of the Vienna consensus according to female age
Study question
Is the vienna consensus adequate to monitor the outcome of treatments involving women of different age ranges?
Summary answer
Most IVF laboratory KPIs are reliably applicable irrespective of female age, while total
good blastocyst rate should be adjusted according to female age.
What is known already
The IVF laboratory is central to ART treatments and this demands methodical and precise
monitoring of the performance. Vienna consensus identified a set of relevant performance indicators (PIs) and key PIs to be calculate in a reference population” defined by
female age <40 years, exclusion of PGT cases and use of own fresh oocytes and ejaculated sperm to assess the laboratory efficiency. It’s known that women older than 39 years
represent an increasingly large proportion of IVF patients, thus in this subgroup of patients
the relevance of the Vienna indicators to treatments of remains untested.
Study design, size, duration
Reported data concern a retrospective, single-center cohort analysis of 862 ART cycles
carried out between January 2014 and May 2021. Inclusion criteria were indication for
IVF/ICSI, blastocyst culture of all embryos formed in each cohort, use of own ejaculated
spermatozoa (fresh or frozen), and complete cycles, i.e. those whose all embryos were
transferred, cryopreserved or disposed of. Cancelled and PGT cycles were not included.
Participants/materials, setting, methods
The overall population was divided into two groups according to female age: Vienna
consensus(≤ 39 years) and older female age(≥40 years). We measured a selection of the
Vienna performance indicators and KPIs, with a focus on measures relevant to embryo
cleavage and blastocyst formation. Assessment of fertilization, cleavage and blastocyst
rates was carried out. To assess more comprehensively blastocyst quality and quantity,
we estimated the total usable blastocyst rate(TBUR). Finally, blastocyst cryosurvival rate
was assessed.
Main results and the role of chance
No differences were observed in fertilization and embryo cleavage KPIs between the
Vienna consensus and the older female age group (standard IVF fertilization, 67.2 vs.
67.3; ICSI fertilization, 72.3 vs. 75.3; Day 2 development, 57.6% vs 58.7%; Day 3 development, 52.4% vs. 50.7 %, respectively). TBUR was lower in the older female age group
(45.5% vs. 33.4% p<0.001). This outcome decreased steadily with increasing female age.
Clinical outcome significantly decreased with increasing female age (Table I). Implantation rate decreased from 34.3% in the Vienna consensus group to 16.9% in the older

female age group (p<.001). Cumulative CPR showed a similar trend decreasing from
52.4% to 23.9% (p<.001). In the two populations, TBUR was further assessed after normalization of the number of retrieved oocytes. Rates were comparable in cycles with only
few (1- 5 oocytes) collected oocytes (51.9% and 45.5%, p=ns). In cycles with 6-10, 11-15
and>15 collected oocytes TBUR was lower in older patient groups(p <0.01). Univariate
and multivariate logistic regression analysis show that female age emerged as factors independently associated with TBUR. Higher female age were associated with a reduced
probability to achieve a TBUR greater than 40%.
Limitations, reasons for caution
The study design is retrospective and requires further refinement to control for factors that
may impact clinical outcome.
Wider implications of the findings
The study suggests that, while most laboratory outcome measures are reliably applicable
irrespective of female age, KPIs describing extended embryo culture should be fine-tuned in consideration of older female age.
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Title: Endometriosis does not compromise early embryonic development as well as live
birth: a retrospective analysis of 716 standard in vitro fertilization cycles.
Study question:
Does endometriosis compromise early embryonic development and/or clinical outcome
in standard in vitro fertilization (sIVF) cycles? Summary answer:
Endometriosis does not compromise embryo development or clinical outcome in sIVF
cycles characterised by normal semen parameters.
What is known already: IVF is an elective approach to overcome endometriosis-related
infertility. The notion that IVF outcomes are altered in women with endometriosis the is
scarce and conflicting. Different meta-analyses reached diverging conclusions concerning a possible impact of endometriosis on clinical outcome. With reference to laboratory outcomes, a reduced fertilization rate with sIVF was observed in several but not all
studies.
Study design, size, duration: A retrospective analysis of 716 women undergoing their first
sIVF cycles from 2015 to February 2021, 205 with in situ endometrioma (class IV) and 511
with tubal factor infertility.
Participants/materials, setting, methods: Diagnosis of endometriosis was based on ultrasound observation of cysts on at least two occasions at least two menstrual cycles apart.
Women carrying atypical lesions, i.e., cysts with sonographic appearance compatible
but not distinctive for endometriosis, were excluded. Multivariate analysis was conducted
using the generalized estimating equation (GEE) approach, thus making it possible the
analysis of variables with non-normal distribution. The primary study outcome was live
birth rate.
Main results and the role of chance: After adjustment for maternal, paternal age, maternal body mass index (BMI), anti-mullerian hormone (AMH) and follicle stimulating hormone (FSH) we found no significant difference in fertilization rate [78,69 ± 26,16 (Endo) Vs
79,5 ± 24,01 (Tubal)], embryo quality [33,33 (0 – 57,86) endometriosis vs. 33,40 (0 – 67,70)
tubal factor], blastulation rate [52,00 ± 15,01 (endometriosis) vs. 55,49 ± 14,98 (tubal factor)], top quality blastocyst [38,15 ± 18,67 (endometriosis) vs. 34,62 ± 14,77 (tubal factor)],
ongoing pregnancy [OR=0,84, 95% CI (0,54 – 1,32)], live birth [OR=0,89, 95% CI (0,53 –
1,48)], and miscarriage rate [OR=0,68, 95% CI (0,27 – 1,74)]. The only significantly different
outcome was the percentage of embryos with ≥ 8 blastomeres on day 3 [25,00 (0 - 60,00)
endometriosis Vs 40,00 (0 - 67,00) tubal factor].
Limitations, reasons for caution: The retrospective design of the study and lack of data on
cumulative live birth rates are additional limitations.
Wider implications of the findings: The results of our study suggest that in women with endometriosis fertilization rate, embryo quality, blastulation rate and live birth rate are not
affected in sIVF cycles.
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Title: The first morphokinetic map of human abnormal fertilisation
Study question: What are the similarities and differences between the morphokinetics of
abnormal, one- (1PN) and three- pronuclear (3PN) and normal bi-pronuclear (2PN) fertilisation?
Summary answer: The morphokinetic analysis of 1PN/3PN fertilisation reveals novel aspects
of abnormal early development.
What is known already: Assisted reproduction technology has allowed the observation of
early human development. Initially assessed statically at a single time point, fertilization
has revealed its complexity once observed by Time-Lapse Microscopy (TLM). Detailed
morphokinetic analysis of fertilisation has been reported in the last few years, unveiling
previously unknown cytoplasmic phenomena (e.g. the cytoplasmic wave and halo) and
the importance of cell symmetry for embryo development. At present, abnormal fertilization remains neglected, despite potential for understanding the physiology and pathology of early human development.
Study design, size, duration: This retrospective study involved TLM observation of normally
(2PN, n = 2,685) and abnormally (1PN, n = 41; 3PN, n = 127) fertilised oocytes generated in
ICSI cycles. Oocyte retrievals were carried out after the clomiphene citrate-based minimal ovarian stimulation, between October 2019 and December 2020. Oocytes of patients with different diagnoses of infertility were included in the analysis, while cases involving
cryopreserved gametes or surgically retrieved sperm were excluded.
Participants/materials, setting, methods: Microinjected oocytes were assessed by a combined TLM-culture system (Embryoscope). Oocytes not suitable for TLM assessment, due
to excess of residual corona cells or inadequate orientation for correct observation, were
not analysed. Phenomena, relevant to meiotic resumption, pronuclear dynamics, cytoplasmic/cortical modifications, cleavage pattern, and embryo quality, were annotated
and compared between groups.
Main results and the role of chance: Second polar body (PBII) extrusion was observed in
all 1PN- and in a majority of 3PN-zygotes (92.1%). A 0.3- hour delay in PBII extrusion was
confirmed in 3PN-zygotes (P=0.0439). In a significant proportion of 3PN- zygotes, a third
(female) PN formed from reabsorption of the PBII. The cytoplasmic wave was observed
not only in 2PN- and 3PN-, but also in 1PN-zygotes. The presence and position of cytoplasmic halo were comparable among the three classes of zygotes. However, the duration
of the cytoplasmic halo was prolonged in 1PN- zygotes (P<0.0001). PN juxtaposition immediately before PN breakdown was less frequent in 3PN- compared with 2PN-zygotes
(P=0.0159). Furthermore, asynchronous PN breakdown was increased in 3PN- compared
with 2PN-zygotes (P=0.0026). The PN area of 1PN- was larger than that of 2PN-zygotes;
however, the PN area of 3PN- zygotes was smaller than that of 2PN-zygotes. In 1PN-zygotes, a developmental delay was observed starting from the disappearance of the cytoplasmic halo, reaching 9 hours at the time of cleavage (P<0.0001). A higher incidence of
abnormal cleavage (P=0.0019) and blastomere fragmentation (P<0.0001) was observed

in 1PN- zygotes. Cleavage progression was increasingly affected especially in 1PN-zygotes, resulting in blastocyst formation rates of 70.2%, 12.2% and 53.5% in 2PN-, 1PN- and
3PN-zygotes, respectively (P<0.0001).
Limitations, reasons for caution: The study data derive from treatments carried out in a
single centre. The study findings therefore require independent verification from other
research groups.
Wider implications of the findings: These observations suggest that 1PN and 3PN fertilisation follow the general pattern of normal fertilization. Crucially, they also shed light on diverse and previously undescribed phenomena - e.g. reabsorption of the PBII in 3PN zygotes - underpinning the origins of abnormal fertilization and potentially clinically relevant.
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Title: 3D micro-Computed Tomography imaging and reconstruction of the mouse ovary
before and after gonadotropins treatment
Study question = a single question, limited to the primary objective of the study (do not
include secondary questions) (max. 25 words) 25
How does gonadotropins treatment impact on the number of the different follicle types,
their 3D localization, and their recruitment and selection dynamics inside the ovary?
Summary answer = the main conclusion. A single sentence, this should be limited to the
primary results of the study, without any discussion of their implications (max. 25 words) 18
Treatment with gonadotropins modifies the dynamics of follicles recruitment and selection within the 3D context of the ovary.
What is known already = one or two short sentences (max. 100 words) 100
Gonadotropins regulate mouse folliculogenesis during follicles recruitment (type 4-5, T45) and selection for growth or elimination (T6-7). To further our understanding of the impact of gonadotropins treatment on folliculogenetic dynamics inside the ovary, we used
Computed Tomography (CT).
3D imaging of the ovary provides information on its inner spatial organisation, and microCT is the only technique that combines high resolution with cubic voxels and allows the
organ 3D in-silico reconstruction. We recently published the method for microCT analysis
of the adult mouse ovary demonstrating that follicle recruitment occurs simultaneously
all-over the cortex, and folliculogenesis is completed within the same region.
Study design, size, duration = cross sectional - control versus treatment, longitudinal - time-course, age-course. Numbers of treated/controls, treatment duration, sampling procedures (max. 75 words) 75
25-day-old CD1-mice were used since this age rightly precedes the first ovulation: follicles, from the primordial T1 to the pre-ovulatory T8, are all present, but corpora lutea (CL)
are yet not formed. Ovaries from different individuals were analysed by microCT: three
not-treated controls (CTR); three injected with 3.5 I.U. PMSG and sacrificed 48hr later
(PMSG); three treated first with PMSG, 48hr later injected with 3.5 I.U. hCG and then sacrificed after 15hr upon ovulation (PMSG+hCG).
Participants/materials, setting, methods = general approach used eg cell/tissue culture/
transfection, animal treatments/models, transgenesis. Species, ages, gender, cell type.
Methods and endpoints used - eg hormone, cytokine, growth factor measurements, cell
numbers/proliferation, tissue morphology/composition, FACS, immunohistochemistry,
Westerns, quantitative PCR, FISH (max. 75 words) 64
Ovaries were fixed in 4% Paraformaldehyde and treated with Lugol’s solution for 3hr at
RT. Then, they were imaged with the EasyTom XL (RX Solutions) tomographic system, using
a 1-1.2 µm/pixel resolution. Following microCT imaging, follicles classification (Fiji ImageJ,
NIH), 3D mapping (XnConvert, XnSoft) and ovary in-silico reconstruction (Avizo-9, Thermo
Fisher Scientific) were performed. ANOVA and Bonferroni post-hoc statistical analyses

were done with RStudio (p<0.05).
Main results and the role of chance = P values, biological gradient, repeatability/robustness, mechanisms identified/involved (max. 200 words) 199
Compared to CTR, 48hr after PMSG injection, the T3, T4 and T5 follicle classes remained
numerically unchanged, suggesting that the FSH-dependent recruitment involving T4-5
follicles is balanced by an equivalent number of follicles growing from the preceding primordial pool. The most evident change in PMSG ovaries was a 5-fold decrease (p=0.002)
in the number of antral T7 follicles, at the stage of follicle selection. This observation was
paralleled by the presence, in the medulla region, of many atretic-like follicles, characterised by a more intense microCT contrast associated with a collapsed antrum, de-structured granulosa-cell layers and fragmented oocytes.
In PMSG+hCG ovaries, the number of T3-7 follicles was analogous to that described for
PMSG, although the atretic-like follicles almost disappeared, suggesting their elimination
sometime prior to ovulation.
To understand whether follicle recruitment and selection have a territoriality within the
3D female gonad, ovaries were virtually divided into eight dorsal (D-I/II/III/IV) and ventral (V-I/II/III/IV) sectors. Compared to CTR, PMSG injection appeared to increase follicle
selection in sectors V-I (p=0.03), V-II (p=0.01) and V-IV (p=0.02), whereas PMSG+hCG displayed a higher follicle recruitment in sector V-IV (p=0.0007). Overall, these data suggest
a spatial differential effect of the gonadotropins treatment inside the 3D mouse ovary.
Limitations, reasons for caution = descriptive, only in vitro, cell transfection, shown only
in one species, technical limitations and reasons for caution, cell/animal lethality in a
knock-out, disease- or cell-specificity (max. 50 words) 48
To strengthen the results and better account for the interindividual variability in response
to hormonal treatments, the number of ovaries/individuals should be increased. Also, important is extending the analysis to the time-interval after hCG injection, beyond 15 hr, to
assess the effects of ovarian stimulation on subsequent cycles.
Wider implications of the findings = agreement/disagreement with literature, resolution
of previous disparity, new insights/mechanisms in disease(s), new therapeutic potential,
cell-, species- gender-, or age-implications, relevance to other systems (max. 50 words)
50
The method proposed allows to map all follicle stages and to reconstruct a 3D in-silico
model of the mouse ovary. This approach could be extended to other Mammals, including human, in normal and pathological conditions, as well as in response to different
hormonal stimuli (e.g., dose or type of gonadotropins).
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Title: A new option to thaw slow-frozen human ovarian tissue in cancer patients: efficacy
and safety of the combination of different cryopreservation kits
Study question:
Is follicular viability of slow-frozen human ovarian tissue preserved if rapid thawing is performed using a solution containing extracellular cryoprotectant only?
Summary answer:
Follicular viability is preserved even using thawing solutions containing extracellular cryoprotectant only, combining kits with different composition.
What is known already:
Ovarian tissue cryopreservation is an alternative option to oocytes or embryos for fertility
preservation in cancer patients facing gonadotoxic treatments. To date, each brand
producing kits approved for the slow-freezing of human ovarian tissue recommends the
use of its own thawing kit. However, a potential single protocol based on the use of any
extracellular cryoprotectant has already been proposed for human oocytes and embryos. The current study aims at finding alternative options to thaw cryopreserved human
ovarian tissue when the original kit was withdrawn from the market and only one CE-marked kit was available, even with different composition in cryoprotectants.
Study design, size, duration:
Ovarian tissue cryopreservation of ten cancer patients (18.3 ± 7.6 years) undergoing fertility preservation between 2001 and 2012 was performed following a slow-freezing protocol with 1.5M 1,2 PROH and 0.5M Sucrose. Once deceased, for each patient, cortical
fragments were prospectively thawed and equally allocated into two groups: i) fragments thawed using 0.5-1M 1,2 PROH and 0.3M Sucrose (PROH+S Group, n=73); ii) fragments thawed following an adjusted protocol with 0.5M Sucrose only (S Group, n=73).
Participants/materials, setting, methods:
Post thawing follicular density/mm2, integrity (%) and the presence of interstitial oedema
were assessed by histological and ultrastructural analysis performed after formalin fixation and haematoxylin/eosin staining. Follicular viability was evaluated by the expression
of markers of proliferation (Ki67) and of vascularization (CD31) by immunohistochemistry
after a 24h culture in Iscove’s modified Dulbecco’s medium at 37°C and 6% CO2. A paired comparison was performed referring to the fresh tissue of the same patient as control.
Main results and the role of chance:
The histological evaluation performed after thawing revealed that follicles were predominantly primordial (91%), with no follicles larger than the proliferating primary stage. A
significant reduction of follicular density per mm2 was observed in both study groups
(14.2 ± 12.0 vs. 15.1 ± 14.0 for PROH+S and S Group, respectively; p=0.4) compared to the
fresh tissue (27.2 ± 31.6; p=0.04) as well as a remarkable decreased of the proportion of

intact follicles (39.3 ± 17.1 vs. 25.5 ± 9.8; p=0.2) compared to the fresh tissue (98.1 ± 1.4;
p=0.002). Thawed samples equally showed interstitial oedema and increased stromal cell
vacuolization and chromatin clumping. Ki67 positive staining of active proliferating cells
revealed a comparable proportion of viable follicles between thawed samples (46.3 ±
20.8 vs. 28.3 ± 27.9 for PROH+S and S Group, respectively; p=0.2). Finally, the expression of
the endothelial marker CD31 in the thawed samples suggested an equivalent number of
blood vessels per mm2 (43.8 ± 34.3 vs. 41.7 ± 44.8; p=0.6).
Limitations, reasons for caution: Single centre study with a limited sample size. Only 24h
of in vitro culture was assessed. The use of the freezing medium corresponding to the Sucrose only solution was not tested. Clinical outcomes after ovarian tissue transplantation
should be evaluated before drawing final conclusion.
Wider implications of the findings:
First evidence of the feasible application of a “Universal Warming” protocol, irrespective
of brand and cryoprotectants, for the rapid thawing of slow-frozen human ovarian tissue.
IVF centres would be provided with alternative options to thaw ovarian tissue for restoring
reproductive potential in cancer patient undergoing ovarian transplantation.
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Title: Improved clinical validity of Preimplantation Genetic Testing for Aneuploidy (PGT-A)
using a next-generation sequencing workflow for simultaneous detection of aneuploidy,
ploidy and common pathogenic microdeletions.
Study question:
Can chromosomal abnormalities beyond aneuploidies (i.e., ploidy and microdeletions,
MD) be detected on a single trophectoderm (TE) embryo biopsy using a next-generation
sequencing (NGS)-based workflow?
Summary answer:
This NGS-based integrated approach allows accurate detection of ploidy status and the
most common microdeletions from a single TE-biopsy,expanding PGT-A clinical validity
and diagnostic capabilities.
What is known already:
Standard methodologies employed in PGT-A do not determine embryo ploidy status due
to the normalization process during copy-number-variation analysis. Transferring embryos
with abnormal ploidy variations is expected to result in miscarriage or molar pregnancy.
Common pathogenic MD are undetected as they fall below the PGT-A resolution limit
(<10Mb). MD are involved in genomic disorders associated with neurodevelopmental
disabilities and multiple congenital anomalies. The development of this sequencing strategy can resolve current limitations and add valuable information regarding the genetic
constitution of embryos, which is not usually evaluated in PGT and normally requires the
use of later-stage invasive prenatal diagnosis.
Study design, size, duration:
Ploidy determination was validated using 244 embryo samples of known ploidy status (226
diploids, 10 triploids, 8 haploids). We analysed nine common MD syndromes (-4p=Wolf-Hirschhorn, -8q=Langer-Giedion, -1p=1p36 deletion, -22q=DiGeorge, -5p=Cri-du-Chat,
-15q=Prader-Willi/Angelman, -11q=Jacobsen, -17p=Smith-Magenis) using 24 positive
controls (amniocentesis DNA from MD cases or TE biopsies from autosomal monosomy
mimicking MD) and 96 negative controls (healthy newborns). Overall, the dataset included 72 cases of individual chromosomal abnormalities and 576 negative cases across
the eight MD regions.
Participants/materials, setting, methods
PGT-A products were reamplified and sequenced (IonTorrentS5-ThermoFisher) using a
custom AmpliSeq panel targeting 384 regions with at least one Single Nucleotide Polymorphism (SNP) of high B-allelic frequency. A bioinformatic algorithm based on gaussian-mixture modelling of sequencing data was developed. This algorithm calculates the
conditional probability of the observed B-allelic ratio for each SNP, depending on the

copy number, then estimates the likelihood of ploidy and the presence of MD based on
the sequencing outcomes.
Main results and the role of chance:
Ploidy was correctly determined in 233/234 cases (Accuracy=99.4%), with only one diploid
sample misclassified as triploid (PPV=94.1%, NPV=100%, Non-informative rate=9/243=3.1%).
Microdeletions could be consistently detected with high reliability in 6 out of the 8 considered regions (-8q,-22q,-5p,-15q,-11q and -17p; PPV=98.5%, NPV=99.5%). Detection of microdeletions of 1p and 4p were less reliable due to the presence of recurrent haplotype
blocks in the population at those genomic regions, as confirmed by the analysis of a dataset of 2504 whole genome sequencing from One Thousand Genome Project database
(1kGP). The only MD false positive case showed extended loss of heterozygosity in the microdeletion region (-22q), which might be related to uniparental disomy or consanguinity
and requires further testing in the family.
This analytical framework was blindly applied to: (i) the analysis of 9 embryos from a family
affected by DiGeorge syndrome (female partner was carrier of del22.q11.21(2075442221440514), resulting in all embryos classified consistently with the conventional PGT-M results (using indirect linkage analysis); (ii) the analysis of samples from 99 transferred human
euploid embryos resulting in pregnancy losses. No ploidy alteration was detected in miscarried euploid embryos, but 2 microdeletions (-8q, -22q) were found, with an estimated
prevalence of 2/99 in the miscarriage population.
Limitations, reasons for caution:
Larger cohort studies will be required to accurately assess the incidence of ploidy alterations and microdeletions in preimplantation embryos and particularly in euploid miscarriages. Despite the high accuracy of the assay developed, the use of parental DNA to
support diagnostic calling can further increase the precision of the assay.
Wider implications of the findings:
This study provides, for the first time, detection of common pathogenic microdeletions
and ploidy status from a single TE biopsy, expanding PGT-A clinical validity. This new assay will also help elucidate fundamental biological and clinical questions related to the
genetics of implantation failure and pregnancy loss of apparently euploid embryos.
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Title: Fresh oocyte donation, the use of donor sperm, and the number of usable blastocysts are associated with higher clinical pregnancy rates: results from 1655 cycles.
Study question:
What are the factors associated with clinical pregnancy in the first single embryo transfer
of an oocyte donation treatment?
Summary answer:
The number of blastocysts and the use of donor sperm were positively correlated with
clinical pregnancy, while the use of vitrified/warmed oocytes was negatively correlated.
What is known already:
The use of donor oocytes for in vitro fertilization treatments is often necessary to overcome infertility. The number of donor oocytes allocated to each recipient is a key variable
to the cumulative success of these treatments. However, time to pregnancy is another
key metric in assisted reproduction, and it is important to achieve a better understanding
of the factors influencing the success of the first embryo transfer of an oocyte donation
treatment.
Study design, size, duration:
A retrospective study was conducted to analyze the outcome of the first single blastocyst
transfer of 1665 oocyte donation cycles, from 8 private IVF units, from July 2018 to July
2021. Patients who underwent multiple cycles were only included in the study once, during their first treatment. The endpoint of the study was the clinical pregnancy rate, defined by the presence of a gestational sac confirmed by ultrasound one month after the
transfer.
Participants/materials, setting, methods:
All cycles during the study period, using donor oocytes, resulting in a first fresh or frozen
single blastocyst transfer were analyzed. Cases that used PGT-A or sperm from testicular
biopsy were excluded. Multiple logistic regression was used to determine the association of the variables: patient age, sperm origin, vitrified/warmed oocytes, fertilization and
blastocyst development rate, total number of usable blastocysts obtained, fresh/frozen
transfer, and embryonic day at transfer.
Main results and the role of chance:
A total of 972 (58.4%) embryo transfers resulted in a clinical pregnancy in the study population. The mean age of the recipient and male partner was 42±4.4 years and 42.1±6.0
years, respectively, and did not differ between positive and negative transfer groups.
Statistically significant higher pregnancy rates were observed for day 5 transfers vs. day
6 (59% vs 46%) and fresh vs. vitrified/thawed oocytes (64% vs. 55%). The mean number of
zygotes (5.1 vs. 4.8, p=0.032), the mean fertilization rate (76.3% vs. 72.8%, p=0.007), the
mean usable blastocyst development rate (60.0% vs. 57.7%, p=0.006) and the mean total number of usable blastocysts (2.9 vs. 2.6, p<0.001) were higher in clinical pregnancy
group.
The results of multiple logistic regression showed that the use of sperm donor increased

the chances of achieving a clinical pregnancy rate in the first embryo transfer (OR 1.36,
1.04-1.79), and the use of vitrified/thawed oocytes reduced them (OR 0.69, 0.56-0.85).
There was a positive association with a higher number of usable blastocysts obtained
in a cycle, and higher pregnancy rates (OR 1.16, 1.07-1.26), presumably by allowing for
additional morphological embryo selection.
Limitations, reasons for caution:
Certain confounding factors were not accounted for: variability of results between the
different IVF units, endometrial preparation protocols, post-warming embryo morphology, sperm analysis diagnostic, as well as variability in recipients’ and donors’ baseline
characteristics.
Wider implications of the findings:
Factors of an oocyte donation treatment influencing the outcome of the first embryo
transfer were identified. A better understanding of these factors, and interactions amongst them, is key to maximize the efficacy of these treatments, and achieve an optimal
use of a limited resource such as donated oocytes.

