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Study question: What are the prevalence and implications of cytoplasmic
strings (Cyt-S) in preimplantation development after blastulation?
Summary answer: Cyt-S are common in human embryos and are associ-
ated with faster blastocyst development, larger expansion, and better
morphological quality.
What is known already: Cyt-S are dynamic cellular projections connecting
inner-cell-mass (ICM) and trophectoderm during blastocyst expansion. Their
prevalence in human embryos in vitro has been estimated 44-93%. Currently,
their role is unknown. Studies in animal models suggested they might be in-
volved in ICM-to-trophectoderm communication or cell fate-related events.
Nevertheless, comprehensive descriptions and clear definitions, evidence-
based hypotheses about their function, and data about their clinical implica-
tions are lacking, limited or controversial. Here we leveraged time-lapse
microscopy, artificial intelligence, and chromosomal testing to comprehen-
sively portray these common features of blastulation and expansion
processes.
Study design, size, duration: Observational study involving 124 PGT-A
cycles in EmbryoScope (Vitrolife) with �1 blastocyst (N¼ 315) between
May-2013 and November-2014. Timings from tSB to biopsy (t-biopsy, i.e.,
blastocyst full-expansion) in hours-post-insemination (hpi) and embryo area
(including zona-pellucida in mm2) were automatically annotated through an AI-
based software (CHLOETM, Fairtility). One senior embryologist annotated
Cyt-S presence, number, timings, and type (thick cell-to-cell connections and/
or threads), and blastocyst collapses (i.e., reduction of embryo area prevent-
ing the discrimination of ICM from trophectoderm).
Participants/materials, setting, methods: ICSI, continuous blastocyst cul-
ture (day 5-7) in time-lapse incubators, trophectoderm biopsy without zona-
pellucida drilling on fully-expanded blastocysts, and qPCR to assess non-mosaic
full-chromosome aneuploidies were all conducted. Blastocyst morphological
quality was defined according to Gardner’s schemes as excellent (AA), good
(AB,BA), average (BB,AC,CA) and poor (CC,BC,CB). Only vitrified-warmed
euploid single-embryo-transfers were performed. Along with developmental
timings, extent of expansion and morphological quality, we also assessed eu-
ploidy and live-birth rates in blastocysts with and without Cyt-S.
Main results and the role of chance: 94.4% of the patients (N¼ 117/
124) had �1 embryo with Cyt-S (mean:2.2 § 1.6, range:0-9). 86% of all blas-
tocysts analyzed (N¼ 271/315) had �1 Cyt-S (3.5 § 2.1, 1-13; duration of
the longest Cyt-S: 5.8 § 3.4 hours, 0.5-20.9). Overall, we analyzed 937 Cyt-S
detected at 117.3 § 11.8 hpi (85.7-160.5) and lasting 3.8 § 2.7 hours (0.2-
20.9). The first Cyt-S of each embryo lasted longer (4.4 § 3.2 hours) com-
pared to the following (�3 hours or less). Cyt-S were mostly threads
(N¼ 133/271, 54.2%) or thick cell-to-cell connections becoming threads
(N¼ 382/937, 40.8%) than connections of constant diameter (N¼ 47/937,
5%). Of the 271 embryos with �1 Cyt-S, 71.9% showed these projections
only during early expansion processes after tSB (N¼ 195; 3.0 § 1.6, 1-10),
7.7% only after collapses (N¼ 21; 2.6 § 1.5, 1-6), and 20.3% both in early
expansion and after collapses (N¼ 55; 2.3 § 1.3 and 3.2 § 2.4, 1-11 respec-
tively). Poor- versus excellent-quality blastocysts (N¼ 54/75, 72% versus
N¼ 120/129, 93%, multivariate-OR¼0.32, 95%CI 0.11-0.92, adjusted-
p¼0.03), t-biopsy (multivariate-OR¼0.97, 95%CI 0.95-0.99, p¼ 0.05) and
blastocyst area at t-biopsy (multivariate-OR¼1.1, 95%CI 1.01-1.18, p¼ 0.02)
were all associated with the prevalence of embryos with Cyt-S. Lastly, while
euploidy rates were comparable between blastocysts with and without Cyt-S,
an association instead was shown with live-birth-rates per vitrified-warmed
euploid transfers (N¼ 34/77, 44.2% versus N¼ 0/10, 0%; p< 0.01), al-
though these data are very preliminary.
Limitations, reasons for caution: Some Cyt-S after collapses might corre-
spond to connections already present before these events. Larger datasets
are required to confirm putative associations between Cyt-S and clinical out-
comes. Only associations could be reported here, but not causations/
consequences. Specific basic research studies are required to this end
Wider implications of the findings: Embryos with �1 Cyt-S were faster
in reaching all blastocyst timings (tSB to t-biopsy) and to expand, achieved a
larger area at t-biopsy and had a better morphology. These dynamic features
of blastocyst expansion might be physiological and represent biomarkers of
embryo quality. Nevertheless, their function is yet unknown
Trial registration number: not applicable
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O-120 Predicting Embryo Ploidy Status Using Time-lapse Images
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Study question: Can deep learning models using time-lapse images of em-
bryo development be used to predict embryo ploidy and provide
supplemental information to embryologists for clinical decision-making?
Summary answer: We developed a general MDBS-Ploidy model that uses
time-lapse images and maternal age to predict embryo quality scores and
ploidy status.
What is known already: Ploidy status, or the presence or lack of chromo-
somal abnormalities, is an important factor in a successful pregnancy.
Embryos with abnormalities are classified as aneuploid, whereas those with-
out are euploid. With the advent of artificial intelligence in computer vision
and the collection of large IVF-related datasets combining images, videos, and
clinical outcomes, a variety of methods have been developed to automatically
assess embryo quality and other characteristics using images from time-lapse
sequences. To our knowledge, a video classification model validated by het-
erogeneous data to predict both embryo quality score and ploidy is lacking.
Study design, size, duration: The training dataset for the model consisted
of 1,998 time-lapse sequences captured by the EmbryoscopeVR . Time-lapse
image sequences consisted of around 360–420 frames captured during 5 days
of development. PGT-A results were used as ground truth labels for all ploidy
prediction tasks, with embryos classified as euploid or aneuploid. The dataset
also included clinical information such as blastocyst score (BS) and maternal
age at the time of oocyte retrieval.
Participants/materials, setting, methods: The MDBS-Ploidy consists of
two steps. The first step is quality score prediction from day-5 time-lapse
video input using a Bidirectional Long Short-Term Memory architecture with
added output layers for multitasking. In the second step, the predicted score,
in addition to maternal age, is used to predict the ploidy status of the embryo
using a logistic regression model. We evaluated the performance of the
MDBS-Ploidy using area under the receiver-operating-characteristic (AUROC)
on a validation dataset.
Main results and the role of chance: For the MDBS-Ploidy quality score
prediction module, the Pearson correlation between scores predicted by the
MDBS-Ploidy and ground truth quality scores is 0.70 on the validation dataset,
suggesting moderate correlation strength. As for the aneuploidy prediction
module, the MDBS-Ploidy can discriminate between euploidy and aneuploidy
with an AUROC of 0.76 § 0.002. The MDBS-Ploidy performs comparably
with a model trained on the embryologist-annotated blastocyst score. We
replicate these comparative results in external validation datasets as well,
namely the EmbryoscopeþVR dataset with 1,000 embryos and the IVI Valencia
Spain dataset with 543 embryos. Moreover, the MDBS-Ploidy is completely
automated, requiring only time-lapse images from 96 to 112 hpi and maternal
age to predict embryo ploidy status. This allows the MDBS-Ploidy to be
adapted clinically without interrupting ongoing workflows. The MDBS-Ploidy
also provides a certain level of explainability; embryologists can use the inter-
mediate quality score (from the first module) to determine why an embryo is
classified as a certain ploidy status. With a recall of 0.84 § 0.004 for the val-
idation dataset, the MDBS-Ploidy shows promise for successfully selecting
euploid embryos. We believe that the MDBS-Ploidy can provide supplemental
information for selecting the most viable embryo.
Limitations, reasons for caution: Our model primarily uses data from
time-lapse microscopy. Clinics without access to this technology will be un-
able to use our model.
Wider implications of the findings: This model is clinically relevant for
making decisions as to whether an embryo may be chromosomally normal.
Automated quality score prediction is instrumental to embryologists who are
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..currently annotating embryos manually. Future iterations of the model can
theoretically be adopted into clinical practice because it is end-to-end and
fully automated.
Trial registration number: not applicable

Abstract citation ID: dead093.148
O-121 Temporal development of scores from a time-lapse based
artificial intelligence provides no additional benefit compared to
the latest score

J. Lassen1, F. Bahr2, J. Rimestad1, M. Johansen1, J. Berntsen1

1Vitrolife A/S, Product development, Aarhus, Denmark
2Vitrolife A/S, Product management, Aarhus, Denmark

Study question: Does the temporal development of scores from an artificial
intelligence (AI) based embryo selection model provide additional predictive
power compared to the latest score?
Summary answer: Earlier predictions provide no additional predictive
power given the latest prediction. Knowing the development of AI scores is
thus not beneficial for embryo selection.
What is known already: Traditionally, embryo grading takes into consider-
ation the final morphology score together with the history of embryo
development events. Recent publications have shown that time-lapse based
AI models trained on clinical outcomes can automatically rank embryos by
the likelihood of implantation that equal or surpass traditional methods, with-
out the necessity for manual evaluation. AI-based methods based on time-
lapse data may account for the impact of the full temporal development on
likelihood of implantation. In this study, we examine if the addition of previous
scores adds to the performance of an embryo selection model.
Study design, size, duration: A retrospective multicenter study of trans-
ferred embryos (n¼ 2422) with known implantation data (KID) between
2012-2020 from 21 international clinics. Embryos were cultured in
EmbryoScope time-lapse incubators for at least 5 days. Both single and multi-
embryo transfers in fresh and warmed cycles were included. Embryos were
classified as positive (KIDp) or negative (KIDn) by the presence of fetal
heartbeat.

Implantation likelihood was evaluated at cleavage- and blastocyst stages by
a 3D CNN model; iDAScore v2.0.
Participants/materials, setting, methods: A kernel-based conditional in-
dependence test was used to evaluate if a score at x hours post insemination
(hpi) provide extra information compared to a score at y hpi. The test esti-
mates the likelihood that a prediction after x hpi does not provide any
additional information with regards to predicting KIDp when a prediction after
y hpi is available. These likelihoods (p-values) were Bonferroni corrected to
adjust for multiple comparisons.
Main results and the role of chance: KIDp predictions were computed
for all embryos at 40, 44, 64, 68, 112, and 116 hpi corresponding to early
and median time of transfer for day 2, 3, and 5. For all time points, the condi-
tional independence test showed that there was no added information from
knowing predictions at an earlier time point (p> 0.21).

Similarly, it was tested if a known later prediction will improve model per-
formance for an earlier prediction. This was always the case (p< 0.01)
except for predictions close in time (68 vs 64 hpi; p¼ 1.0) and (44 vs 40 hpi;
p¼ 1.0). This may reflect that there was little additional embryo development
information during a 4-hour period at this development stage.

The above shows that knowledge of the temporal score development
does not improve model performance compared to using latest available
score. This means that an AI model based on time-lapse videos likely consid-
ers earlier embryo development events in the context of the entire
development history.
Limitations, reasons for caution: This study is a retrospective study that
only looks at AI based on time-lapse videos. There is a potential bias as the
embryos were likely of higher quality having been chosen for transfer. It is
possible that the results do not generalize to simpler non-3D CNNs.
Wider implications of the findings: Knowing the temporal score develop-
ment can introduce subjectivity that might lower implantation rates as the

earlier scores were shown to not provide any significant prediction
improvement.
Trial registration number: not applicable

Abstract citation ID: dead093.149
O-122 The first study to assess the clinical efficacy of CHLOE-EQ
on the assessment of embryo viability of embryos cultured in a
GERI time-lapse incubator

J. Ten1, L. Herrero2, Á. Linares3, E. Álvarez4, T. Latin5, A. Zepeda6,
A. Bernabeu7, R. Bernabeu7
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4Instituto Bernabeu, Embryology Unit, Palma de Mallorca, Spain
5Fairtility, Software Development, Tel Aviv, Israel
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Study question: Can an automatic AI scoring system predict ploidy, live
birth and utilization? Are there differences in AI scoring between donor and
own gametes?
Summary answer: CHLOE-EQ Score is directly associated with oocyte
quality, ploidy, utilization, live birth, embryo quality, direct uneven cleavage
(DUC), blastulation, utilization and selection for transfer.
What is known already: The integration of AI algorithms, such as CHLOE-
EQ, into different Time-lapse systems requires clinical and biological valida-
tion. Geri Time-lapse videos have given the embryologists more insight into
embryo development. Analyzing this information manually requires time and
introduces risk of error. To tackle this issue, AI solutions like CHLOE-EQ
(Fairtility) can be used to automatically assess video datapoints. CHLOE-EQ
provides an embryo quality score that has been shown to predict embryo via-
bility and ploidy, providing clarity on the underlying biological factors. Before
introducing AI tools in clinical practice, it is crucial to confirm their efficacy
and validate with clinical data.
Study design, size, duration: A retrospective cohort analysis was con-
ducted at a private clinic in Spain from April 2021 to November 2022,
involving the review of 3196 Geri time-lapse videos with a subset of known
ploidy and live birth outcomes. The correlation of CHLOE-EQ score with
ASEBIR clinic grading was evaluated. As well as with DUCs, oocyte quality,
sperm source, blastulation, utilization, selection for transfer, ploidy and live
birth.
Participants/materials, setting, methods: Geri time-lapse videos were
automatically analyzed by CHLOE-EQ (Fairtility). CHLOE-EQ score was
assessed in relation to laboratory (ploidy, clinic ASEBIR embryo scoring, utili-
zation, selection for transfer) and clinical outcomes (live birth), as well as
between own vs donor gametes (own eggs >40y vs donor eggs and testicular
sperm vs donor sperm) using descriptive statistics and t-test. The accuracy of
prediction was measured using binary logistic regression (AUC).
Main results and the role of chance: CHLOE-EQ score was positively
correlated with ASEBIR embryo quality (A:8.7 § 1.9, n¼ 349 >B:6.8 § 2.9,
n¼ 470 > C: 5.1 § 3.0, n¼ 124 > D:1.3 § 2.1, n¼751; p< 0.05). Non-
DUCs had higher CHLOE-EQ Score than DUCs [5.3 § 3.8, n¼1798 vs
1.9 § 0.38, n¼643, p<0.001]. CHLOE-EQ Score was unaffected by the qual-
ity of the sperm sample, with similar CHLOE-EQ scores between donor
sperm and testicular derived sperm (4.1 § 3.9, n¼335 vs 3.4 § 4.2, n¼56,
respectively, NS).

Embryos that blastulated (yes vs no: 5.4 § 3.7, n¼1996 vs 0.6 § 2.1,
n¼309, p< 0.001), were utilized (7.4 § 0.28, n¼911, vs 1.0 § 2.1, n¼ 1309,
p< 0.001), selected for transfer (8.7 § 2.4, n¼153 vs 3.3 § 3.7, n¼ 2067,
p< 0.001), were euploid (7.5 § 2.5, n¼72 vs 6.3 § 3, n¼152, p¼ 0.001)
and resulted in live births (4.4 § 4.1, n¼ 332 vs 3.8 § 4, n¼ 499, p¼ 0.02)
had a higher CHLOE-EQ score than embryos that did not.

CHLOE-EQ Score is higher in embryos derived from oocytes from donors
than own eggs, suggesting that oocyte quality affects CHLOE-EQ score
(4.0 § 4, n¼ 1189 vs 2.7 § 3.4, n¼ 356).
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