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Research Question. This study investigates whether embryologists can reliably differentiate 

euploid from aneuploid embryos based on morphology alone, and examines the effectiveness 

of AI-assisted selection, specifically using ERICA (Embryo Ranking Intelligent Classification 

Algorithm), in improving embryo selection outcomes compared to embryologists alone.   

 

Design. A training tool was developed and employed in which 19 embryologists (comprising 

junior, intermediate, and experienced practitioners) evaluated the ploidy status of embryo 

images. They were subsequently provided with rankings generated by ERICA for the same 

embryos and asked to make a final judgment combining both sources of information. This 

process was conducted over between 20 to 150 simulated IVF cycles to assess performance 

in identifying euploid embryos.   

 

Results. Both embryologists and ERICA demonstrated a statistically significant ability to 

identify aneuploidy better than random selection. ERICA outperformed embryologists in 

selecting euploid embryos on the first attempt. However, the combination of embryologist 

judgment augmented by ERICA did not result in a superior outcome compared to either 

approach individually.   

 

Conclusion. The study highlights that AI tools like ERICA can enhance the reliability of embryo 

selection by reducing subjectivity and bias, yet the combination of human and AI judgment 

does not always provide a clear advantage over using either method independently. These 

findings emphasize the need to better understand the influence of AI on human decision-

making and the trust placed in automated processes in IVF settings. 
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Introduction 

With over 12 million IVF babies born since the first (Steptoe and Edwards 1978), significant 

advances have improved live birth rates per embryo transfer to over 65% in some clinics 

(Fauser et al 2019). These advances include enhanced culture media, vitrification, improved 

ovarian stimulation, optimising endometrial receptivity and the ability to detect aneuploid 

embryos (Niederberger et al., 2018). Conversely, other aspects such as manual manipulation 

of gametes/embryos and standard light (phase contrast) microscopy have remained 

remarkably unchanged since IVF’s inception (Campbell, 2022). Visual inspection and the 

subjective view of the embryologist in embryo selection has also remained the primary 

decision-making tool. Different classification systems have been proposed over the years and, 

depending on country, these usually include factors such as number of cells, division rates, 

equality of blastomere size and levels of fragmentation (Dawson et al., 1995). Selecting the 

best embryo for transfer requires expertise, but various laboratory conditions can also 

influence embryo morphology (Cairo Consensus Group, 2020). These factors, in turn, impact 

the selection process, requiring embryologists to carefully consider both experience and 

environmental conditions. 

 

In the critical pursuit of defining the most suitable embryo for selection, many authors 

employed different morphological evaluations from zygote patterns (Tesarik et al 1999) to a 

variety of scoring systems (Sakkas et al., 1998, Balaban et al, 2011). As the IVF world 

progressed to blastocyst embryo transfer (rather than cleavage stage) factors such as hatching 

status, blastulation rate, plus assessment of inner cell mass (ICM) and trophectoderm (TE) 

morphology are also considered. Gardner and Schoolcraft’s initial classification of blastocysts 
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(Schoolcraft et al. 1999) has been frequently revised and challenged (Gardner et al., 2000; 

Balaban et al., 2006, Veeck & Zaninovic, 2003, Richardson et al., 2015, Saiz, 2018). At the time 

of writing, however, there is no uniform consensus on how to grade blastocysts (Puga Toress, 

2017). In the UK, embryos are usually scored according to “Gardner" system with high quality 

embryos (AA, AB, BA or BB) considered for transfer, while the fate of poor-quality embryos 

depend on local standard operating procedures (SOPS) and single embryo transfer policies 

(sET) that determine whether they are typically transferred, cryopreserved or discarded. Low 

chances of survival and likelihood of aneuploidy are the most commonly cited reasons for not 

transferring low scoring embryos (Ahlström, 2011), although such embryos can lead to viable 

offspring (Al Hashimi et al 2024). Many clinics modify this system with personalised scores of 

letters and “+” to denote preference. For example, in Spain, most clinics follow the Association 

for the Study of Reproductive Biology (ASEBIR a Spanish society) scoring system (Cuevas Saiz 

et al., 2018), which is dynamic in nature, taking into account scientific publications, and that 

classifies embryos into 4 categories. Now that preimplantation embryos can successfully be 

video recorded (Kovacs 2014), this scoring system is again under review for future 

modification incorporating key morphokinetic parameters, morphological events and 

development milestones (Garcia-Belda, 2024). 

 

Timelapse imaging (TLI) and monitoring offers enriched, continuous insights and enables 

dynamic embryo scoring, necessitating an evolution in traditional assessment methods. With 

digitalization, this approach transforms the humble microscope into an advanced analytical 

tool, elevating its role from mere observation to active data analysis. TLI can output either 

static or video images and gives the embryologists an opportunity to observe more aspects of 

development. Such visualization does not require removal of the embryo from the incubator 
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and this uninterrupted culture plus more data rich observation of human embryo 

development has the potential to improve embryo selection (Márquez-Hinojosa et al, 2022). 

The benefits of TLI in terms of improving IVF outcomes are however still not certain, 

(Armstrong et al., 2019), but a number of investigations have provided evidence that time-

lapse monitoring, alongside morphokinetic algorithms for embryo selection, can result in 

improved clinical outcomes. Pribenszky et al’s. (2017) meta-analysis established that TLI was 

associated with improved ongoing clinical pregnancy rates, early pregnancy loss and live birth 

rates. Inconsistencies in the studies included in the meta-analysis and the selective application 

of the technology however cast some doubt on the quality of the overall conclusions, as did 

potential conflicts of interest plus inclusion/exclusion criteria (Armstrong et al., 2018; Alikani, 

2018). Fishel et al. (2018, 2020) subsequently established that morphokinetic-based 

algorithms could provide objective hierarchical embryo quality ranking with better 

discriminating power than visual inspection by an embryologist. Time-lapse systems can be 

costly however, and analysis can be time-consuming (Chen 2017, Conaghan 2013, Kaser 2016, 

Kirkegaard 2015, Sciorio 2021).  

 

The pros and cons of Time-Lapse Imaging (TLI) must thus be assessed on a clinic-by-clinic basis, 

as the debate surrounding its use shows no signs of abating. Recent controversy, particularly 

highlighted by Kieslinger et al. (2024) suggesting “an inconvenient reality”, implies that 

technologies like TLI, whether enhanced with AI or not, are often subject to significant hype 

in their applications citing the recent randomized controlled trial (RCT) by Illingworth et al., 

(2024). The RCT demonstrated the non-inferiority of AI in comparison to manual methods of 

embryo ranking. However, the study also uncovered some notable real-world truths: firstly, 

the AI's speed was markedly faster than that of its embryologist counterpart, and secondly, 
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manual assessments can be fluctuating. This highlights “the Hawthorne effect,” where 

embryologists performed better than usual as a result of being part of the study. Furthermore, 

technologies like TLI, potentially supported by AI, may offer practical benefits, such as 

uninterrupted and continuous embryo culture, which could help alleviate the growing 

challenges faced by embryologists in modern clinics. (Choucair et al, 2021). 

 

Automated annotation of developmental milestones and the use of artificial intelligence (AI) 

are obvious steps through which grading of embryos by visual inspection might be developed 

and improved (VerMilyea 2020a, Malmsten 2021). The inclusion of AI in embryo selection 

would be highly desirable as its ability to make, or contribute to, decisions is reliable and 

reproducible, unlike humans, who can be prone to subjectivity and other bias. To date, 

however, it’s use has been somewhat limited to early developmental stages based on pre-

existing classifications, or making use of very sophisticated microscopy modalities (Goodman 

2016, Mio 2006, Storr 2015,). There have however been some important demonstrations of 

the potential power of this approach. For example, Dimitriadis et al. 2019 described the 

development of a convoluted neural network that could distinguish, with >90% accuracy, 2PN 

and non-2PN zygotes at 18 hours post-insemination, whilst Zhao et al (2021) showed that 

assessment of the morphokinetic patterns of the zygote cytoplasm, zona pellucida, and 

pronuclei could achieve human embryo segmentation precisely, quickly and reproducibly. 

Using single-image analysis, e.g. Khosravi et al. (2019) employed an AI deep learning model to 

assess blastocyst quality prioritising expansion. This was followed by ICM, then TE quality, 

developing blastocyst ranking system called the “BL score,” demonstrating >50% positive 

outcomes. Moreover, Kragh et al (2019) found a reproducible way to assess embryo quality 

that was at least on a par with the judgement of the embryologist, with the AI system having 
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slightly better correlation between predicted embryo quality and implantability than human 

embryologists. 

 

In general terms, an under-studied area in blastocyst selection centres around the reasons for 

both agreement and disagreement. This relates to similarities and differences between 

embryologists, especially when comparing the choices made by AI models to that of human 

beings. Specifically, how different is blastocyst selection for embryo transfer between 

embryologists using a blastocyst grading system compared to using an AI model selection? 

Moreover, how often will the AI choose a different blastocyst compared to the embryologist, 

particularly when embryologists cannot necessarily always agree, even among themselves? 

There are currently no standards for choosing an AI system for embryo evaluation. They 

depend on the type and size of the data set, as well as the output queries (Fernandez 2020) 

and the specific time point for image analysis (VerMilyea 2020b; Zaninovic 2020).  

 

The relationship between embryo morphology and chromosome abnormality, principally 

aneuploidy, has been the subject of many studies, both involving standard observation and 

TLI. In general terms, poor morphology can be indicative of chromosomal abnormality. For 

instance, gross chromosome abnormalities are often observed alongside differences in 

morphokinetics such as embryo developmental delay and fragmentation (Sun et al., 2012; 

Almeida et al., 1995; Munne and Alikani, 2011; Alikani, 2005; Pabon et al., 1989). Many factors 

during in-vitro culture or egg collection and handling, e.g. increased temperature and high 

oxygen tension, can affect cytoskeleton organisation adversely, cause spindle damage and 

subsequent chromosomal errors. Specifically, temperature changes in egg collection/handling 

have been demonstrated to cause meiotic aneuploidy (Pickering et al., 1990, Mortimer and 
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Mortimer, 2015), while unsuitable temperature control during in-vitro culture can cause 

embryonic mosaicism (Munne et al., 1997). Nonetheless, the ability to predict aneuploidy 

through morphology alone is problematic (Campbell et al 2013, Ottolini et al 2014). There is 

therefore an ongoing question of whether aneuploid embryos have notably different 

morphokinetic properties to that of their euploid counterparts. In a systematic review, 

Bamford et al. (2022) collated the results of 58 studies from over 40,000 embryos. They 

identified 10 morphokinetic features that had been implicated as being significantly altered in 

aneuploid compared to chromosomally normal embryos. These features included the time to 

reach eight cells, the time to blastulation and the time to achieve an expanded blastocyst. 

They also reported prognostic potential for the degree of fragmentation, for multinucleation 

continuing up until the four-cell stage and for the frequency of embryo contractions, but not 

for early multinucleation nor unequal cleavage. Notably, algorithms involving AI for live births 

could also have some predictive value (Bamford et al, 2023, 2024).  

 

Non-selection trials have established that, when an embryo is diagnosed as fully aneuploid 

(i.e. 100% of the 5-10 cells in a trophectoderm biopsy all have a chromosome abnormality), 

then the chances of it developing to a chromosomally normal live birth are slim at best. Of 

the 4 studies in which known aneuploid embryos (3 non-selection trials and 1 unblinded 

cohort study) 267 embryos were transferred with only 3 leading to live births - a little over 1% 

chance (Tiegs et al, 2021, Wang et al 2021, Yang et al 2021 and Barad et al, 2022). By contrast, 

where all cells are detected as euploid, chances of normal live births are around 65% according 

to Tiegs et al (2021). The situation is clouded somewhat by euploid/aneuploid mosaicism 

arising post-zygotically. Mosaicism is discussed extensively in different forums elsewhere but, 

in general terms, chances of live birth may be reduced in mosaic embryos, depending on the 
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proportion of aneuploid cells. The debate surrounding the relative benefits and pitfalls of PGT-

A is long-standing and continuing, however, the fact remains that the procedure involves an 

added financial burden to the patient and, if a low-cost option could be found for selecting 

euploid embryos, and without the need to perform embryo biopsy, it would most likely 

achieve considerable take-up.   

 

With the above in mind, the question arises of whether embryologists can regularly and 

reliably differentiate euploid from aneuploid embryos through morphology alone and/or 

whether AI-assisted selection can perform the selection more effectively. PGT-A remains the 

most objective way to assess an embryo for aneuploidy, however, its invasive nature, cost, and 

concerns about its diagnostic accuracy (e.g. with mosaicism) limit more widespread use. 

Although non-invasive approaches for embryo selection e.g. time-lapse morphokinetic 

evaluation (Campbell 2013), morphology assessment (Capalbo 2014, Zhan 2020) and AI 

systems (Chavez-Badiola et al. 2020) have aimed to compare PGT-A outcomes against their 

findings, it is still difficult to find studies presenting AI systems for embryo ranking trained 

against ploidy status as a ground truth. Salih et al. (2023) presented a systematic review of 20 

studies, finding that AI models consistently outperformed embryologists in predicting embryo 

quality and clinical outcomes. This highlights AI's potential to enhance the reliability of 

embryo selection in IVF. However, the authors conclude that while the results are promising, 

further research and validation are necessary before implementing AI for embryo selection in 

clinical practice. 

 

Our own work (Chavez-Badiola et al 2020) developed the AI clinical assistant “ERICA” (Embryo 

Ranking Intelligent Classification Algorithm, IVF 2.0 Ltd, UK) to rank embryos based on the 
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ability to predict euploidy and pregnancy test results. ERICA uses a single static blastocyst 

image in a known outcome data set. Following training and validation, we established that 

ERICA was more successful than both random selection and experienced embryologists in 

correctly identifying and ranking embryos with euploidy and the highest implantation 

potential, without the need for time-lapse or invasive embryo biopsy. More recently we 

(Chavez-Badiola et al 2024) established that there was a relationship between the use of 

ERICA and predicting the chances of spontaneous miscarriage (SM). That is, results supported 

a correlation between the risk of SA and embryo rank as determined by ERICA; the 

classification accuracy was 67.4%.  

 

In the current study we extend the use of ERICA for embryo selection, using a training 

interface to test a number of hypotheses: First that embryologists can differentiate euploid 

from aneuploid embryos significantly better than random; second that ERICA is more effective 

than, or at least as good as, experienced embryologists for predicting euploidy in human 

embryos; finally, that experienced human judgement, augmented by AI (ERICA) is the superior 

approach compared to either alone.  

 

 

Materials and methods 

 

Ethical considerations 

This study was reviewed and approved by the Institutional Review Board (IRB) of New Hope 

Fertility Centre Mexico, which is officially registered and recognized by the Comision 

Nacional de Bioética (Registration Code 09-CEI-00120170131,14 June 2021). 
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The IRB classified the research as low risk and non-interventional, issuing a waiver for 

additional ethical approval in accordance with its guidelines. This approval was recorded 

under Reference No. RA-2021-04. 

 

Study design 

The basis of this prospective study was analysis of a selection tool in which 19 professional 

embryologists were presented with a set of images of blastocyst embryos and asked to rank, 

on the basis of morphology alone, which embryos they thought were most, and least, likely 

to be euploid. The ERICA algorithm – a tool trained on a series of 840 prior images 

(independent to the images used in this exercise) from which, via deep neural networks and 

artificial vision, 94 features from each image were extracted and used to assess ploidy and 

implantation (Chavez-Badiola et al 2020) – was also assessed using the same selection tool. In 

addition to using the tool, the professional embryologists were also presented with the results 

of a previous assessment of the embryo images from ERICA to investigate if, and how, this 

additional information resulted in them changing their decision.   

 

All images in the selection tool were from prior PGT-A cases performed in 10 participant clinics 

(New Hope, New York City, USA; Hanabusa, San Diego, USA; New Hope,  Guadalajara, Mexico; 

New Hope, Mexico City, Mexico; IECH, Monterrey, Mexico; Institute of Life-IASO, Athens, 

Greece, Poma Fertility, Kirkland, USA ; AndroFert, Campinas Brazil; Aria, London, UK and IVF 

London, UK) between January 2020 and October 2021.  

 

The stimulation and embryology protocols across the participating groups, though varying in 

the type of incubator used, adhered to standardized procedures for ovarian stimulation and 
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oocyte retrieval (Pacchiarotti et al, 2016). The oocyte collection, fertilization, and culture 

processes followed industry-standard laboratory protocols, metaphase II oocytes were 

inseminated via Intracytoplasmic Sperm Injection (ICSI) (Palermo et al, 1992) and 

subsequently cultured in a continuous sequential culture medium for 5 to 6 days under low 

oxygen conditions (5% O₂) using the optimum requirements for embryo culture in IVF systems 

(Cairo Consensus Group, 2020). 

 

To create the “cases” presented in the selection tool, a database was created of blastocyst 

images (all day 5), their known ploidy status (from PGT-A) and metadata (patient’s age, 

embryo age at the time of the picture, and ERICA score). Exclusion criteria included poor 

image quality (using ERICA’s standards), mosaic and unknown ploidy diagnoses. We then 

created a probabilistic distribution of blastocysts with known ploidy in a cycle by age groups 

at the time of egg retrieval, according to the following maternal age groups: <35 (euploidy 

rate of 59%), 35-37 (53%), 38-40 (44%), 41-42 (31%), >42 (19%), then ran the following process 

(See Figure 1) to create the synthetic embryo scaffolds: a) we collected one cycle size from the 

corresponding distribution that is between 2 and 6; b) we collated the number of euploids 

within the cycle corresponding to variations in chromosome abnormalities in human 

blastocysts according to age (Sawarkar et al. 2021);  c) if the cycle contained at least one 

euploid and one aneuploid, we continued, else we restarted at step a); d) according to their 

ploidy status, we assigned randomly without replacement with real embryo cases (images and 

metadata) from our database of embryos with known ploidy. This process was iteratively 

repeated until we had created 30 synthetic cycle scaffolds from each age group, for a total of 

150 cases.  
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In each exercise, five cases of 2-5 blastocyst images were presented and the embryologists 

were limited to only these five cases per day in order to minimise operator fatigue. They were 

given the opportunity to perform up to 150 cases in total (i.e. 30 individual days at five cases 

per day). In short, embryologists had to select the best embryo from the available cohort, 

even when all embryos were of only fair to medium quality. 

 

In the interface, users were asked to choose the embryo that they believed was most likely to 

be euploid (“best”), then most likely to be aneuploid (“poorest”). If more images remained, 

then the next most likely to be euploid, the next mostly likely to be aneuploid were chosen 

until no images were left (Figure 2A, with an example of a full exercise shown in 

Supplementary Figure 1). This was achieved through a series of “drag and drop” exercises, the 

user alternatively being encouraged to select the “best” and “poorest” embryo. Next, the user 

was encouraged to select “rank with ERICA” and then informed whether AI (ERICA) had 

previously assigned the embryos as “optimal” “good” “fair” or “poor.” The penultimate stage 

then encouraged the user to combine their prior judgment with ERICAs assessment and select 

an embryo for transfer (Figure 2B). In the final stage, the user was informed whether the 

embryo was euploid or aneuploid. If the former (euploid), the exercise ended for that cycle 

(with the message “well done, the embryo is euploid”), if the latter (aneuploid) then they 

were encouraged to select another embryo (with the message “the embryo is aneuploid, try 

again”) until a euploid one had been selected. Each cycle had at least one (but no more than 

2) euploid embryo(s) and 1-4 aneuploid embryos, with the number of euploid embryos in the 

case presented in the selection tool. 
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Outcome measures were as follows: 1) mean number of attempts to select a euploid embryo 

by the user alone without ERICA’s assistance amongst all cycles attempted with 1 being the 

best possible score; 2) the proportion of euploid embryos selected at the first try alone 

without ERICA’s assistance; 3) the rate of opinion change, measured as the proportion of 

cycles where, following ERICA’s assessment, the user decided to transfer an embryo that they 

did not originally select as their first choice; 4) the rate of opinion change for the better, 

measured as the proportion of opinion changes where the original selection was aneuploid 

but, after ERICA’s assessment, the user selected a euploid embryo; and 5) the rate of opinion 

change for worse, measured as the proportion of opinion changes where the original user 

selection was euploid but, after ERICA’s assessment, the user selected an aneuploid embryo.  

 

Finally, all users were triaged into three groups as follows: “junior embryologist” (less than 1 

year’s experience and less than 100 embryos assessed in their career); “intermediate level 

embryologist” (1-5 years’ experience and 100-600 embryos assessed); and “senior 

embryologist” (more than 5 years’ experience and more than 600 embryos assessed). Junior 

embryologists were all proficient at embryo assessments and transfers; intermediate 

embryologists were, in addition, proficient at cryopreservation and ICSI; senior embryologists 

were also proficient at performing embryo biopsy. Simulated, random, data was also created 

by running the selection tool with 30 “virtual, random” users performing the exercise, an 

average of 90 times with no selective judgement. Data were analysed using Kruskal-Wallis 

tests with, where appropriate, Dunn tests used for post hoc testing, in R version 4.2.2 (R Core 

Team, 2022) using RStudio (RStudio Team, 2020). 

 

Results 
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Comparison of the proportion of euploid embryos selected at the first try indicates that the 

groups differed (Figure 3A, Kruskal-Wallis chi-squared = 64.612, df = 2, p = 9.327e-15). Here, 

ERICA performed marginally better than the embryologists, and both ERICA and the 

embryologists performed better than randomly, selecting euploid embryos on the first try 52 

and 49% of the time, respectively, compared to 40% of the time for the randomiser (Figure 

3A). Similarly, analysis of the number of attempts to select a euploid embryo also indicated 

that the groups performed differently (Figure 3B, Kruskal-Wallis chi-squared = 36.091, df = 2, 

p = 1.455e-08), with the embryologists and ERICA again outperforming the randomiser. For 

this measure, the embryologists and ERICA needed an average of 1.77 and 1.73 attempts to 

reach a euploid conceptus respectively, compared to 1.91 for the randomiser. As expected, 

experienced embryologist performed marginally better than those less experienced (Figure 4) 

though these differences were not statistically significant for the proportion of euploid 

embryos selected at the first try or the number of attempts to select a euploid embryo 

(Kruskal-Wallis chi-squared = 0.16748, df = 2, p-value = 0.92 and Kruskal-Wallis chi-squared = 

1.4176, df = 2, p-value = 0.49, respectively).  

 

When presented with the assessment of the embryos from ERICA, a large proportion of all 

career stages of embryologists changed their decisions. Overall, 37, 38 and 41% of the 

advanced, intermediate and beginner’s decisions were altered with embryos not originally 

selected as the first choice picked for transfer with this rate of decision change not differing 

between groups (Figure 5A, Kruskal-Wallis chi-squared = 0.56986, df = 2, p-value = 0.7521). 

There was no difference between groups of embryologists in terms of picking a better or 

worse embryo (Figure 5B, Kruskal-Wallis chi-squared = 1.0682, df = 2, p-value = 0.5862 for the 

rate of decision change for the better, and Figure 5C, Kruskal-Wallis chi-squared = 0.80044, df 
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= 2, p-value = 0.6702 for the rate of decision change for the worse). The decision change data 

are however suggestive that advanced embryologists are less likely to change their decisions 

and any changes they do make are less likely to be for the worse, but the differences are not 

significant. 

 

Discussion 

In this study, we accept our hypothesis that both human operators and ERICA can differentiate 

euploid from aneuploid embryos significantly better than random. We provide evidence that 

ERICA is at least as good as embryologists, even the most experienced ones. We provide 

evidence that it performs better than all groups in terms of choosing a euploid embryo on the 

first attempt. Finally, we reject the hypothesis that experienced human judgement, 

augmented by AI (ERICA) is the superior approach compared to either alone as there was no 

significant “change for the better” compared to “change for the worse” and neither the 

number of attempts to find a euploid embryo, nor the proportion of occasions in which a 

euploid embryo was chosen on the first attempt. 

 

Clinical embryology is relatively unique as a medical laboratory profession in that has limited 

automation; it relies heavily on manual dexterity, teamwork and subjective judgment to 

produce optimum results (Campbell et al., 2022). Moreover, the role of the embryologist has 

become more complex in recent years, with additional duties and responsibilities including 

the increase of administrative duties, increased cryopreservation and embryo biopsies being 

performed more routinely (Choucair 2021, Rienzi et al 2021).  
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One potentially confounding factor that can affect AI protocols is that the morphokinetic 

annotations themselves are initially assigned humans and are thus subjective. Developing AI 

models to recognise abnormal karyokinetic (nuclear) and cytokinetic abnormalities (e.g. direct 

divisions 1–3, cell fusion etc.) will be necessary for optimal automatic annotation. Most 

studies have been performed on retrospective data under experimental settings and the 

clinical application of AI still requires prospective investigations. In studies using AI to predict 

embryo implantation potential on static or time lapse images, secondary factors such as 

laboratory conditions or other human factors have not been analysed, nor included in the 

models. Culture conditions and human expertise are important factors that influence embryo 

development and quality. These factors will need to be incorporated into the models to 

achieve a useful and objective prediction. In addition, we know that successful implantation 

and live birth depend on other factors not inherent to the embryo. Predicting implantation 

solely on embryo quality is an incomplete assessment. AI embryo prediction models should 

focus on ranking the embryos within the patient cohort rather than on implantation 

prediction. The variation in success rates among IVF centres and labs prevents the 

establishment of universal AI models for implantation prediction. 

 

While RCTs remain the gold standard in medical research (Grossman et al., 2005), their ability 

to fully assess AI’s impact in embryology is unclear. The lack of trials may slow adoption, as 

clinics weigh cost-benefit concerns. However, AI’s significant reduction in annotation time, 

highlighted in the recent RCT by Illingworth et al. (2024), suggests its value may lie in efficiency 

rather than clinical superiority. While larger trials are needed, AI’s speed advantage could 

drive its integration into fertility labs. 
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The question still remains however: how might AI predictions influence the decision-making 

process of clinical embryologists? The research herein presented sets out to quantify this with 

a simulation that uses embryos of known ploidy in a “game-like” scenario. This “gamification” 

whilst important to deduce how AI influences choice for embryo selection, it also acts as a 

training exercise, familiarizing the operator with the software that can be used in clinical 

settings and educating themselves to the dilemma of choice. 

 

We anticipate that other similar future publications will follow shortly, presenting new 

approaches aimed at embryo selection based on ploidy. These studies will perhaps target 

time-lapse sequences (Barnes 2020) and incorporate omics (Bori 2021), non-invasive 

chromosome screening tests (Chavez-Badiola 2020), as well as new AI approaches. Building 

high-quality datasets from diverse settings however, while managing hype (VerMilyea 2020b) 

and expectations are challenges that are ahead of us. Evidence appears to be accumulating in 

support of using AI for embryo selection: Loewke et al. (2022) conducted a retrospective study 

evaluating an AI model for ranking blastocyst-stage embryos. The study demonstrated using 

the performance metric “area under the curve” (AUC) that the AI model has the potential to 

improve clinical pregnancy predictions compared to manual morphology grading, although it 

also identified limitations related to image quality, bias, and granularity of scores that may 

impact clinical use. 

 

Recently, an international survey (Palmer et al., 2024), demonstrated that a significant 

majority of embryologists (93.7%) are well-informed about AI in the workplace. Moreover, 

despite recognizing its limitations, they are open to its adoption. Tools that support decision-

making could provide valuable assistance in daily tasks; most embryologists view the use of 
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AI in the laboratory as inevitable. They express a willingness to incorporate AI in the selection 

of gametes and embryos to enhance clinical outcomes. According to the survey, a significant 

majority (59.8%) of respondents believe AI should be integrated into routine lab procedures, 

and 73.3% are open to adopting AI technologies in the near future. However, this enthusiasm 

is tempered by a desire for more evidence of AI’s effectiveness, with only 5.4% of respondents 

feeling extremely confident in using AI in their roles, indicating a need for more training and 

experience. The gamification of such applications may be a way to increase uptake through 

familiarity and trust of such AI tools. 

 

To our knowledge, this is the first paper to utilize an app incorporating "simulated cycles" to 

compare embryologists' decisions with those of an AI algorithm. Trust will be a key factor if AI 

is to gain widespread adoption in IVF laboratories. Embracing technological advancements is 

essential as fertility clinics face increasing complexity and workload demands. This approach 

aligns with efforts to "democratize IVF," a vision promoted by advocates like Sable and 

coworkers, who argue that technology can significantly enhance accessibility and efficiency in 

the fertility sector (Saleh et al., 2023). Trust remains an issue to health professionals using AI 

(Tucci 2022). The lack of trust in the AI output balanced with the embryologists’ experience 

introduces challenges and barriers to adoption and implementation into clinical practice. To 

conduct extensive training on AI such as with tools such as ERICA X (the iOS/android mobile 

phone application that is a downloadable version of the clinic specific ERICA software) will 

help to understand the trust dynamics between AI and expert embryologist-end-users. Trust 

enables us manage uncertainty, especially in interactions with AI systems. Trust in AI, however, 

is shaped by human factors such as user education, biases, and perceptions, along with the 

system’s characteristics, like ease of use and transparency. Among these, reliability is critically 
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defined as the AI’s ability to perform tasks predictably and consistently, which significantly 

impacts user trust (Asan, 2020). 

 

Ethical considerations using AI also remain central to the field of embryology, with 45% of 

surveyed embryologists expressing at least some concern about these issues (Palmer et al., 

2024). The WHO, in a recent technical draft (WHO., March 21, 2024), echoes these concerns, 

addressing the potential risks and benefits associated with advancing technology in 

healthcare. This document underscores the need for caution to mitigate biases and minimize 

potential harms, particularly with the integration of AI and automated tools in clinical settings. 

As data-driven, automated systems become more integrated into decision-making, it is critical 

for users to understand when to rely on these tools and when human judgment should take 

precedence (Mozannar et al., 2021). In addition, in many places in the world, particularly the 

United States, concerns over potential litigation from patients may lead some clinics to store 

or utilize embryos purely and primarily due to competitive practices among fertility centres, 

as rival clinics may offer comparable embryo services, potentially opening the door to lawsuits 

(Kitts, 2023, Gulrajani, 2023). Standardised approaches, aided by AI may help democratise the 

decision-making process of when to store and when to use embryos. A further factor is 

operator fatigue: In another survey of US embryologists focussing on this issue (Murphy, 2022) 

it was shown that automation was quoted as one of the factors that embryologists feel will 

reduce fatigue and eliminate duplication. 

 

AI systems in medicine tend to be complex and unpredictable. They can lack evidence, be 

difficult to grasp, and the many uncertainties and risks related to their use, such as potential 

patient harm are often cited (ERPS, 2022). Although the media often portrays AI in medicine 
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with optimism, public opinion tends to be more cautious and even distrustful. This gap 

underscores the need for transdisciplinary training programs that integrate computer science 

with medical education (Yakar, 2022). Trustworthiness in AI systems is essential for their 

successful adoption in healthcare, and one effective approach to building this trust is through 

hands-on familiarity and training, as exemplified in this study. Here, through an interactive 

training tool, professionals learn to work harmoniously with AI-driven software. We present a 

means not only to introduce the concepts of AI in the IVF lab but to provide familiarity that 

would lead to better adoption of the tool in real life. Indeed, the interplay between AI and 

human decision-making merits further examination, ideally using a more extensive dataset to 

yield more comprehensive insights. Simply considering outside influence there may be 

“double guessing judgements” or “overthinking the embryological decision” leading to 

reduced clinical effectiveness and less potential. This has been seen in medicine when 

clinicians are influenced by peers (Bulls, 2024) or by being under review (Anderson 2021). 

Such metacognition, the ability to reflect on their thought process and choose an effective 

strategy, and self-efficacy have served embryologists well up to know. They are nonetheless 

being challenged by the advent of AI ranking tools.  

 

In clinical practice, embryologists consider additional contextual factors, such as embryo 

freezing dates and maternal age, when selecting embryos. These elements provide valuable 

insights that could enhance decision-making, especially across multiple IVF cycles. Future 

models incorporating such context may improve predictions and better reflect clinical 

complexity. This study focused on ranking embryos based on implantation potential, 

independent of patient-specific variables. By isolating morphological assessment and PGT-A 

results, it ensured rankings reflected intrinsic embryo quality. While AI models like ERICA may 
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have a positive bias in this task, integrating contextual variables could further enhance 

predictive accuracy and clinical relevance. 

 

While the study assumes a level playing field between embryologists and AI, we recognize 

that embryologists are accustomed to specific imaging formats and contrast lighting 

techniques unique to their clinic, which may influence their ability to assess unfamiliar images. 

Despite efforts to standardize images, differences in formats remain a potential confounding 

factor. Future research could explore clinic-specific imaging adaptations to refine 

comparisons. 

 

Additionally, we acknowledge that real-world embryo selection often involves limited choices, 

reducing decision-making complexity and potentially favouring AI. Future model iterations 

could integrate simpler scenarios to better reflect clinical reality. 

 

ERICA’s ability to generalize across datasets offers a clear advantage, yet embryologists rely on 

experience and pattern recognition. Expanding standardized training sets could help 

embryologists refine assessments beyond their own lab conditions, ensuring continued 

advancements in embryo selection. 

 

In conclusion, AI simulation training could play a valuable role in embryology, similar to its use 

in other fields like surgery (Park et al., 2022). By recreating real-life scenarios that can be 

endlessly repeated and refined, these medical simulations enhance skill development without 

replacing human expertise. Instead, they provide a controlled environment for operators to 
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practice and improve their techniques. Humans, like AI, will improve performance with 

greater exposure to more data. 

 

Embryologists must learn to interact effectively with AI systems to optimize outcomes in the 

same way as has been reported in other medical disciplines. A recent study by Goh et al. 

(2024) investigating decisions made by clinicians using AI enhanced large language models 

(LLMs) demonstrated that LLMs alone outperformed clinicians, even when working 

collaboratively. The study shows that improved interaction and understanding between 

human operators and AI systems are essential for achieving optimal performance, 

emphasizing the need for AI to function as a co-pilot alongside human expertise. In this study 

we present a means by which this may be achieved, integrating AI into the world of embryo 

selection. Combining ERICA with human intervention is a tool that has the potential to be both 

effective and popular, engendering trust and addressing issues such as fatigue, as well as 

several ethical challenges. It could cut down on overthinking and could alternatively 

encourage strategies for self-reflection.  
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Legends to figures: 

 

 

Figure 1: Synthetic cycle creation process. Shown schematically is the process by which the 

“cases” presented in the selection tool were created.  
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Figure 2. Examples of the selection tool. In the first selection step of each exercise (A), users 

are asked to assess the embryo images presented and to “drag and drop” the “best” embryo 

onto the selection box. In the final selection step (B), users are asked to select an embryo to 

transfer.   
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Figure 3: Embryologists and ERICA perform better than random. Box and whisker plots 

showing: A) the proportion of euploid embryos selected at the first try for embryologists, 

ERICA and the randomiser, with post hoc testing by Bonferroni corrected Dunn test indicating 

that ERICA outperforms both the embryologists and the randomiser (p = 0.002 and 

1.629793e-15, respectively), and that the embryologists outperform the randomiser (p = 

9.400497e-04); B) the number of attempts to select a euploid embryo for embryologists, 

ERICA and the randomiser, with post hoc testing by Bonferroni corrected Dunn test indicating 

that both the embryologists and ERICA outperform the randomiser (p = 2.952989e-04 and 

4.413281e-09, respectively), whilst there was no difference between the embryologists and 

ERICA (p = 0.44). 
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Figure 4: Experienced embryologists performed marginally better than those less 

experienced. Although these differences were not statistically significant Box and whisker 

plots showing A) proportion of euploid embryos selected at the first try and B) the number of 

attempts to select a euploid embryo (Kruskal-Wallis chi-squared = 0.16748, df = 2, p-value = 

0.92 and Kruskal-Wallis chi-squared = 1.4176, df = 2, p-value = 0.49, respectively). 
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Figure 5: Box and whisker plots showing decisions when presented with the assessment of 

the embryos from ERICA; a large proportion of all career stages of embryologists changed 

their decisions. (Figure 5A, Kruskal-Wallis chi-squared = 0.56986, df = 2, p-value = 0.7521). 

There was no difference between groups of embryologists in terms of picking a better or 

worse embryo (Figure 5B, Kruskal-Wallis chi-squared = 1.0682, df = 2, p-value = 0.5862 for the 

rate of decision change for the better, and Figure 5C, Kruskal-Wallis chi-squared = 0.80044, df 

= 2, p-value = 0.6702 for the rate of decision change for the worse). 

 

 

Supplementary figure 1. Schematic showing example images of all steps of the selection tool. 

Users are asked to alternatively select the “best” and “poorest” embryos until all presented 

images are ranked (A-D), users then have the option to see the ERICA ranking the presented 

images (E), are asked to select an embryo for transfer (F), and are then told if the embryo 

selected for transfer was euploid (G). 
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Key Message 

Embryologists and the AI tool “ERICA” identified aneuploid embryos better than random. 

ERICA outperformed human judgement choosing a euploid embryo on first attempt, human 

judgement augmented by ERICA, is not apparently a superior approach compared to either 

alone. Integrating AI for embryo selection, impacts critical issues surrounding trust and 

practice. 
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