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Can human blastocyst evaluation be fully automated with time-lapse imaging and artificial intelligence
(AI) to provide similar or improved morphological grades compared to experienced embryologists?

AI performed better than embryologists on inner cell mass (ICM) and trophectoderm (TE) grading and
provided better implantation rates for the highest graded embryo groups.

Blastocyst morphology grading is the most commonly used criteria for embryo selection, although
subjective and prone to both inter- and intra-observer variances. Different automated approaches have
been proposed to predict blastocyst quality from static images, acquired at a fixed time after fertilisation.
These approaches are deterministic and thus ensure consistent annotations. However, due to the
dynamic nature of embryo development, evaluation at a fixed time may easily be affected by slow
blastocyst formation, collapses, and hatching. Today, no automated methods for morphological
blastocyst grading have been proposed to address this issue by leveraging the temporal information
available with time-lapse.

7438 human embryos from 4 different fertility clinics were recorded with time-lapse imaging. ICM and TE
were graded by experienced embryologists according to the Gardner blastocyst scoring system. For AI
development, the dataset was split into training (80%), validation (10%), and testing (10%). Furthermore, a
second, independent test set of 55 embryos was graded by multiple experienced embryologists,
allowing comparison of the embryologist´s majority votes vs. AI performance.

A convolutional neural network (CNN) was trained to jointly predict ICM and TE grades (A,B, or C) from
static blastocyst images with 3 focal planes (fixed method). A recurrent neural network (RNN) was then
trained on the same task using the CNN outputs from a sequence of time-lapse images ranging from
time of blastocyst formation to time of maximum blastocyst size (dynamic method).
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On static images acquired at 110 hours after fertilisation, the fixed method achieved accuracies of 59.2%
and 56.8% on ICM and TE predictions, respectively, when evaluating against single embryologist
annotations in the first test set. Using sequences of time-lapse images, on the other hand, the dynamic
method achieved higher accuracies of 66.9% and 70.8% on ICM and TE predictions, respectively.
Furthermore, only 1.9% and 1.5% of the examples had A-C or C-A disagreements with the embryologists
on ICM and TE, respectively. On the second test set with multiple annotators, leave-one-annotator-out
cross-validation was applied to allow comparison of embryologist vs. AI performance. Here, AI achieved
average ICM and TE accuracies of 72.7% and 75.6%, whereas average embryologist accuracies were
65.1% and 73.8%. When evaluating the AI against outcome data (fetal heartbeat) on the first test set, the AI
had an implantation rate of 46.0% for top quality blastocysts (ICM/TE: A/A; n = 100) and 34.4% for good
quality blastocysts (ICM/TE: A/B, B/A, B/B; n = 131). For embryologists, the same implantation rates were
44.6% (n = 112) and 30.7% (n = 127).

Our results suggest the AI to be at least on level with individual embryologist annotations of both ICM
and TE. However, more data from multiple annotators are needed to determine superiority.

Automated blastocyst grading using AI is consistent, faster, labour saving, and potentially more accurate
than the equivalent annotations from human embryologists. The proposed AI applies the widely used
Gardner scoring system and can therefore help embryologists in their daily annotations without
introducing new parameters or requiring new implantation models.
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