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(FEX) 18—V
Algorithm Development for Predicting Fertility Treatment Outcomes from Sperm Morphological Features using

NanoSuit Method

We developed an automated sperm head recognition and extraction system using the YOLOvVS deep learning model. This
system recognizes sperm heads with 95% accuracy and automates quantitative evaluation of area, circularity, and acrosome
percentage, establishing a unified objective evaluation method.

Using detailed analysis of sperm surface microstructures via field emission scanning electron microscopy (FE-SEM) with
the NanoSuit method, we discovered that the equatorial segment on sperm head surfaces is involved in IVF fertilization
rates. While this structure plays important roles in sperm-egg binding and egg activation, conventional electron microscopy
made detailed evaluation difficult due to fixation-induced structural changes. The NanoSuit method enabled detailed
observation in living conditions, revealing that equatorial segment visualization rates strongly correlated with IVF
outcomes.

Based on these findings, we examined equatorial segment evaluation using light microscopy. Analysis of 253 IVF cases
showed that median percentages of sperm with confirmed equatorial segments were 4.3% and 3.6% for electron and light
microscopy, respectively (correlation coefficient: 0.55). Since light microscopy observation proved feasible, general fertility
clinics without expensive electron microscopy equipment can now objectively evaluate sperm fertilization capacity within
routine testing.

Clinical outcome analysis revealed that the group with a high proportion of equatorial segments on sperm head surfaces
(=5.5%) showed significantly higher fertilization rates compared to the group with a low proportion (<2.3%) (73.3% vs
56.0%, p=0.00017). These results demonstrate that sperm microstructures, which play important roles in sperm-egg binding
and egg activation, serve as objective indicators of fertilization capacity.

To predict male infertility from sperm morphology including equatorial segments, we constructed an anomaly detection
model using One-Class SVM. The developed machine learning model achieved a positive predictive value of 71% in
detecting low fertilization cases (IVF fertilization rate <50%), realizing improved diagnostic accuracy compared to

conventional predictions based on male age and sperm motility (positive predictive value 12%).

Development of Round Spermatid Identification Algorithm from TESE-derived Cell Populations

For technology development to diagnose the presence or absence of haploid round spermatids in TESE specimens from
non-obstructive azoospermia patients, we constructed an analysis system using autoencoders. Using specimens with X, Y,
and chromosome 18 karyotypes identified by FISH (diploid: 93 cells, haploid: 157 cells), we performed autoencoder
analysis based on morphological images of diploid cells as reference. As a result, the mean squared error (MSE) was
0.0040£0.0032 for diploid cells and 0.0059+0.0027 for haploid cells, showing a significant difference between groups
(p=0.006). By setting an optimal cutoff value (MSE=0.0048) through logistic regression analysis, we achieved moderate
accuracy with an AUC value of 0.75. When cells with MSE values above this cutoff were determined to be haploid cells,
63% were haploid cells while 15% were diploid cells.

This system enables objective evaluation of spermatogenesis progression, which was previously difficult, and establishes a
foundation as a support tool for treatment decision-making. Particularly, the ability to objectively determine the presence of
treatable cells in severe azoospermia patients who were previously considered unsuitable for continued treatment has

important significance for expanding patient treatment options.



