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Objective
To develop a deep learning (DL)-model using convolutional neural networks (CNN) to automatically identify the fetal head position at transperineal
ultrasound in the second stage of labor.

Methods

Prospective, multicenter study including singleton, term, cephalic pregnancies in the second stage of labor. We assessed the fetal head position using
transabdominal ultrasound and subsequently, obtained an image of the fetal head on the axial plane using transperineal ultrasound and labeled it
according to the transabdominal ultrasound findings. The ultrasound images were randomly allocated into the three datasets containing a similar
proportion of images of each subtype of fetal head position (occiput anterior, posterior, right and left transverse): the training dataset included 70%,
the validation dataset 15%, and the testing dataset 15% of the acquired images. The pre-trained ResNet18 model was employed as a foundational
framework for feature extraction and classification. CNN1 was trained to differentiate between occiput anterior (OA) and non-OA positions, CNN2
classified fetal head malpositions into occiput posterior (OP) or occiput transverse (OT) position, and CNN3 classified the remaining images as right or
left OT. The DL-model was constructed using three convolutional neural networks (CNN) working simultaneously for the classification of fetal head
positions. The performance of the algorithm was evaluated in terms of accuracy, sensitivity, specificity, F1-score and Cohen’s kappa.

Results

Between February 2018 and May 2023, 2154 transperineal images were included from eligible participants across 16 collaborating centers. The
overall performance of the model for the classification of the fetal head position in the axial plane at transperineal ultrasound was excellent, with an of
94.5% (95% Cl 92.0 -97.0), a sensitivity of 95.6% (95% CI 96.8 - 100.0), a specificity of 91.2% (95% CI 87.3 - 95.1), a F1-score of 0.92 and a Cohen’s
kappa of 0.90. The best performance was achieved by the CNN1 — OA position vs fetal head malpositions — with an accuracy of 98.3% (95% CI 96.9
- 99.7), followed by CNN2 - OP vs OT positions — with an accuracy of 93.9% (95% CI 89.6 - 98.2), and finally, CNN3 - right vs left OT position — with
an accuracy of 91.3% (95% CI1 83.5 - 99.1).

Conclusion

We have developed a DL-model capable of assessing fetal head position using transperineal ultrasound during the second stage of labor with an
excellent overall accuracy. Future studies should validate our DL model using larger datasets and real-time patients before introducing it into routine
clinical practice.
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