Highlighting nerves and blood vessels for ultrasound guided axillary
nerve block procedures using neural networks
Erik Smistada,b,* , Kaj Fredrik Johansenc , Daniel Høyer Iversena,b , Ingerid Reinertsena
a

SINTEF Medical Technology, Olav Kyrres gate 9, 7030, Trondheim, Norway.
Dept. of Circulation and Medical Imaging, Norwegian University of Science and Technology, Trondheim, Norway.
c
St. Olavs Hospital, Trondheim, Norway.
b

Abstract. Ultrasound images acquired during axillary nerve block procedures can be difficult to interpret. Highlighting the important structures, such as nerves and blood vessels, may be useful for the training of inexperienced users.
A deep convolutional neural network was used to identify the musculocutaneous, median, ulnar and radial nerves,
as well as the blood vessels in ultrasound images. A dataset of 49 subjects was collected and used for training and
evaluation of the neural network. Several image augmentations such as rotation, elastic deformation, shadows and
horizontal flipping were tested. The neural network was evaluated using cross validation. The results showed that the
blood vessels were the easiest to detect with a precision and recall above 0.8. Among the nerves, the median and ulnar
nerves were the easiest to detect with an F-score of 0.73 and 0.62. The radial nerve was the hardest to detect with an
F-score of 0.39. Image augmentations proved effective increasing F-score by as much as 0.13. A Wilcoxon signedrank test showed that the improvement from rotation, shadow and elastic deformation augmentations were significant
and the combination of all augmentations gave the best result. The results are promising, however there is more work
to be done, as the precision and recall is still too low. A larger dataset is most likely needed to improve accuracy, in
combination with anatomical and temporal models.
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1 Introduction
Ultrasound guided axillary nerve blocks are used for local anesthesia of the arm as an alternative
to general anesthesia. Ultrasound imaging is used to find the target nerves and the surrounding
blood vessels. Local anesthetics are administered using a needle, which is usually visualized in
the ultrasound image plane. The ultrasound images of these procedures can be difficult to interpret, especially for inexperienced users. Worm et al.1 concluded in their study that ultrasoundguided regional anesthesia education focusing on still ultrasound images is not sufficient, while
ultrasound videos and graphical enhancers may help students learn how to identify nerves in ultrasound. Wegener et al.2 did an experiment with 35 novice subjects, who had performed less than
30 ultrasound guided nerve blocks, on identification of nerves and related structures in ultrasound
of several locations, including the axillary nerve block region. They observed that after a basic
training course, one group of the participants failed to identify more than half of the anatomical
structures, while the other group, which received an additional tutorial, failed to identify 1/3 of the
structures. These low identification scores of novices indicate that there is a need for better training
tools.
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