
40https://e-kcj.org

Intravascular ultrasound (IVUS) is a cornerstone of interventional cardiology, providing 
high-resolution vascular images for the diagnosis of coronary artery disease. However, 
the traditional approach to interpreting these images has been both time-consuming and 
highly dependent on the expertise of medical professionals. Various efforts have been made 
to reduce this reliance on experts, using traditional methods such as computer vision and 
image processing with an accuracy of 0.30 mm error in segmented lumen and 0.22 mm error 
in segmented media.1) However, these methods largely depend on a specific algorithm with 
thresholds to segment images, which becomes difficult when the image contains various 
artifacts such as bifurcations, shadows, and side branches. Recent advances in artificial 
intelligence (AI), especially deep learning, hold great promise for objectively and quickly 
diagnosing IVUS findings and improving interventional outcomes.

The significance of this study is that it validates the convolutional neural network (CNN) 
model by creating a new IVUS dataset benchmark in patients with coronary artery disease.2) 
A total of 1,063 cases were divided into training and test sets. Finally, an independent dataset 
of 111 IVUS pullbacks was utilized to evaluate the vessel-level performance. Efficient-UNet 
was used for the automatic segmentation of IVUS images. Agreement between the derived 
model and expert-measured minimum lumen area and plaque volume was comparable with 
expert agreement (r=0.92 and 0.95, respectively). Segmentation and analysis time was also 
significantly reduced.

The major breakthrough in the application of deep learning to image processing began with 
the ImageNet competition in 2012 when the AlexNet model won with a significantly lower 
error rate.3) Since then, fully convolutional networks (FCNs) have been developed and applied 
not only to image classification tasks but also to semantic segmentation. One of the first 
studies to apply FCNs to semantic segmentation for IVUS images was by Yang et al.,4) called 
IVUS-Net. IVUS-Net can provide results very quickly, in as little as 0.15 seconds, and according 
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to the Jaccard measure, it achieves results that are 4% to 8% better than existing methods 
for the lumen and media region. However, the IVUS-Net model has difficulties with IVUS 
images containing various artifacts because it was trained on a small dataset, and the authors 
limited it to lumen and vessel segmentation only. This raises the need for a more advanced 
deep learning model, which requires extensive training on different datasets to ensure its 
generalizability. At the same time, the segmentation also needs to become more general with 
regions such as external elastic membrane (EEM), lumen, and plaque. In 2021, Nishi et al.5) 
applied a state-of-the-art CNN architecture called Deeplabv3 to improve the above problems. 
They achieved certain results where they were able to delineate the shape of the stent, lumen, 
and vessel area with the highest correlation coefficient of 0.98 for the lumen area. However, 
Nishi et al.6) only stop at the frame level without analyzing the accuracy at the vessel level; in 
addition, Deeplabv3 may not be the most efficient architecture in terms of computational and 
memory requirements. In this study,2) the authors tried to solve the remaining problems using 
EfficientNet-B2 as a backbone based on U-net architecture. This architecture has already been 
proposed in other papers but is slightly different in that it adds some new structures.6) Using 
this model, the authors were able to outline the structure of a vessel not only at the frame level 
but also at the vessel level, providing access to cross-sectional and volumetric parameters for 
a better understanding of vessel structure and prognosis. The results show that the model 
proposed by the authors gives better results than previous studies according to the DSCs score 
(0.93±0.05 and 0.97±0.03 for lumen and EEM segmentation, respectively).

This study2) supports the idea of on-site AI-assisted IVUS assessment with an accuracy 
comparable to manual annotation. However, there are some limitations to this study as 
it is based only on internal data and excludes poor-quality images, which is unavoidable 
in practice. Further validation studies on multi-center datasets are needed to improve the 
generalizability and reliability of machine learning models. Furthermore, this model is only 
trained on the 40 Mhz dataset, and the IVUS images in this data are only naive coronary 
artery disease without a stent area.

Recently, the utility of non-invasive fractional flow reserve as a treatment decision tool for 
cardiovascular diseases has been highlighted, and researchers have been developing auto-
segmentation of intravascular or non-invasive imaging data as a preliminary step.7-9) While 
diagnostics using deep learning have the advantage of being faster and more objective than 
traditional methods used by human experts, there are concerns that they can be somewhat 
inaccurate.10) Therefore, it is important to carefully interpret the performance of models developed 
to date, acknowledge their limitations, and improve them before applying them to clinical studies. 
We hope the authors can extend the model to a multi-center, multi-frequency IVUS dataset with 
segmentation for stents in coronary lesions to make the model more complete. Ultimately, IVUS 
automated segmentation techniques using machine learning have the potential to play a major 
role in improving treatment decisions and prognosis of coronary plaque.
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