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Abstract

Background: Cardiovascular disease is one of the
most common causes of death in the world. Car-
diovascular risk is often assessed by analyzing pa-
rameters extracted from image data taken from
different parts of the heart. Transthoracic echocar-
diography is a non-invasive imaging modality that
is usually the first step of diagnosis procedure. Ex-
tracting more information from epical and para-
sternal views can lead the doctor to early diagnosis.
The examination analysis, although has a valuable
role, relies on the operator experience. To have a
more standard analysis, it is important to reduce
the variability of the examination analysis. Auto-
matic image analysis, which is very helpful in this
context, can be implemented in image segmenta-
tion, parameter measurement, and even diagnosis
levels. Left atrial measurements (mostly the atrial
volume) are strong predictors of cardiac events. El-
evated atrial pressure or increased flow can lead to
atrial enlargement. There is evidence that patients
with high left atrial volume are at risk of ischemic
stroke, heart failure, and atrial fibrillation.

Objectives: The purpose of this paper was to con-
duct automatic segmentation of left atrium in
four-chamber view images to make measurements
reliable and independent from expert experience.
Generally, most methods of automatic segmenta-
tion are based on image processing algorithms that
are sometimes too complicated and less accurate.
Deep learning models have been widely used in
different computer vision areas. These models are
mathematically simple and are proven to have bet-
ter accuracy in computer vision problems. Accord-
ingly, we used one of the famous neural network
structures named Unet for left atrium segmentation
in2D echocardiography. Comparing the trained net-
work’s results with the ground truth segmentations
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made by experts, we showed that neural networks
were strong choices for automation.

Methods: The dataset used in this research was the
public echocardiography image dataset published
in CAMUS (Cardiac Acquisitions for Multi-structure
Ultrasound Segmentation) Challenge. The data in-
cluded four-chamber view end-systole and end-dias-
tole frames from 450 patients. Unet is a kind of pyra-
midal network with encoding and decoding paths.
The encoder or contraction path was used to cap-
ture the context and features in the image. The sec-
ond path was the symmetric expanding or decoder
path that was used to enable precise localization.
The whole task of the network was to classify each
pixel in the image to the background or left atrium
classes. The loss function in the learning procedure
was defined as the Dice coefficient, which depicted
the ratio of the number of pixels that were correctly
classified. For comparing the method with experts,
five-fold cross-validation was used. Each time, 10% of
the dataset was used as a test set and 90% as a train
set. In the training step, the network learned the
train set annotations and in the testing procedure,
the performance of the trained network was evalu-
ated based on its predictions on the test set. Dice
coefficient, Hausdorff distance, and mean absolute
distance (MAD) were used to evaluate the accuracy
of the method in echocardiography images.

Results: The calculated metrics were dice coefficient
of 91.17%, Hausdorff distance of 3.31, and MAD of 0.71
for the train set and dice coefficient of 88.14%, Haus-
dorff distance of 4.75,and MAD of 1.67 for the test set.

Conclusion: We showed that using Unet architec-
ture in four-chamber view echocardiography im-
ages for bordering left atrium can be a powerful
alternative to remove the variability between differ-
ent experts. Evaluation metrics analysis proved that
we can rely on the method predictions and have a
more accurate shape of the left atrium for further
analysis and measurements such as volume and
other features measurement.
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