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Abstract

Quantification of viable left atrial (LA) tissue is a
reliable information which should be used to support
therapy selection in atrial fibrillation (AF) patients. Late
gadolinium-enhanced magnetic resonance imaging
(LGE-MRI) is employed for the non-invasive assessment
of LA fibrotic tissue. Unfortunately, the analysis of LGE-
MRI relies on manual tracing of LA boundaries. This task
is time-consuming and prone to high inter-observer
variability due to several reasons including the different
degrees of observers’ experience, LA wall thickness and
data resolution. Therefore, an automatic approach for LA
wall detection would be very helpful. In this study, we
compared the performance of different deep architectures
— U-Net and attention U-Net (AttnU-Net) — and different
loss functions - Dice loss (DL) and focal Tversky loss
(FTL) to automatically detect LA boundaries from LGE-
MRI data. In addition, AttnU-Net was trained without
deep supervision (DS) and multi-scale inputs (MI), with
DS and with DS+MI. No statistically significant
differences were found training the networks with DL or
FTL. U-Net was the best-performing algorithm overall,
outperforming significantly AttnU-Net with a Dice
Coefficient of 0.9015+£0.0308 (mean + standard
deviation). However, no significant differences were
found between U-Net and AttnU-Net DS/DS+MI. Based
on these results, using a DL or FTL does not affect the
segmentation performance and U-Net provides the best
performance to detect LA boundaries from LGE-MRI;
lastly, accurate and similar LA boundaries to U-Net can
be obtained using AttnU-Net with DS and AttnU-Net with
DS+MI.
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1. Introduction
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Figure 1: Schematization of the architectures. Feature maps are represented as gray and white boxes (AG outputs). Blue dashed
boxes represent concatenation operators. Black arrows denote 3x3 convolution + batch normalization + ReLU non-linearity, red
arrows 2x2 max pooling, blue arrows 2x2 transposed convolution, black dashed arrows skip connection and yellow arrows 1x1
convolution + sigmoid non-linearity. From the scheme reported in the figure, the U-Net architecture result without considering
MS, DS and AGs, AttnU-Net without considering MS and DS and AttnU-Net+DS without considering MS. Lastly, the whole

scheme corresponds to AttnU-Net+DS+MIL.
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2. Methods
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2.2. Two-stage segmentation approach
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2.2.  Optimization
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3. Results
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Table 1. DC scored with the 4 different architectures trained
with the FTL and DL. *p<0.05, Wilcoxon signed-rank test
corrected for multiple comparison.

"'$30m138=311! SD! -1D!
U-Net 0.9015+0.0308 0.8941+0.0444
AttnU-Net W:_ VWTEW:WQBSj! W:_ QQiW:WH_Tj!
AttnU-Net+DS ~ W:_V_QiW:WT8Q!  W:_VBHiW:WH_V!
AttnU- W:_VZQiW:WHBH!  W: VHB8iW:WH8B!
Net+DS+MI

!
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3. Discussion and conclusion
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Figure 2: Example of the detected LA boundaries in one mid LA slice applying the different architectures (blue: reference

contours; a: U-net; b: AttnU-Net; c: AttnU-Net+DS; d: AttnU-Net+DS+MI).
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