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Introduction

Pulmonary (Lung) disease

Bt
PR

X Local to the lungs: Pneumonia, COPD, Lung Cancer.

X Manifesting themselves in the lungs: Kidney Disease, Tuberculosis, COVID-19.
CHIL X Causes death of +100.000 people/year in the UK.
s X Somebody dies due to pulmonary diseases in the UK in every 5 minutes.

X The 3™ common death reason in the UK.

Introduction

(FC: nih.gov)
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Introduction

Lung Ultrasound and Line Artefacts

(AL
@ X Lung ultrasound (LUS) can help in assessing the fluid status of patients in intensive care

X LUS can be conducted rapidly and repeatably at the bedside, can reduce the need for CT
CHU scans (shorter delays, lower irradiation levels and cost)

T X The common feature in all clinical conditions is the presence in LUS of a variety of line
artefacts (e.g., pleural, A, B-lines).

Introduction

(Karakus et al., IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency Control, 2020)
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The Proposed Algorithm
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Vé The Proposed Algorithm
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Image Formation

Bt
PR

Forward Model

X Radon transform of a LUS image
CHU X Speckle noise ¥ False peaks resulting from collinear noisy edge points

de Toulouse

LUS Image
Formation

X Solution: Exploiting the fact ¥ a small number of lines are to be detected

3 = [ s

LUS image C:inv. Radon Tr.  Additive Noise

X X is sparse Radon information.
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Image Formation

Inverse Problem

X Recalling the forward imaging model,

k:argmxin FX)= (Y;CX)+ (X)

X Under the assumption of an i.i.d Gaussian noise,

kY CXK3
(Y;CX) = ?2
X Based on the prior density p(X), the problem of estimating X
_ kY CXKZ
K=agmn =55 | ogp(q

the penalty function, (X)
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Cauchy Proximal Splitting

Non-convex Cauchy-based Penalty

X The Cauchy distribution ¥ Prior Density (to promote sparsity)
p(X) 7/ 2 xz (4)
X By replacing p(X) with the Cauchy prior, we obtain
- ky  Axk
Rcaucny = arg i % log Y] : (5)
The Cauchy Proximal Splitting algorithm:
Y el € T(Cx(i) Y); (6)
XD proxCAUCHY(U?; ; ): @)

Thanks to PROXCAUCHY( ) ¥ Convergence is guaranteed'.

To. Karakus et. al., "Convergence Guarantees for Non-Convex Optimisation With Cauchy-Based Penalties,” in IEEE Trans. Signal Process., (68), 6159-6170, 2020
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Line Artefacts Detection Algorithm
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Step 4) Pre-processing for Line
Detection

Step 1) Image Sequence to Image(s)

Pl Line

CHU
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Step 6) B-line(s) Detection Step 5) Pleural Line Detection

Step 7) Validation

Line Artefacts
Detection

Figure: Schematic view of the proposed line artefact detection algorithm.
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Experimental
Analysis
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Evaluation on COVID-19 Patients

tection Results

Original
images

Ground
truth

Proposed
method
(Karakus et
al, IEEE
TUFFC'20)

[Anantrasirichai
etal, IEEE
T™MI'17]

COVID-19 LUS data and annotations have been provided by Prof. Stein Silva and Dr. Amazigh Aguersif (Service de Réanimation, CHU Purpan, Toulouse, France).
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