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Lung segmentation in 3D CT images from induced Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome (ARDS) has a mortality between 40% and 50% in adults. Its management relies on mechanical ventilation to support the respiration. However, it is estimated that 25% of the deaths might be avoided with parameter setting of the ventilation better adapted to the particular patients. A new medical research study, using an animal model (piglets) with ARDS induced, aims to analyze the response of the lung to mechanical ventilation. The study uses Computed Tomography (CT) images to quantify the aeration. This task requires the delineation of the lung in the images. However, in the case of ARDS, this delineation is hindered by the reduced contrast between lung and surrounding structures. In this work, a method to segment lungs in CT images for this study is presented. The method uses automatic lung segmentation in the most contrasted image, combined with a cascade registration -transformation process. Lung segmentations were compared to manual masks traced by an expert. An average dice score of 0.947 for the whole set of 381 images was obtained.

I. INTRODUCTION

ARDS is defined as intense pulmonary inflammation and hyper-permeability caused by different parenchyma aggressions that can be related to a set of clinical, radiological and physiological manifestations [START_REF] Bernard | Report of the American-European consensus conference on ARDS: definitions, mechanisms, relevant outcomes and clinical trial coordination[END_REF]. Its treatment requires mechanical ventilation to support the respiration process. However, this procedure can aggravate the lung injury if ventilation parameters are not adapted to the patient.

A new medical research study started by the team of Réanimation Médicale, Hôpital de la Croix-Rousse, Lyon, France, aims to study the response of the lung to mechanical ventilation. The study uses CT 3D images in order to quantify the aeration inside the lung. This needs a previous delimittation of the lung which can be a hard task in the presence of the syndrome. Due to the increased density of the parenchyma in the presence of ARDS, the frontiers between lung and exterior are erased. Consequently, traditional lung segmentation methods are not suited for those images.
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II. METHOD

The method takes advantage of the acquisition protocol of the medical research study. The protocol is divided in two trials of ventilation conditions. Each ventilation condition is a combination of tidal volume V and positive end-expiration pressure P . For each ventilation condition an image is acquired. The image with the highest pressure 

III. RESULTS

A total of 11 piglets were used (381 images). Lung masks manually traced by an expert were used as gold standard. The mean dice similarity score between the lung segmentations and the gold standard was 0.947.

IV. CONCLUSIONS

The proposed method automatically segments the lungs in different mechanical ventilation conditions in an animal model with ARDS induced. The results present a high agreement with lung manual masks.

  so its segmentation is the least challenging and can be done either manually or automatically. Then, a registration process is started. Beginning with a trial of decreasing pressure and constant volume k V , The same process is used in an increasing volume and constant pressure r P trial until the maximum volume image MAX r ,V P I is reached. Here, the starting image is taken from the precedent trial and is the one that has the closest pressure to r P . Once all the images are registered, an initial lung segmentation carried out in k MAX ,V P I is transformed to the other images, using the deformation fields found in the registration process.
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