A

ISSN: 2096-3246
Volume 54, Issue 03, August, 2022

A Review On CXR Medical Image Processing

With Deep Learning

Syed Mohammed Shafi' and Sathiya Kumar C2

School of Computer Science and Engineering, Vellore Institute of Technology,

Vellore, Tamil Nadu, India — 632014.1

School of Computer Science and Engineering, Vellore Institute of Technology,

Vellore, Tamil Nadu, India — 632014.2 s

CrossMark

Keywords:
Chest X-ray, Medical image
analysis,DeepLearning.

ABSTRACT

To extracting information from chest X-ray data, Deep Learning models
have demonstrated exceptional performance and numerous benefits,
thanks to more powerful computer resources and improved training
methodologies. This is one of the most common imaging tests, and the
expanding demand for it is reflected in radiologists' increased workload.
As a consequence, computer-aided diagnostic tools in the healthcare
business would be advantageous since they would enable clinicians to
prioritise certain tests and further identify possible ailments. No
publication has particularly examined relevant work on anomaly
identification and multi-label thoracic pathology categorization in the
literature to the authors' knowledge. For the sake of comparison, the top
chest X-ray-based deep learning algorithms have been chosen for this
study. Recent advances in deep learning technology have enhanced the
performance of a variety of medical image analysis tasks. Because chest
radiographs are the most often performed radiological exam and have a
broad variety of applications that have been studied, they are a
particularly important modality. The public release of several large chest
X-ray datasets has sparked academics' interest in recent years. There are
extensive explanations of all publicly available datasets as well as
descriptions of commercial solutions that are currently in use in the field.
"Chest X-ray image classification is a strongly disputed issue in the
realm of medical image analysis and computer-aided diagnostics for
radiology”. "The major goal of this project is to improve the quality and
efficiency of radiologists' work by creating and deploying an automated
technique for recognising and categorising diseases". “This study aims to
improve existing surveys by concentrating on chest X-ray image
classification approaches that use machine learning methods, employing
chest X-ray image classification techniques based on machine learning
methods”. At the start, a quick introduction to data mining is given, as
well as a basic comprehension of medical image processing and chest
radiography.

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0
BY ND International License.

1. INTRODUCTION

Pneumonia is one of the leading causes of death in both children and the elderly, with an annual death rate of
nearly 4 million. It may be caused by a viral, bacterial, or fungal infection that affects the small air sacs
(Alveoli) in the lungs, depending on the pathogen. If the illness is not diagnosed and treated quickly enough,
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patients with underlying illnesses such as asthma, patients with a damaged immune system, unwellnewborns,
and elderly patients on ventilators may face a life-threatening situation. "To diagnose pneumonia in clinics,
imaging modalities such as magnetic resonance imaging (MRI), computed tomography (CT), and computed
tomography (CT) are utilized (CT)". Because of its low cost and accessibility, CXR is the most extensively
used technology for identifying pneumonia all over the world. Even for highly experienced radiologists,
detecting pneumonia from chest radiographs may be challenging since the pictures show opacities that are
comparable to those of other lung abnormalities such as lung cancer and excess fluid [1]. As a consequence,
standard CXR-based pneumonia detection is time-consuming and unreliable, potentially delaying disease
diagnosis and treatment. "Given the growing demand for early pneumonia detection, the widespread use of
CT scans, and the difficulty in interpreting these images, the authors believe that computer-aided detection
(CAD) systems represent a promising approach for automated detection that can assist physicians in
overcoming the problems mentioned above and improving detection accuracy in a clinical setting”. "When
using CAD systems, image preprocessing, extraction of regions of interest (ROI) and related features, and
feature-based classification of the disease are all typical procedures”. This paves the way for rapid
advancements in machine learning [2].

"Chest radiography has been a cornerstone of radiological imaging for decades, and it remains the most
regularly done radiological exam in the world, with the United States and other industrialised nations
reporting an average of 238 erect-view chest X-ray pictures per 1000 of population each year". "According to
estimates, 129 million CXR photographs were taken". "The demand for and availability of CXR images has
increased because to the low radiation dose and cost-effectiveness of CXR images, as well as their acceptable
sensitivity to a wide variety of disorders”. "The CXR is often the first imaging examination conducted, and it
is still useful for screening, diagnosing, and treating a broad range of illnesses. Posteroanterior,
anteroposterior, and lateral are the three types of chest X-rays that may be recognised depending on the
patient's position and orientation in regard to the X-ray source and detector panel”. As a result, the patient's
posteroanterior (PA) and anteroposterior (AP) perspectives are referred to as frontal views. The AP image is
usually taken from patients who are laying down, while the PA image is often taken from patients who are
standing. "A lateral image is taken in combination with a PA image and projects the X-ray from one side of
the patient to the other, usually from right to left. The interpretation of the chest radiograph may be
problematic due to the superimposition of anatomical characteristics along the projection path". This
influence might make detecting abnormalities in particular locations, detecting minor or subtle abnormalities,
and precisely distinguishing between various disease patterns more challenging [3]. The National Institutes of
Health later made the ChestX-ray accessible (NIH). After some time, this dataset was enlarged to include six
additional categories, resulting in the establishment of ChestX-ray, which increased the total number of
frontal CXR photographs. This version, in contrast to the previous one, is thought to be more representative of
patient distributions and diagnoses than the previous one. In addition to detecting the presence of 12
pathology-related classes, chestX-ray also identifies medical support devices and fractures, which are all
recorded in radiology reports that were made accessible with the images [4].
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Figure 1: Eight Common Thoracic Diseases Observed in Chest X-ray

The Chest X-Ray (CXR) is one of the most widely requested noninvasive medical imaging tests by healthcare
practitioners to evaluate the existence of thoracic illnesses in the population due to its low cost and
noninvasive nature. However, even for highly experienced radiologists, a thorough review of CXR images
takes a long time, and their interpretation might be problematic. This is why using computer-aided diagnostic
tools in hospitals is a viable alternative for improving the productivity and efficiency of test interpretation by
providing a second pair of eyes to review the data. Deep Learning (DL) based methods have been selected
over traditional machine learning approaches to assess a number of thoracic disorders as a consequence of
advances in computing power and increasing availability of medical datasets. DL has shown to be particularly
successful for multi-disease detection and classification tasks utilising data-driven techniques, acting as a
good preliminary diagnostic tool that reduces physician load. Before a diagnosis can be made, a CXR-based
computer-aided diagnostic system must go through many steps. Abnormality detection, which focuses on
prioritising the most urgent abnormal situations, is one of the most important of these procedures. The
inclusion of another crucial function, namely the identification of pathologies present in the examination
under evaluation, might improve this step even more. In this scenario, a multi-label thoracic pathology
classification approach is required, since more than one label may be present in the same image or patient.

2. REVIEW OF LITERATURE

Medical Image Analysis in Chest Radiography

Posteroanterior, anteroposterior, and lateral are the three types of chest X-rays that may be
recognised depending on the patient's position and orientation in regard to the X-ray source and
detector panel. As a result, the patient's posteroanterior (PA) and anteroposterior (AP) perspectives
are referred to as frontal views. The AP image is normally taken when the patient is laying down in
the examination room, while the PA image is often taken when the patient is standing up straight.
The X-ray is projected from one side of the patient to the other, usually from right to left, depending
on the patient's posture. "The interpretation of the chest radiograph may be problematic due to the
superimposition of anatomical characteristics along the projection path". This influence might make
detecting abnormalities in particular locations, detecting minor or subtle abnormalities, and
precisely distinguishing between various disease patterns more challenging. To accommodate for
this, radiologists' interpretations of CT images frequently show significant inter-observer
variability.
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"Because of the huge quantity of CXR images generated, the difficulty of their interpretation, and
the relevance of CXR images in clinical practise, researchers have long been motivated to create
automated algorithms for CXR analysis". "Indeed, this has been a focus of scholarly interest since
the 1960s, when the first studies explaining an automatic anomaly detection method using CXR
images were published". Automated CXR analysis has the potential to enhance the prioritizing of
time-sensitive cases, the automation of typical daily duties, and the provision of analysis when
radiologists are away from the facility, in addition to better sensitivity for minor outcomes.

Ultrasounds, X-rays, computed tomography and magnetic resonance imaging scans, positron-
emission tomography scans, retinal photography, histology slides, and dermoscopy photographs are
among the various forms of medical imaging accessible. Chest radiography is one of the most
essential diagnostic imaging modalities in the world of medical picture diagnosis when anything
like this occurs. The purpose is to assess and diagnose pulmonary system diseases. When the
contrast in the image is weak, radiologists have a difficult time recognising and classifying lesions.
This is the most difficult assignment for radiologists. This category includes techniques such as
rule-based approaches and deformable model-based methods. Based on location, intensity, texture,
and form, as well as linkages with other anatomies, these algorithms partition the lung area. They
may use techniques such as thresholding, edge detection, and growth, as well as mathematical
morphological operations and geometric model matching approaches. "Deformable model
segmentation applications include the active shape model (ASM) and the active appearance model
(AAM), as well as adjustments to both". Chest radiography is a powerful clinical tool in the
diagnosis of disorders, in addition to being the most used examination method in medical practise.
As a result, one of the most passionately disputed topics in medical imaging research today is the
automated detection of chest disease utilising chest radiography. The study examines computer-
aided detection (CAD) systems in terms of clinical applications, with a focus on artificial
intelligence technologies in chest radiography. A variety of common chest X-ray datasets are
provided, as well as a brief overview of image preparation methods used in chest radiography, such
as contrast enhancement and segmentation, as well as bone suppression techniques [5].

"In attempt to alleviate this restriction, research has been performed in one sector of medical image
analysis called as Computer-Aided Diagnosis (CAD)". "The primary purpose of computer-aided
design (CAD) is to assist radiologists in establishing the location of a lesion and predicting the
possibility of a disease". "Computer-assisted design (CAD) offers the potential to improve the
quality and efficiency of radiologists' work". "This is possible because the output of CAD may be
used as a "second opinion" to assist radiologists in their image interpretation”. Because of its greater
ability to cope with data with a strong spatial relationship, "Convolutional Neural Networks
(CNNs)" are often utilised in the diagnosis and classification of cardiothoracic and pulmonary
disorders. In multiple studies, human performance in a variety of medical-related tasks, including as
diabetic retinopathy detection and skin cancer classification, has been demonstrated to be
comparable to or even better to that of artificial networks. The authors are aware of no other
publication that includes a comprehensive review of current research that uses only deep learning
algorithms to solve both the thoracic abnormality detection and classification tasks in the same
study, and they believe this is a significant contribution to the field. This is why the present study
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tries to gather and characterise all publicly accessible CXR databases, as well as evaluate how these
databases have been used to solve anomaly detection and pathological classification challenges in

the most relevant studies. The fact that the selected articles will be compared using the most
generally used evaluation metric, the Area Under the Curve, was also noted (AUC) [6].

Chest X-ray Image Classification Approaches

There are three key research issues in the realm of medical image analysis to consider when it comes to chest
radiography. "First and foremost, there are general processing techniques that address the need to enhance the
display of CXR images as well as the need to remove normal structures from CXR images so that
abnormalities may be seen more clearly". Subtraction techniques are employed to eliminate normal
components from the picture, while local equalisation and sharpening procedures are utilised to aid the
enhancing process. The lung fields, rib cage, and other anatomical components are segmented in the second
stage. "Segmentation has been created using a variety of methodologies, including rule-based reasoning and
pixel classification. The third step is analysis, which includes, among other things, size measurements, lung
nodule detection, texture analysis, and other uses”. Aside from that, current research has developed a set of
CAD schemes for analysis, "with a focus on lung nodules, interstitial diseases, interval modifications, and
asymmetry anomalies, as well as the use of CAD schemes for differential diagnosis”. This indicates that the
underlying technology for CAD schemes includes "the techniques for identifying and extracting
abnormalities, quantifying image attributes related with abnormalities, classifying between normal and
abnormal, and evaluating performance using ROC analysis" [7].

"A Support Vector Machine (SVM) is used to categorise CXR image views into two categories: frontal and
lateral views. They were able to extract a number of valuable aspects from CXR, including the image profile
and body size ratio, and used these data to create a new contour-based form descriptor. The study employed
around 8300 digitised x-ray images and 4000 x-ray reports from the National Library of Medicine (NLM) in
Indiana. The result showed high accuracy on a 10-fold cross-validation basis".

"A research was undertaken on the ability of deep learning, or CNNSs, to detect different illnesses in chest x-
ray images. The CNN's Deep Convolutional Activation Feature (DeCAF) was mentioned as being capable of
extracting main descriptors from a large non-medical image collection, notably ImageNet". Because
alternative sources of large-scale medical images for training purposes were unavailable, the decision to
utilise ImageNet was taken. The PiCoDes descriptor, which is a compact high-level representation of low-
level properties, was also used in their study (e.g., GIST). "This research employed a total of 93 frontal chest
X-ray images with three distinct disease conditions”. Sheba Medical Center provided the datasets for this
study. "The results supported the concept that pre-trained CNNs with DeCAF and PiCodes might be sufficient
for broad medical image recognition. They looked at a larger dataset lately, which includes 637 frontal chest
X-ray images with six distinct disorders, which they detailed in their current work". They discovered that
including particular CNN layers features yields in a more informative feature set as well as enhanced
performance on the chest pathology classification test, a "win-win" situation. "Using Medical Image
Recognition, a realistic framework for machine learning can learn from, detect sickness in, and characterise a
patient's chest x-rays and accompanying radiology records (MICR)" [8].

"Normal chest x-ray, opacity, cardiomegaly, calcinosis, hypo inflation, calcified granuloma, thoracic
vertebrae, hyper distension, spine degenerative, catheters, granulomatous disease nodule, surgical
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instruments, scoliosis, osteophytes, spondylosis, and fractures were among the 17 conditions labelled in the
dataset. The dataset was labelled with 17 distinct conditions, and the dataset was trained using a
Convolutional Neural Network, with the CNN prediction of the input image serving as the first word input to
the Recurrent Neural Network (RNN)". "According to their results, they are the first to combine an image and
a report of a chest X-ray into a single prediction model. They believed that this kind of chest x-ray prediction
model would be more accurate and that it could be used to a wide range of scenarios™.

Deep Convolutional Neural Networks are used to identify abnormalities in frontal CXR (DCNNSs). The
researchers found that ensemble models beat single models in terms of classification accuracy in this
investigation, which used just DCNN models. The accuracy of the models was lowered when DCNN models
were merged with rule-based models. They also conducted a search for the factors that influenced the
categorisation decision. They utilised the Indiana dataset, which included 7284 CXR images, the JSRT
dataset, "which included 247 CXR images, and the Shenzhen dataset, which included 662 CXR images, for
the research™. In the case of geographically spread abnormalities like cardiomegaly and pulmonary edoema,
the author observed that the network can efficiently locate the abnormalities in the majority of instances. The
DCNN with ensembles technique was used to forecast cardiomegaly and tuberculosis, and it was effective in
93 percent and 90 percent of instances, respectively, for both conditions [9].

The need for a large-scale medical picture. As a consequence, they establish the ChestX-ray database, a new
CXR database. This collection contains 108,948 photos of frontal-view X-ray scans obtained from 32,717
distinct patients. "Each image has a different illness label, with atelectasis being the most prevalent.
Cardiomegaly, effusion and infiltration, mass and nodule, pneumonia, and pneumothorax are among the other
disorders™. "They used the DCNN algorithm to analyse chest x-ray images for sickness prediction and
attained an average accuracy score of 62.89 percent for eight disorders (atelectasis, cardiomegaly, pleural
effusion, infiltration, mass, nodule, pneumonia, and pneumothorax)”. Cardiomegaly prediction was shown to
be the most accurate, whereas detecting a nodule was found to be the least accurate [10].

A new detection approach called CheXNet, which is based on a chest X-ray image, may be used to diagnose
pneumonia. CheXNet's technique consists of 121 convolutional neural network layers that are linked together.
"It used an X-ray image as input and calculated the likelihood of getting pneumonia based on it. They also
developed a heatmap-based visualisation technique to assist them in locating the problematic area of the chest
X-ray image and pinpointing the problem". "The researchers compared the program's performance to that of a
radiologist as well as that of other ChestX-ray-based algorithms that were already in use. Medical pictures
were analysed in order to identify and categorise anomalies in chest X-ray images, such as atelectasis,
cardiomegaly, effusion, infiltration, mass, nodule, pneumonia, pneumothorax, consolidation, enema,
emphysema, fibrosis, PT, and hernia". The goal of multi-label categorization entails connecting each
occurrence with a subset of all potential labels in general. To address this problem, the researchers
investigated the potential of relationships between labels used in medical imaging that might affect
classification accuracy. "The researchers addressed this problem, as well as the potential of dependencies, by
proposing a two-stage end-to-end neural network model that combined a densely connected image encoder
with a recurrent neural network model decoder. The accuracy of this model was tested using ChestX-rayl4
datasets, and it was shown to be better than the original”.
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"Look for evidence of thorax disease on CXR images. Their main goal was to handle the problem of a global
image (i.e., excessive and irrelevant noisy areas), which might degrade detection accuracy and must be
addressed”. "As a consequence, they proposed a three-branch Attention Guided Convolution Neural Network
(AG-CNN), in which a global CNN branch is learned using global images, followed by a local CNN branch
using local images". The guided learning approach was then implemented by clipping the required area from
the global picture using the attention heat map created throughout the procedure. The trials were then carried
out utilizing the ChestX-ray14 dataset as a foundation for the study. They showed that adding global and local
cues resulted in accuracy that was equivalent to the best in the world after thorough testing on the ChestX-
rayl4 datasets.

"The difficulty of multi-label illness classification on chest x-ray images is explored. The study's main goal
was to deal with the high probability of encountering similar data”. They developed a system for diagnosing
disorders in chest X-ray images that uses Location Aware "Dense Networks to combine high-resolution image
data with spatial information to increase classification accuracy”. The findings demonstrate that having
geographical information available enhances the accuracy of the results. "The researchers undertook a
thorough evaluation of different multi-label classification approaches, as well as a comparison of their fine-
tuned ResNet-50 model with current results". The researchers utilised a 5-fold re-sampling approach to
analyse three important elements. These were the ResNet-50's initialization procedures, network designs with
different input sizes, and non-image characteristics including age, gender, and view position. They utilised
ChestX-Ray for the testing, and for each of the fourteen classes or illnesses evaluated, they performed a ROC
analysis using AUC. Their findings demonstrated a significant degree of variation in the results depending on
the dataset split used. In four of the fourteen courses in which it was evaluated, its fine-tuned ResNet-50
achieved state-of-the-art ratings.

3. OVERVIEW OF DEEP LEARNING METHODS

This section, in particular, provides an introduction of deep learning for image processing, as well as a
discussion of the research mentioned in the paper. "A number of papers, including a recent review of deep
learning in the area of medical image processing, provide detailed mathematical definitions and explanations
of fully-connected and convolutional neural networks"”. In this book, we provide just a superficial survey of
these important features, directing interested readers to older literature for additional study. "Deep learning is
a subset of machine learning, which is a broad term encompassing techniques for learning new information".
The neural network is the algorithm that underlies all deep learning systems. It is made up of many hidden
layers (thus the word "deep™). "These networks may be formed in a number of ways, using numerous layers,
and the overall structure of a network is referred to as its 'architecture™ [11].

Convolutional Neural Networks

Convolutional layers were first employed for image processing in the 1980s, and as technology advanced, the
concept became increasingly codified over the next several decades. These convolutional layers are the
cornerstone for nearly all deep learning image processing tasks, and they are usually always utilized in
tandem in practice. "Convolutional layers employ neurons that are only connected to a small'receptive field'
from the previous layer. Each of these neurons is applied to a different area of the previous layer, thereby
serving as a sliding window over all regions and detecting the same local pattern everywhere". The learned
weights are dispersed in this way, and the spatial information is kept [12].
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Transfer Learning

The study of how knowledge obtained from one domain (the source domain) may be transferred to another
domain is known as transfer learning. It's a kind of knowledge exchange (the target domain). "Pre-training is
one of the most extensively used and successful transfer learning strategies in CXR analysis. The pre-training
technique entails first training the network architecture on a big dataset for a distinct task, and then fine-
tuning the network architecture using the learnt weights as an initialization for the next job". In certain
situations, depending on the availability of data from the target domain, all layers may be re-trained, whereas
in others, just the final (fully connected) layer may be re-trained. This strategy allows neural networks to be
trained for new tasks with fewer datasets than they would otherwise need since key low-level properties are
extracted from the original domain data. Pre-training on the ImageNet dataset (which is used for classification
of natural photographs) is effective for chest radiography analysis, according to the results of this study, and
this kind of transfer learning is common in the research examined in this work. "ImageNet-pretrained versions
of numerous architectures are made publically available for download as part of popular deep learning
frameworks. The pre-trained architectures may also be used as feature extractors in combination with more
traditional techniques to data extraction, such as support vector machines or random forests".

Image-level Prediction Networks

"The term 'image-level prediction' is used in this work to refer to tasks in which the prediction of a category
label (classification) or continuous value (regression) is achieved by analysing the whole CXR picture”.
"These algorithms, in contrast to systems that forecast small patches or segmented parts of an image, make
predictions about whole pictures”. According to the conclusions of this research, classes and regression tasks
are grouped together because they often employ the same architecture, with the final output layer serving as a
key distinction, as previously stated. AlexNet was one of the first deep convolutional networks that predict
picture levels properly, and it is being used today. "It was one of the first effective deep convolutional
architectures for image-level prediction, with five convolutional layers followed by three fully linked layers".
"AlexNet has received substantial momentum in the literature as a consequence of its triumph over all other
competitors in the ILSVRC (ImageNet) competition in 2012". "Since then, the development of deep
convolutional neural network architectures has advanced dramatically. The VGG family of models uses three
fully-connected layers after each convolutional layer, for a total of 8 to 19 layers”. "In the initial
implementation of the Inception architecture, which was disclosed in 2015, several convolutional filter sizes
were utilised within stacked blocks known as Inception modules. The ResNet family of models gained
prominence in 2016 and began to exceed its predecessors in terms of performance. These models generate
residual blocks, which are made up of many convolution processes, as well as skip connections, which
improve the model's overall performance in most circumstances”. Skip connections have been widely
deployed in a number of topologies as a result of ResNet's success [13].

Image Segmentation

Segmentation, which is both required and difficult, is one of the most difficult components of image
processing. It has gone to the top of the list of image interpretation’s hotspots. This is also a stumbling block
to the general use of 3D reconstruction and other technologies. The technique of splitting a single picture into
many portions with shared properties is known as image segmentation. It is often referred to as the technique
of separating the subject of an image from the background. At the present, image segmentation algorithms are
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improving in terms of speed and precision. Our team is working on developing a generic segmentation
algorithm that can be used to a wide range of pictures by integrating multiple innovative ideas and cutting-
edge technological advancements. As medical treatment advances, the use of modern medical imaging
equipment of different types is becoming increasingly common. Medical imaging modalities such as X-rays,
ultrasonic imaging, computed tomography (CT), magnetic resonance imaging (MRI), positron-emission
tomography (PET), and magnetic resonance imaging (MRI) are often used in clinics (Ul). A range of
common RGB images, such as microscope images and fundus retinal images, are also included in the
collection, which are often used in the medical sector. Medical photos include a wealth of information that
may be very useful. CT scans and other medical images are used by doctors to evaluate a patient's condition,
and these images have evolved to become the major basis for clinical diagnosis among clinicians. As a
consequence, medical image processing research has come to the top of the priority list for researchers in the
field of computer vision. Deep learning (DL) image segmentation systems have shown remarkable results in
the area of picture segmentation, which is a result of artificial intelligence’s rapid development, especially
deep learning (DL) [14].

Deep learning has significant advantages over traditional machine learning and computer vision techniques,
especially in terms of segmentation accuracy and computing speed. It's feasible that using deep learning to
segment medical photographs may help doctors confirm the size of sick tumors, monitor medicine
effectiveness before and after administration, and cut down on the amount of time they spend with their
patients. We searched Google Scholar and ArXiv for the most current research on "medical image
processing” and "deep learning™ with the objective of generating a more thorough description of the various
techniques. Aside from that, famous medical image processing conferences like MICCAI (Medical Image
Computing and Computer Assisted Intervention), ISBI (International Symposium on Biomedical Imaging),
and IPMI (International Symposium on Medical Imaging) provide us with valuable knowledge (Information
Processing in Medical Imaging). We picked papers that used deep learning techniques in some manner, which
was practically every one of them. We guarantee that our team of professionals will verify all of the papers'
findings. Unlike prior research, this one looks at the most recent breakthroughs in the field of medical image
segmentation from the perspective of deep learning, including their benefits and drawbacks. It compares and
evaluates similar methodologies, as well as the challenges of applying successful deep learning algorithms to
medical imaging segmentation tasks in future research [15].

4. CHESTX-RAYDATASETS

While data-driven strategies have been found to improve the effectiveness of computer-aided diagnostic systems,
their data-hungry nature has also been recognised as a barrier to further growth. In actuality, the recent release of
larger public CXR datasets has only enabled recent advances. As a consequence, despite the challenges of
collecting and annotating CXR datasets, it is optimistic to expect that these systems will soon have a truly large-
scale, high-precision implementation in a real-world clinical setting. Because of the large amount of CXR images
needed for DL approaches, it is unclear how to annotate them, particularly with the precision required. There are
numerous techniques for generating the labels themselves or specifying the criteria to be followed during the
annotation process, which is also significant. Despite failures, several CXR datasets have been published, which
may be classified into two groups: those that concentrate on a specific thoracic condition and those that annotate
many diseases. Although the first group will be briefly explored in this research, the focus of this work will be on
datasets that include many types of diseases [16].
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The ChestX-ray dataset is definitely the gold standard for CXR-based computer-assisted diagnostic applications,
as will be proven in the next sections. As a consequence of these variables, there are some key considerations to
make about its limitations. To begin with, the ChestX-ray labels were generated from radiology reports using
natural language processing techniques, with no expert validation to guarantee that the final annotations matched
the image content. Instead, the tagged photographs were verified using the Open-I Indiana University dataset,
which was made public (F1 score of 0.90). As a result, several people have expressed concerns about the
annotations' quality, notably how effectively the labels depict the pathology(ies) present in each image. Due to the
lack of human and expert-based verification, it is not guaranteed that the positive predictive values of the text-
mined ground-truth match the positive predictive values derived using visual queues. The defined labels are also
insufficiently comprehensive in that they do not provide information on the predicted spectrum of anomalies in
addition to those 14 disorders (for example, pacemakers and invasive lines). Furthermore, the "no discovery"
hypothesis does not guarantee a healthy observation; it just assures the absence of those 14 illnesses. Other issues,
such as the disparity in class sizes between illnesses or the importance of the CXR images in connection to some
of the recommended annotations, might be addressed.

CXR Non-
Year Dataset Patients | Images Format -
view normal labels
2000 PLCO 56 071 185 421 TIFF frontal 12
2015 | Open-I Indiana 3996 8121 DICOM frontal 10
2017 ChestX-ray8 32717 108 948 DICOM frontal 8
2017 | ChestX-rayl4 30 805 112 120 PNG frontal 14
2019 | CheXpert | 65240 | 224316 PNG frontal and 13
lateral
2019 MIMIC-CXR 65 379 377110 DICOM frontal 13
MIMIC-CXR- and
JPG PG lateral
2020 |  PadChest 67625 | 160868 | DICOM fr:)ma' arl‘d 103
atera

Table 1: Description of Multiple Pathology CXR Datasets

5. COMMERCIAL PRODUCTS

"CXR was one of the first modalities for which a commercial solution for automated analysis was made
available in 2008, after years of research into computer-aided analysis of CXR images”. "Even as a reader's
assistant, the move from research to clinical practise, despite this promising start and the achievements in the
field made possible by deep learning, is a lengthy and drawn-out procedure™. "The lack of acceptance of
artificial intelligence (Al) products in the radiological process might be attributed to a variety of legal and
ethical issues; nonetheless, efforts are still underway to better understand and resolve the issues that must be
addressed". "In this section, we'll look at the commercial CXR analysis products that are currently available.
A current list of commercial products for medical image analysis was studied in order to locate things that
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were suited for chest X-rays". "One product was removed because it is a texture analysis product that may be
utilised in a number of imaging modalities rather than a CXR diagnostic tool. Six of the commercial products
cover a wide range of abnormalities, with results for more than five (and often as many as thirty) different
labels". The most often handled jobs (8 items) are pulmonary effusion, nodules, and tuberculosis, followed by
pneumothorax detection (8 goods). "The current state of knowledge contrasts with research on image-level
prediction algorithms, which is commonly portrayed via heatmaps or contouring of anomalies. Two further
products are in the works for the creation of bone suppression images, one for visualising interval change and
the other for identifying and reporting healthy images"”. A radiology professional's workflow is aided in a
number of ways by products. Five items are aimed at identifying acute situations in order to prioritise the task
list and shorten the time it takes to receive a diagnosis. Several other tools, depending on the scenario, provide
draught reports for either the typical (healthy) cases alone or for all occurrences. "The creation of draught

reports, as well as workflow prioritisation, is intended at improving the radiologist's speed and efficiency"
[17].

Deep learning has grown to popularity as the preferred method for image processing operations in recent
years, and it has had a considerable impact on the field of medical imaging. "The CXR research community
has profited from the publishing of multiple large labelled datasets in recent years, which was made feasible
largely by the automated parsing of radiology reports, which resulted in the development of database labels".
This trend began in 2017 with the release of 112,000 images from the National Institutes of Health clinical
centre. More than 755,000 pictures were contributed in three labelled databases in the first quarter of 2019:
MIMIC-CXR, PadChest, and PadChest. "We show how these data releases affect the number of deep learning
articles published in the area of artificial intelligence in this research (Al)".

"There have been previous reviews in the journal Medical Imaging on the area of deep learning in medical
image processing as well as deep learning or computer-aided diagnosis for CXR". Recent studies of deep
learning in chest radiography, on the other hand, have been woefully inadequate in terms of the literature and
methods considered, the description of publically available datasets, and the assessment of future prospects
and improvements in the area of chest radiography. A full list of publicly accessible datasets is also provided,
together with information on the number and kind of photographs and labels contained in each dataset, as well
as some discussion and warnings about the datasets' various aspects. Trends and gaps in the subject are
explored, as well as major contributions to the field and suggested potential future research topics. Additional
topics discussed include commercially accessible chest radiograph analysis tools and how research results
might be most successfully translated into clinical practise [18].

The capture, synthesis, analysis, and presentation of pictures based on computer-assisted medical image
analysis are all aspects of computer-aided medical image analysis. Pattern recognition and image mining, as
well as computer vision and machine learning, have all become more common in medical image analysis in
recent years as the discipline has progressed. CAD, on the other hand, has played an important role in the
growth of medical image analysis, enabling for the automatic detection and classification of a broad range of
illnesses. Radiology is a branch of medicine that uses imaging technology and radiation to diagnose and treat
disease, as well as to prevent disease from arising. "Computer-aided design (CAD) has been advocated in
radiology as a "second opinion"” to assist radiologists in image interpretation of Chest X-Rays (CXRs) in
determining the presence or absence of disease”. "Athelectasis (shortness of breath), consolidation
(infiltration), pneumothorax (puffiness of the chest), edoema (emphysema), fibrosis (fibrotic effusion),
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pneumonia (pleural thickening), cardiomegaly (enlarged heart), nodule mass (nodule mass), and hernia are
among the conditions and diseases that can be diagnosed”. CXR is also important in the treatment of the
majority of viral infections that affect the respiratory system. The automated diagnosis and categorization of
sickness from CXRs is one of the most important issues in the improvement of CAD capabilities. By
improving the accuracy and consistency of radiological diagnosis while reducing the amount of time spent
studying pictures, radiologists may improve the quality and productivity of their work.

Machine learning has gained favor in recent years for automating the interpretation and diagnosis of medical
images, notably CT scans (contrast imaging). Machine learning assists in the advancement of CAD. Deep
learning has been explored and found to be the most successful machine learning model for medical picture
interpretation to date, as previously indicated. "A number of research projects have been provided to improve
the application of machine learning (ML), particularly deep learning, for CXRs image processing, such as
picture classification and segmentation”. In order to encourage the development of CAD technology with
enhanced analytical skills, a survey or research is necessary to gather these approaches and provide a
comparative analysis.

We are aware of the many assessments that have been undertaken and published in the fields of medical
image analysis and computer-aided design (CAD). The following strategies, we feel, are most closely related
with the works that we have encountered. "The existing research on computer-aided design (CAD) for chest
radiographs focuses on generic processing technigues, anatomical component segmentation algorithms, and
analysis tailored to a particular project or application”. "The lung nodule and its features are described, as well
as the current CAD detection techniques”. A classification algorithm-based CAD-based approach for TB
detection in CXR (such as SVM, KNN, and Decision Tree). Following that, we looked at the techniques for
segmenting lung fields in CT images, giving special attention to the datasets used, the underlying concepts,
declared performance, and relative advantages and disadvantages of the different methods. "Because of
overlapping anatomical features, changes in the shape and size of the lungs, the presence of foreign objects,
and other factors, segmenting is challenging”. Our study aimed to present an overview of CXR image
classification methods utilised in medical image analysis, based on these linked papers. "This understanding
and awareness are crucial for future study, especially in the field of using machine learning techniques to
increase the accuracy of CXR image processing, which is now being investigated” [19].

6. ABNORMALITYDETECTION

While pathology classification is more essential than anomaly detection, the latter activity has the potential to
have a substantial impact on the development of a triage system for the CXR images now being considered.
There are various options for setting the automatic triage criteria for patient photographs, such as which labels
should be considered. While some academics argue for a more complicated three-label system (normal,
abnormal, and emergent), normal and abnormal are the most often utilised annotations. The identification of a
specific disease, such as tuberculosis, pneumonia, or cardiomegaly, is also possible; in this case, the aberrant
label indicates the presence of the specific sickness under investigation. Although just the broad normal and
abnormal annotations will be examined in this portion, the following component is expected to be a binary
classification exercise. Current typical off-the-shelf CNN-based techniques are often used to detect anomalies
in CXR, and there are several studies that compare the performance of well-known architectures. The authors
examine the AlexNet, VGG, GoogLeNet, ResNet, and DenseNet datasets, as well as the ChestX-ray14 dataset,
in their first publication. All of the CNNs performed well after being trained on the ImageNet weights, with the
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DenseNet technique somewhat outperforming the others. Only the AlexNet, ResNet, and DenseNet networks
were examined for automated binary triage using a private database with ImageNet weights, with the DenseNet
network beating the others. At the present, its final layer is being retrained to perform anomaly detection on a
mixed collection of frontal CXR data from the ChestX-ray and Open-I Indiana datasets. The authors urge that,
in addition to avoiding data augmentation since it is unlikely to provide an accurate representation of any true
datasets acquired, transfer learning be employed to reduce the necessary computational resources. As a
consequence, they were able to acquire both the normal Open-I Indiana CXR images and the 14 abnormality-
positive pathological occurrences from the latter. The number of convolutional layers is reduced as compared
to VGG, ResNet, and DenseNet. The authors argue that transfer learning should not be applied in this
circumstance since medical photographs and ImageNet images are so dissimilar. This contradicts previous
research that indicated otherwise. They propose a hierarchical shorter CNN structure with an improved loss
function (sin-loss) to deal with the information contained in indistinguishable features and misclassified
images, arguing that ChestX-ray is large enough to train a smaller CNN from scratch without being constrained
by time or memory constraints. Although alternative techniques to anomaly detection may be employed
instead, all of these solutions treat the issue at hand as a binary classification problem. One of them thinks it's a
one-class problem, in which the goal is to find a single category of data among all observations, mostly by
learning from a training set that only comprises items from that category. It is recommended that this study be
continued and that an end-to-end architecture be developed that integrates generative adversarial one-class
learning with ChestX-ray to detect anomalies in the chest. The network takes a normal CXR as input and
processes it via three main modules: a U-Net autoencoder, a CNN discriminator, and an encoder. However,
whereas these modules compete against one another while executing the learning assignment, they collaborate
when doing the objective job. The adversarial generative model is capable of reconstructing a normal CXR
with only normal observations as training input, but performs poorly on an aberrant image, resulting in the
ability to distinguish between the two circumstances based on their reconstruction distinction. In the process of
acquiring normal samples and reconstructing normal versions of images with an associated pixel-wise
uncertainty, which is subsequently shown on the screen, one-class autoencoder-based techniques are also
utilised. When the uncertainty-weight is taken into account, abnormal discoveries in ChestX-ray may be
detected using this approach.

According to the authors, autoencoders' implicit modelling of more nuanced data distribution is good for
medical anomaly detection, and the one-class assumption should be loosened. Instead of utilising a large
number of aberrant photos to commence hyperparameter search and offer the model with a more flexible
notion of normalcy, the authors employ a small number of abnormal images to do so. As a consequence, the
deep perceptual autoencoder may learn common patterns between normal observations and then restore them
exactly using the perceptual loss function to assess pattern dissimilarity, which is then applied to the normal
observations. This is performed by minimising the difference between the normalised characteristics of the
original and reconstructed images.
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Figure 3: The Proposed Deep Perceptual Auto Encoder For Image Anomaly Detection

7. Conclusion

In medicine, computer-aided diagnosis (CAD) is designed to provide healthcare providers a second opinion
while simultaneously reducing their workload and promoting more accurate early diagnosis. They are
particularly important for analysing CXR images that provide complex information on a variety of disorders that
affect major organs, since these images contain complex information. Recent advances in deep learning
approaches and processing resources have resulted in a major improvement in the performance of CXR-based
computer-aided diagnostic algorithms, which has also benefited from the availability of larger annotated public
CXR datasets in recent years. "It gives a complete review of the present state-of-the-art in two particular tasks:
anomaly detection and thoracic pathology classification on the one hand, and a description of the most
significant publicly accessible annotated CXR datasets on the other. This article presents the extensive datasets,
literature, and commercial tools utilised in this work, which are all relevant to deep learning in CXR analysis".
This study categorises the existing data and literature for researchers who are new to the field, making it simpler
to discover what they are searching for. This section discusses how future research should be performed in order
to provide higher-quality, more therapeutically relevant outcomes.

It's worth noting that all of the papers selected were published in 2017 or later, which is to be expected
considering the recent release of the most popular datasets and the extensive use of deep learning methods. It's
also worth noting that the results for each task show no statistically significant differences, suggesting that they
were all completed in the same way. The top publications on abnormality detection largely concentrate on off-
the-shelf CNNs, which may be used in conjunction with one-class learning or fusion rule-based classification to
locate anomalies in pictures. In addition to the usual CNNs, weakly supervised approaches like attention
learning are given special focus in the classification of lung illness. To summarise, this publication provides an
overview of current knowledge on abnormality detection and thoracic pathology identification by describing and
comparing a select set of papers that the authors believe are the most relevant in the field, with the goal of
encouraging future research in this area. "The essential notions of medical image analysis, chest radiography,
and machine learning, as well as the links between these concepts that lead to the advancement of CAD in chest
radiology, have been presented. Following that, we'll evaluate and contrast several CXR image classification
approaches”. We compared problem categories, research goals, datasets utilised in each work (including
splitting ratio), procedures employed in each work (including evaluation metrics), and evaluation measures
themselves. As a consequence of the comparison, several new insights and understandings into the present state-
of-the-art are acquired for future work, notably in enhancing CAD to improve the quality of radiologists' jobs.

"These labels may be derived from CT scans, laboratory test results, or other relevant measurements, or they can
be obtained from CXRs (preferably with numerous readers)”. When using publically accessible data, it's also
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important to consider the image quality and the probability of label overlap across labels."Despite the fact that
label dependencies are addressed in just a few publications, it is an issue that is often overlooked, resulting in the
loss of key diagnostic information”. "While the growing interest in CXR analysis as a result of the release of
publicly accessible datasets is a good development in the field, a negative development is the emergence of
numerous articles from academics with no expertise or understanding of deep learning or CXR analysis".
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