CHAPTER 13

ARTIFICIAL INTELLIGENCE IN
PULMONARY DISEASES

Burcu OZDEMIiR!

INTRODUCTION

As in numerous sectors, a new era of artificial intelligence (AI) and machine learn-
ing (ML) is currently transforming healthcare with processing big data collected
from medical imaging, genomics and electronic records. This dramatic break-
through of AT has brought together new horizons and opportunities to deploy in
clinical practice. It is projected that Al in the healthcare market will grow from 6.9
billion USD in 2021 to 67.4 billion USD in 2027. More interestingly, the advent of
‘Metaverse’ at the and of 2021 seems to change the ‘play’ completely all over again.
We will all see how this will affect and be integrated in the field of medicine.

There is a reciprocal interaction between AI algorithms and medical big data,
mainly patient records. As the data accumulate, new applications of Al are being
introduced and vice versa. Without doubt, one of the medial domains that use Al
commonly is pulmonology, mainly due to interpretation of imaging and histo-
pathological outcomes. AT has found several areas of usage in the diagnosis and
management of pulmonary diseases with a continuous expansion. In this chapter,
a brief definition of AT and MS is described, followed by the use of Al in the med-
ical field. Then the chapter focuses on applications of Al in pulmonary diseases
with examples of the most common implementations.

ARTIFICIAL INTELLIGENCE (AI) AND MACHINE LEARNING (MI)

The term artificial intelligence (AI) was coined for the first time for the Dartmouth
Summer Workshop in 1956 and was broadly defined as “thinking machines” (1).
(AI) is a strong technological revolution that flatten the world by granting a ma-
chine the ability to perform cognitive functions including perceiving, reasoning,
learning and implementing. Although there is no a universal definition agreed on
it, Al is generally defined as “machines that respond to stimuli consistently with
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response from humans, based on the ability of humans for contemplation, judg-
ment and intention”. Al had rapidly entered our daily lives by solving problems
through advanced algorithms, big data and increasing computatsonal power at
lower costs (2). Although the projections are changing on daily basis, it has been
estimated that AT will increase the global average revenues by more than ten tril-
lion dollars and to transform many sectors including healthcare.

AT focuses on a specific functionality to find intelligence patterns. This process
is realized with three steps: (1) intelligence requires algorithm that mimics the
human brain, (2) first, we must learn intelligence patterns in order to find them
and this requsres the use of data, and (3) we must make computations as the brain
makes (3). Unlike past experiences, today accumulated big data and lower costs of
computations with the advancements of information technologies have facilitated
the integration of these three steps.

Machine Learning (ML) is the basic component and a subset of Al. The ma-
jority of Al advancements and implementations are categorized as ML. ML algo-
rithms are statistical instruments used to find patterns through the big data and
then to make predictions using these data (4). The patterns are the association
between the inputs and outputs. ML is defined as a set of techniques that enable
machines to learn from data without being programmed to do this task. Al and
ML are not a futuristic vision, but rather they are something that is here today,
integrated and deployed into a variety of sectors (5). A schematic illustration of
Al and ML is given in Figure 1.

Thinking, Feeling
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Figure 1. Relationship between AT and ML
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ARTIFICIAL INTELLIGENCE APPLICATIONS IN MEDICINE

ML algorithms based on neural networks (NN) have been already introduced in
several fields of medicine. The medical areas that most commonly use AI include
medical diagnosis and prognosis, decision making, treatment, drug development,
gene studies and individualized medicine. A1 research has shown that the input/
output ratio is more promising in medicine compared to that of other fields (6).
The combination of Al and medicine, termed as Al plus, changes the conventional
medical model and makes an evolutionary progression. In addition, AI plus med-
icine is promising for potential future applications.

AT has revolutionized medical techniques and can be considered as the part of
computer science with the ability to deal with complex problems using numerous
applications with big data but little theory (7). This development has caused the
raising of a new field in medicine: augmented medicine, which refers to the use of
medical technologies aimint at improvement of different aspects of clinical prac-
tice. Augmented medicine based on Al applications enabled efficient computer
assisted surgical operations, virtual reality tools for surgery, pain management etc.
(8). Some current Al applications in the field of medicine are shown in Figure 2.

NEPHROLOGY
CARDIOLOGY
GASTROENTEROLOGY
i Vammea. . PULMONARY
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ENDOCRINOLOGY
RADIOLOGY

Figure 2. Al application in clinical practice

Al in Medical Diagnosis

Diagnosis of a patient utilizing Al results provides significant time saving and
diagnostic efficiency increases considerably. AI can analyze data from radiology
departments such as X-ray, CT and MRI outcomes, and from pathological, endo-
scopic, ultrasonographic and biochemical examinations, and output the results
quickly, making a change in traditional medical models, particularly in compli-
cated cases.
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Al in Radiology

Radiology is involved in almost all diseases as a scientific basis for medical diag-
nosis. The demand for a radiological diagnosis is steadily increasing at a high rate;
however, the number of physicians experienced in radiation medicine is increas-
ing slowly, leading to a gap between supply and demand balance and causing oc-
cupational pressure and likelihood of misdiagnosis. Radiology is one of the lead-
ing fields of medicine where Al is involved with various applications. Numerous
AT applications have been introduced in radiological diagnosis in recent years.
Among these, a new algorithm was found with a high sensitivity for early screen-
ing, rapid diagnosis and grading of retinal diseases (9). Another example is the use
of Alin MRI. An Al algorithm has been shown to be superior to human observers
in early detection of inflammation in patients with rheumatoid arthritis (10).

Al in Pathology

Whole-slide imaging technique has become a standard diagnostic method in
pathological investigations with the advancements in pathological scanning mo-
dalities. However, it is still challenging to automatically analyze pathological im-
ages to achieve an accurate diagnosis as soon as possible. AI has been used suc-
cessfully in pathological diagnosis with promising results (11, 12). AT algorithms
have been used in pathological segmentation, tumor identification and determin-
ing metastasis in a shorter duration and higher quality (13). Even in some cas-
es, Al algorithms outperformed pathologists for diagnosis based on pathological
images (14). Deep learning model has been confirmed to predict six genetic mu-
tations associated with cancer to assist doctors for detection of subtype and gene
mutation in cancer cases with an accuracy of 97% (15). Al algorithms have been
used in the diagnosis of lung cancer, epithelial tumors and basal cell carcinoma
(16, 17).

Al in Endoscopy

Al technology has been proven to effectively detect lesions, colorectal polyps, gas-
tric and esophageal cancers through endoscopy (18). It has been reported that Al
can significantly enhance the diagnosis of intestinal and gastric diseases such as
Barrett’s esophagus, gastric cancer and squamous carcinoma by increasing diag-
nostic accuracy and shortening detection time (19). Obviously there is a bright
future for this new Al technology as more research confirms the utility of Al plus
endoscopy in the diagnosis and classification of various diseases.
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Al in Medical Treatment

Al in Surgery

The concept of Al plus the surgical system has been raised with the advent of
AT technology. With the use of Al algorithms, surgical systems have shifted to
an “intelligent” form from a “non-intelligent” form. The development of the Da
Vinci surgical system has been the most groundbreaking advancement in the use
of Al in surgery. Da Vinci system has three components including a surgeon con-
sole, manipulator operating system and imaging system. This method has been
approved by the Federal Drug and Food Administration (FDA) in 2000 for use
in clinical surgery. This new Al system has revolutionized conventional surgery
systems. Using the Da vinci system, for instance thyroid surgery can be performed
by preserving postoperative cosmesis and the patient’s voice (20), lung cancer sur-
gery has become beneficial to patients in terms of postoperative outcomes (21).

Augmented Reality (AR) and Virtual Reality (VR)

AR and VR, are new forms of digital holographic imaging modalities that partly
employ Al technologies in order to reconstruct clinical data. VR involves virtual
digital images generated by an intelligent Al algorithm that enable surgeons to
make practice without any serious consequences of surgery, permitting them to
enhance their surgical practice skills on 3D holograms (22). However, they can
not be adapted to the real surgery because of the lack of real-world experience. In
order to overcome this issue, AR is utilized to assist surgery pre — and intraopera-
tively through conversion of patient data and addition of VR to the real world. AR
technology recognizes complex anatomical structures and navigates the operation
accordingly (23, 24). Because of these advantages, this new mixed reality (MR)
technique has been used successfully in a wide spectrum of medical procedures
including skull, spine, orthopedic, kidney and liver surgeries (25-27).

Al in Anesthesiology

Anesthesia is an important part of surgical operations supporting a smooth pro-
cedure, although there are numerous risks and complications during anesthesia.
Perioperative anesthesia is a long process involving pre-, intra — and postoperative
periods. This is one of the medical fields where Al is used widely. The use of Al in
anesthesiology practice include deep monitoring, anesthesia control, prediction
of adverse events, ultrasonography assistance, pain control and the management
of operating theatre (28). Al has been used successfully in anesthesia practice with
promising outcomes (29).
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Al in Pulmonary Diseases

The primary application areas of Al in pulmonary medicine include decision sup-
port systems to assist pulmonologists by processing physiological data from phys-
ical exam and imaging studies to achieve a diagnosis. First use of Al in respiratory
medicine has been interpretation of thoracic CT scans, which has been success-
fully performed with a high rate of accuracy. Another domain of Al in pulmonol-
ogy practice is the assessment of lung physiology and detection of abnormal res-
piratory function to help physicians in the decision making process. Pulmonary
function test interpretation is based on numerical values of different variables and
can be performed readily by AI algorithms (30). AI has also been used to predict
3-year risk of developing lung cancer and guide clinical management accordingly.
The use of Al algorithms, ML, deep learning and neural networks in pulmonary
diseases is being expanded every passing day. Among the numerous applications
of Al in pulmonary medicine, here we will give the examples of most commonly
used implementations due to limited space.

Al in Diagnosis of COPD and Asthma

The diagnosis of COPD and asthma is mainly based on imaging and it involves
historyii physical exam, pulmonary function tests and imaging investigations such
as X-ray, Ct scans and bronchoscopy. Because both COPD and asthma are heter-
ogenous diseases and their management strategies differ (31, 32), the challenges
in the diagnosis of COPD and asthma and potential risks of mistreating or not
treating these diseases underline the importance of any new assisting technique
including AL In a study with 120 pulmonologists from 16 European countries,
the physicians and AT algorithm evaluated 50 cases of pulmonary diseases with
limited clinical information such as smoking, history, sputum etc. In that study,
both sensitivity and positive predictive value of the Al algorithm was superior
over those of the pulmonologists (30). It was concluded that Al-based software
provided more accurate interpretations and could serve as a potent decision sup-
port tool to improve clinical practice (30).

Al in Pulmonary Function Testing

Pulmonary function tests (PFTs) are the primary tools used by pulmonologists
to evaluate the function of the respiratory system (33). To establish a definitive
diagnosis, interpretation of PFTs are combined with history, symptoms, and re-
sults of other tests including imaging, blood analysis and biopsies (34). Since PFTs
are used worldwide in a standard way, they are suitable to be interpreted by Al
algorithms because of their ability to process big amounts of data unlimitedly. In
a study by Topalovic et al., more than 1500 historical cases examined and AI algo-
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rithms were demonstrated to improve the clinical reading of PFTs and overcome
the variable test interpretations of individual pulmonary diseases specialists (30).
On the other hand, ML can be used to analyze continuous data including diffu-
sion capacity of the lung, flow-volume loop, and nitrogen washout curves. Owing
to these analyses, new markers can be discovered in the near future (35).

Al in Thoracic Imaging

Thoracic imaging plays a critical world in pulmonary medicine practice. While
chest X-rays and CT scans have been intensely utilized, automated image analysis
emerges as a new Al application in thoracic imaging. ML for imaging analysis
uses deep learning algorithms that employ convolutional neural networks (CNN).
These systems process millions of pixels on X-rays and CT scans to recognize the
pattern and this process progresses in a similar way to the human brain.

An area that has attracted great interest in Al is the detection and classification
of pulmonary nodules through low dose CT scans. Kao et al. developed a ML
system that automatically determines abnormal chest examinations by screening
the working lists of radiologists, and reduces reporting time by 44% (36). Nam JG
et al. developed a new ML algorithm to detect malignant pulmonary nodules on
chest X-rays and compared it with that of physicians including radiologists and
pulmonologists. At the end of the study, all physicians showed improved nodule
detection when using the ML system as a second reader to assist them (37).

Al in Diagnosis of Tuberculosis

Tuberculosis (TB) is an important public health problem worldwide and espe-
cially in underdeveloped countries due to lack of radiologists. Various techniques
have been utilized to detect TB on chest X-rays. Automated detection is another
field of research. ML approaches mainly use pattern features with and without
bone suppression to interpret X-ray images. Rohmah et al. used a new approach
in which statistical features were utilized to identify TB positive radiographs and
obtained a 95.7% accuracy rate (38). Hwang et al. developed a new deep learn-
ing-based automatic detection (DLAD) algorithm. They used 54221 normal
X-rays and 6768 X-rays with TB positive labeled by certified radiologists. The
new DLAD algorithm showed a superior performance over radiologists in both
classification and localization of TB (39). Combining telehealth, diagnosis of TB
using Al technology and ML algorithms shows promise for future applications to
identify and classify patients with TB especially those living in underdeveloped
countries, where access to a quality healthcare is challenging.
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Al in Other Pulmonary Diseases

CNNss that have been successfully used for evaluation of pulmonary nodules on
thoracic CT are also useful to predict acute respiratory distress syndrome (ARDS)
and to estimate mortality among smokers. CNNs are also used to identify infiltra-
tive lung disease and to classify fibrotic lung disease automatically. Campo et al.
used X-rays instead of CT scans in quantification of emphysema. ML techniques
have been used to assist in early diagnosis of respiratory changes induced by smok-
ing. Computerized lung sound analysis involves distinguishing normal sounds
from abnormal respiratory sounds during auscultation. ML has also been used
for classification of lung fibrosis disease by means of high-resolution CT scans
against current guidelines (40). Liao et al. have successfully used Ml approaches
and algorithms for predicting acute respiratory failure, ventilator dependence and
mortality from pulmonary diseases, and especially from COPD (41).

Al in Histopathology and Cytology

Using Al technology, diagnostic pathology has undergone significant changes
through digitalization, which have enabled important changes in decision-mak-
ing process, workflow and job description (42). Currently there is a shifting from
physical storage slides system to virtual stirage of virtual slides (43).

AT algorithms have been applied to histopathology in order to help improve
efficiency and accuracy of definitive diagnosis and predicting prognosis of non-
small cell lung carcinoma (44). Koh et al. conied a three-marker immunohisto-
chemical panel that could be used with minimal amount of tissue and successfully
differentiate adenocarcinoma from squamous cell carcinoma in 82% of patients
(45). This example suggests that owing Al technology, clinicians will be able to ob-
tain more accurate data for differential diagnosis with less tissue required. Xiong
et al. developed a deep neural network to identify acid fast stain Mycobacterium
tuberculosis on digital cytology slides and obtain a sensitivity of 98% (46).

Al in Telemedicine

Telemedicine is emerging as a novel important tool in monitoring and self man-
agement of obstructive pulmonary with the increasing use of smartphones.
Telehealth can be used to help medical services in isolated locations and save life in
the case of emergencies. Telemonitoring devices collect data from medical records
to identify and recognize patterns in data sets in order to offer a way to predict
clinical outcomes (47). Recent applications of Al algorithms in telemonitoring is
prediction of exacerbation in COPD and asthma patients (48). Chamberlain et al.
developed an interesting system consisting of an electronic stethoscope, peak flow
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meter and a patient questionnaire to screen patients for COPD or asthma (49). An
example of an Al algorithm in pulmonary diseases is shown in Figure 3.

Al and Telemedicine in Pulmonary Diseases
ﬂ Hea‘acare Inteiiilgent :

Patient ; - Information
monitorin Information assistance analvsis
J technology and diagnosis ¥

Figure 3. Al algorithm of Telemedicine in Pulmonary Diseases

Al in COVID-19

In the global race to control COVID-19 caused by the novel coronavirus 2019,
AT was used to work as human intelligence for early recognition and diagnosis,
treatment monitoring, tracing contacted people, prediction of mortality, develop-
ment of new vaccines and drugs and disease prevention (50). Zhang et al. coined
a new system based on analysis of CT images based on deep learning methods
and found that the right lower lobe of the lung was the high occurrence site of
COVID-19 pneumonia (51). Mashamba developed a point-of-care diagnostic
service that blended radiology, pathology and Al algorithms to assist the diagno-
sis of COVID-19 (52). In addition, there has been much research on AI algorithm
assistance that pushed quick development of COVID-19 vaccines (54, 54).

CONCLUSION

AT has rapidly entered medical practice and its applications in this field are con-
tinuing to expand rapidly. As the big medical data grows, accuracy and sensitivity
of Al applications further increase. In pulmonology practice Al shows promising
outcomes for future projection to use its algorithms more intensively. Rapid diag-
nosis with AI technology will facilitate management of pulmonary diseases and
improve the outcomes. However, the future of Al has come and this new technol-
ogy will bring our clinical practice into an unprecedented new era.
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