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Abstract 

Human errors in medical practice can lead to misdiagnosis, resulting in inappropriate treatment and 

serious risks to patient health. Artificial Intelligence (AI) and Machine Learning (ML) have emerged as 

valuable tools for reducing such errors, particularly in medical diagnostics. These technologies can 

rapidly and accurately analyze large volumes of data, providing additional insights that help 

healthcare professionals to make more accurate decisions. AI excels in providing solid evidence to 

guide clinical decisions, reducing reliance on subjective judgments. It can analyse complex datasets 

and identify patterns that have chances to be overlooked by human eyes, thus leading to improved 

diagnostic accuracy and treatment plans. ML, a component of AI, uses adaptive models that learn 

from extensive datasets, though these models must be trained on high-quality data to avoid 

perpetuating errors or biases. In pulmonary medicine, AI and ML have shown considerable potential 

in diagnosing and treating conditions such as asthma, chronic obstructive pulmonary disease 

(COPD), and pulmonary fibrosis. These technologies help determine disease staging, forecast 

exacerbations, and estimate survival rates. By harnessing AI and ML, clinicians can make more 

precise diagnoses, customize treatments to individual needs, and detect early signs and ultimately 

enhance patient outcomes. Moreover, AI and ML can minimize patient risks by providing a broader 

and more in-depth analysis of medical data. This review explores how these technologies can 

process large datasets to deliver insights that surpass human capability, fostering error-free diagnosis 

and treatment.  

 

Keywords: Artificial intelligence, AI in Pulmonary Function Tests, COPD Treatment, Machine 

learning, Respiratory diseases. 

 

Introduction 

The application of artificial intelligence (AI) in the field of health care, particularly in respiratory 

medicine, is a progressive subject.  Machine learning (ML) is a subset of AI in which computers use 

analytical techniques to acquire knowledge and to improve their performance without the need for 
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specific algorithm programming (Kibria et al., 2018). Computer learning, often compared to a "black 

box," can be complex and challenging to decipher. In general, online training and aggregation 

methods can improve prediction accuracy, it can lead to learn from flawed instances, arising from 

human errors. Investment in health initiatives using AI surpasses development in any other area in the 

worldwide market (Mhlanga, 2023).  

The healthcare sector had a significant surge in interest in AI from 2019, with investors allocating 

$3.8 million to this field. This is a substantial increase from the $3 billion spent in healthcare AI in 

2018(Kumar et al., 2023).  In this domain, for pulmonary medicine, several studies have been 

reported, demonstrating encouraging outcomes in AI integration (Mekov et al., 2020).  The foundation 

of evidence-based healthcare (Walshe & Rundall, 2001) is based on clinician judgement using 

available data employing statistical techniques, that identify similarities in the information and 

represent these as numerical calculations, such as logistic extrapolation. ML enables AI to develop 

intricate connections that are not expressible by a mathematical formula using neuronal networks 

models representing information using a complex network of linked neurons, that resembles the 

structure of the human brain (Nwadiugwu, 2020). ML systems can analyze data similar to physician or 

health care providers, handling large amounts of datas simultaneously and acquiring knowledge with 

each instance. They rely on information integrity for reliability and predictability. Extraction of 

extensive datasets from electronic health records (EHR) is a common approach, since at several 

medical establishments, a large number of EHR are generated on a daily basis. This data may be 

obtained in an anonymous version and examined using traditional statistical techniques to address a 

particular research inquiry (Zhang, 2020). 

There are reported studies for clinical decision support that uses immediate time dynamic analysis of 

all the knowledge stored in electronic health records (EHRs) (Liu et al., 2022). In order to utilize the 

data within the EHRs effectively, it is essential to integrate computational abilities with Natural 

Language Processing (NLP). NLP is a specialized field that combines linguistics, computer science, 

information engineering, and AI to analyses and comprehend text, using algorithm language.  The 

NLP system has the ability to analyses and collect the desired knowledge from a vast volume of datas 

(Fanni et al., 2023). The integration of NLP and computational prowess in EHRs is critical for efficient 

data analysis. NLP, an interdisciplinary field, enables systematic data analysis and insight extraction 

from large volumes of data. While AI and ML advancements aid healthcare decision-making, the 

physician has the final responsibility for making decisional choices (Stamer et al., 2023).  

This review explores the use of AI in creating complex algorithms for medical decision-making, 

particularly in the field of lung disease. It highlights the importance of AI in situations where physicians 

lack sufficient information to make informed decisions and supports the usage of overall presence of 

extensive dataset and the advancing capabilities of computer intelligence techniques enhancing the 

therapeutic advantages and reduce patient’s risks (figure 1). 

 

Figure 1:  Shows AI predicted red colour masks of specific site in lungs of COVID 19 infection from 

machine learning algorithms models: A) lung segmentation network (AI model-DenseNet 161 UNet): 
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B) Lung lesion segmentation network (AI model-DenseNet201 FPN). Ref (Qiblawey et al., 2021), This 

image is used under the Creative Commons Attribution License 4.0 (CC BY). 

 

AI for Chronic Obstructive Pulmonary Disease Diagnosis (COPD) 

Chronic Obstructive Pulmonary Disease (COPD) is a prevalent and manageable condition 

characterized by chronic pulmonary obstruction and restricted airway. This is triggered by allergens in 

the airways and/or alveoli, typically resulting from substantial contact to harmful particulates or gas. At 

present, COPD represents the fourth most prevalent source of mortality worldwide and on a global 

scale, the incidence of COPD would rise (Chen et al., 2023). In the near future, substantially 

increased prevalence of COPD due to ongoing exposure to risk conditions and the ageing population 

can exist. AI systems analyze a dataset to identify trends that can be utilized for predicting clinical 

outcomes or identifying obstructive characteristics (Bhaskaran et al., 2023). ML is effectively 

employed for the automated interpretation of pulmonary function tests and the differential diagnosis of 

obstructive lung disorders. Computed tomography (CT) is a sophisticated imaging method used to 

identify and analyze emphysema, as well as evaluate airway conditions (figure 2). The neuronal 

networking approach is a cutting-edge field for recognizing obstructing patterns in CT scans (Ohno et 

al., 2023). Gene and ECLIPSE studies were used to assess the feasibility of utilizing CT imaging 

approach for diagnosing and classifying COPD, as well as predicting relapse and fatality rates (Liu et 

al., 2023). The authors of this reported study trained a model using CT scan datas from COPD Gene 

patient’s database and applied it to 1672 ECLIPSE patient’s software. The model achieved a concord 

index of 0.856 for COPD and accurately classified 50% of participants according to GOLD criteria. 

However, it had slightly lower performance in ECLIPSE, with a correct staging rate of 29% and 75% 

for staging inside the same or earlier stage. The model also predicted terminal condition in COPD 

Gene participants. 

 
Figure 2: AI in COPD Diagnosis (image credit:author: Gowtham Menon) 

 
Inhalation devices have a key role in the management of COPD. The utilization of these devices 

entails multiple procedural stages, and a significant number of patients commit errors during their 

usage.   Supervising the accurate method of inhaling and adherence to treatment are critical for 

enhancing the efficacy of therapy. Amiko Respiro's Sense Technology, which is a standalone aerosol 

or an accessory device, monitors the user's adherence to medication and inhaling method, and has 
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the capability to transmit this information onto a doctor for analysis and guidance (Hardinge et al., 

2015). Amiko Respiro's Sense Technology is a revolutionary innovation in respiratory health 

management, integrating advanced sensors and data analytics to monitor and treat respiratory 

conditions. It offers real-time monitoring, personalized insights, and a user-friendly interface, 

empowering patients to actively manage their health. This technology not only enhances patient care, 

but also facilitates proactive healthcare interventions, allowing healthcare providers to remotely 

monitor individuals with chronic conditions like asthma or COPD. It enables early detection of 

exacerbations or changes in respiratory conditions, potentially reducing hospitalizations and 

improving overall respiratory health outcomes. Amiko Respiro's Sense Technology thus stands as a 

promising advancement, empowering both patients and healthcare providers with comprehensive 

respiratory monitoring, personalized care, and improved management of chronic respiratory 

conditions.  

The integration of AI in the sensor enables users to receive reminders for medication dosage 

and guidance on how to enhance their inhaling method. Adherium's Hailie™ tools increase adherence 

to therapy in children and in adults. The integration of AI in COPD encompasses several vital stages. 

Beginning with comprehensive data collection from diverse sources like patient records, medical 

imaging, and wearable devices, this process involves meticulous data preprocessing and feature 

extraction to identify pertinent variables crucial for COPD diagnosis and treatment (Rogueda et 

al.,2019). Utilizing various ML algorithms, such as supervised and unsupervised learning, facilitates 

the development of predictive models for early detection, prognosis, and personalized management of 

COPD. Rigorous validation and evaluation of these models ensure their accuracy and performance 

before seamless integration into clinical practice. Continuous refinement, updates based on real-world 

feedback, and compliance with ethical standards and regulatory requirements are integral to ensuring 

the reliability, usability, and ethical application of AI in COPD healthcare solutions (figure 3). 

 
Figure 3: AI advancements for COPD therapy  

 
AI in Pulmonary Function Tests 

The diagnostics of pulmonary diseases by Pulmonary Function Tests (PFT) is determined by 

professional judgement, that utilizes symptoms and clinical context to identify a particular condition. 

Research was conducted including 120 pulmonologists from 16 European hospitals. These experts 

examined 50 cases, which included pulmonary function tests (PFTs) and diagnostic details. In total, 

there were six thousand independent assessments made during the research (Gonzalez et al., 2018). 

An AI also analyzed the identical information. Pulmonary experts accurately assessed seventy-four 
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percent of patients compared to the gold standard, which includes the American Thoracic Society 

(ATS) / European Respiratory Society (ERS) PFT interpreting standards, clinical history, and further 

investigations. The level of agreement between the specialists' interpretations and the gold standards 

was moderate, having a κ value of 0.67.   The accurate identification was achieved in 44.6% of the 

cases, with significant variation.   The AI accurately analyzed all PFTs with a 100% success rate and 

accurately diagnosed the condition in eighty-two percent of cases (p<0.0001 for both). In the realm of 

pulmonary healthcare, specialists play a pivotal role in assessing patients' conditions, striving for 

accuracy akin to gold standard protocols like the American Thoracic Society (ATS) / European 

Respiratory Society (ERS) PFT interpreting standards. Contrastingly, AI in this field showcases 

unparalleled proficiency (Topalovic et al., 2019). AI demonstrates an even higher accuracy in 

diagnosing conditions, showcasing an eighty-two percent success rate surpassing the performance of 

human specialists. This AI-driven capability not only ensures comprehensive analysis, but also 

significantly enhances diagnostic precision. It stands as a promising advancement, potentially 

revolutionizing the landscape of pulmonary healthcare by offering consistently accurate analyses and 

diagnoses, thereby augmenting patient care and outcomes. The assessment of PFTs by a 

pulmonologist is linked to significant fluctuations and errors, but AI offers a more precise and reliable 

analysis, which makes it a valuable tool for enhancing the practice of medicine or aiding in decision-

making processes. 

 

AI for Exacerbation 

An essential objective of treating individuals with COPD includes the timely identification of 

exacerbation/aggravation. The AI system acquires knowledge through the information provided by the 

participants. Regardless of the criteria used for exacerbation, all models demonstrate a strong 

predictive capability (Das et al., 2023). Among these models, the Probabilistic Neural Network (PNN) 

exhibits the highest level of accuracy, achieving higher accuracy compared to the K-means model 

and the radial basis function neural network. In a study, the probabilistic neural network demonstrated 

the ability to forecast the onset of exacerbation having a precision of about 81% and an erroneous 

rate of only three percent from the monitoring of indicators via residential remote monitoring. This 

prediction was made approximately 5 days prior to the actual appearance of the episode (Omer et al., 

2023).  The significance of this research findings must be approached with caution, particularly when 

derived from studies involving small population sizes. 

In a recent trial with 15 patients, a total of 40 exacerbation events were recorded. While the outcomes 

revealed comparable results, it is crucial to acknowledge the limitations imposed by the small sample 

size. Despite this constraint, the researchers' observations are critical. They identified that among the 

33 exacerbations experienced by the 15 patients, 30 were identified early with an average of 4.5 ± 2.1 

days before the exacerbation onset. These early detections coincided with the patients seeking 

clinical attention. The study suggests early detection of exacerbations for effective intervention and 

management, but its small sample size suggests the need for larger research and larger sample 

sizes. The approach could benefit both medical practitioners and patients by facilitating timely 

identification of exacerbations, but further investigation and validation are needed. This evaluation 

was done using a smartphone software called my mhealth (Fernandez-Granero et al., 2015). Forty 

percent of exacerbations exhibited an alarm signaling within the 3 days preceding a patient's initiation 

of treatment.  

AI in Fibrosis 

ML can be used to classify lung fibrosis illnesses using high-resolution images CT scans, deviating 

from the existing criteria established by the 2011 ATS/ERS/ALAT and Fleischner Society for idiopathic 

pulmonary fibrosis (McLean et al., 2011). ML system demonstrated a reliability rate of 76% in the 

initial set of cases, with 92.7% of the diagnoses falling inside the correct or relevant category. The 

duration needed to analyse the four-slice frames (each of which image representing a distinct 

example from the second series) was 2.31 seconds. In the subsequent sequence, the average 

reliability of radiologists was 71%, whereas the software achieved an efficiency of 73%, surpassing 
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66% of the thoracic radiologists. The system accurately differentiates among UIP and non-UIP with a 

similar level of precision as an imaging specialist (HR 2.88 versus 2.74). Using ML to assess high-

resolution CT scans is a convenient, reliable, and nearly immediate approach to categorise pulmonary 

fibrosis. Its performance is comparable to that of a radiologist (Horst et al., 2019). CALLIPER 

(Computer-Aided Lung Informatics for Pathology Evaluation and Rating) is used to conduct an in-

depth analysis of lung tissue abnormalities, includes honeycombing, reticular abnormalities, ground-

glass opacities, and emphysema. This advanced technology facilitates the assessment of the severity 

of these abnormalities within the lung tissue. High-resolution CT scans were employed to track and 

evaluate the progression of these conditions over time, with a median duration of 289 days (Walsh et 

al., 2020).  

The application of CALLIPER allowed for a comprehensive examination of these specific 

abnormalities, enabling a more detailed understanding of their nature and severity. This sophisticated 

approach provided researchers with a precise tool to observe and measure changes occurring in the 

lung tissue, offering valuable insights into disease progression and its temporal characteristics. 

Employment of high-resolution CT scans and CALLIPER technology expanded our understanding of 

these lung-related abnormalities and their evolution over time. The utilization of such cutting-edge 

methodologies not only enhanced the accuracy of assessment, but also contributed significantly to 

the development of potential diagnostic and treatment strategies for lung-related conditions. The 

methodology demonstrated significant predictive capability depending on reticular anomalies, the 

severity of interstitial abnormalities and the proportion of interstitial abnormalities. In addition, 

CALLIPER has the capability to accurately calculate the volume of the pulmonary vessels (PVV)and 

possess the capacity to enhance the categorization of idiopathic pulmonary fibrosis. 

AI for Other Respiratory Diseases 

Various techniques were reported for assessing pressure-volume curves in patients with acute 

respiratory distress syndrome (ARDS) who were receiving artificial ventilation (Sayed et al., 2021).  

The utilization of ML greatly enhanced the outcomes of statistical regression by including patient data, 

hence facilitating personalized therapeutic options. AI revolutionizes ARDS care via early detection, 

predicting disease progression, personalized treatments, image analysis, clinical decision support, 

and outcome prognostication. AI rapidly identifies ARDS indicators, predicting its severity and 

progression based on patient data (Figure 4). Tailored treatment plans emerge from AI analysis, 

considering individual histories and responses. Precision in image interpretation aids clinicians in 

accurate diagnoses. Clinical decision systems provide real-time guidance, integrating data and best 

practices. Moreover, AI forecasts patient outcomes, optimizing care strategies. These facets of AI 

usage in ARDS stresses its pivotal role, enhancing early intervention, treatment precision, and 

prognostic accuracy for better patient management.  

AI serves as a promising tool for conflict resolution within professional domains. AI demonstrates 

remarkable proficiency in analyzing chest X-rays. AI has ability to detect respiratory tuberculosis with 

an impressive and appreciable sensitivity rate. This capability signifies AI's capacity to contribute 

significantly to medical diagnostics, potentially revolutionizing healthcare systems worldwide. In the 

context of professional’s decision variation, AI's adeptness in discerning intricate details and making 

accurate assessments could serve as a mediator or an unbiased third-party arbitrator. Its impartial 

analysis, devoid of human biases or subjective inclinations, may facilitate fair and informed decision-

making in contentious situations among professionals. By leveraging AI, disputes stemming from 

diverse fields could find resolution through data-driven, objective evaluations. AI's consistent and 

evidence-based approach, as exemplified in its precise diagnosis of respiratory conditions, can offer a 

standardized framework for resolving conflicts, ensuring positive outcomes and fostering trust within 

professional communities. Employing AI as a conflict resolution mechanism, presents an opportunity 

to harness technology for fair, evidence-based solutions, potentially transforming the way disputes are 

managed and resolved across various professions. As AI continues to evolve and refine its 

capabilities, its potential as a reliable mediator in professional disputes becomes increasingly 
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promising and impactful. Algorithms of AI for the diagnosis of bronchial asthma based on an extensive 

survey, medical data, and medical documents were also reported (Khemasuwan et al., 2020). 

 
Figure 4: AI beneficial and salient features for acute respiratory distress syndrome (ARDS) 

 

The computations presented in this research exhibited a precision, exceeding eighty percent. By 

employing dependable data training, the model incorporating automatic associative memory to the 

neural network algorithm achieved an accuracy surpassing 90%, with only one percent of results 

being unresolved. Furthermore, the mobile applications developed in this study attained an accuracy 

of 94%. AI plays a pivotal role in managing bronchial asthma across various facets (Figure 5). AI aids 

in asthma diagnosis, treatment planning, and monitoring, providing accurate diagnoses, personalized 

treatments, remote support, and resource optimization. It also expedites drug development and 

optimizes healthcare resource allocation. AI's integration in education interventions can reduce 

medical errors and improve patient outcomes, ultimately transforming asthma care. Integrating AI-

powered platforms into medical curriculum equips healthcare professionals with advanced tools for 

accurate diagnosis and personalized treatment strategies (Vidhya et al., 2019). By mitigating 

diagnostic errors and improving decision-making skills, AI-driven educational initiatives play a crucial 

role in minimizing medical errors, ensuring better outcomes, and optimizing patient care in asthma 

management. Through predictive analytics and ML algorithms, AI analyzes vast data sets to 

anticipate environmental patterns and identify high-risk areas. It aids in early diagnosis by recognizing 

symptom patterns, assists in treatment planning by suggesting personalized interventions, and 

facilitates remote monitoring to manage exacerbations. AI-driven decision support systems enhances 

healthcare professionals' capabilities, optimizing timely interventions and improving outcomes for 

patients grappling with respiratory and other lung cancer issues intensified by climate change (Ghosh 

et al., 2023). Medical errors caused by human result in significant losses, which could be mitigated by 

utilizing AI and ML technologies. According to a study, the incorporation of diuretics in ML algorithm 

analysis for treatment suggestion, resulted in decrease of mortality by 18% and a shorter stay in an 

intensive care unit by an average of 5.9 to 8.4 days (Sethu et al., 2022; Romana et al., 2012). AI is 

valuable when there is a lack of definitive proof to inform decision-making processes. In order to 

construct association-based models, it is crucial to have access to pertinent, superior data and gold 

standards for testing and validation. Furthermore, there is a requirement for multiple scales, 

interconnected computerized models, that produce medically significant results at the individual basis 

and are specifically designed to address certain medical inquiries. 
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Figure 5:  AI features for Broncial Asthma 

 
The U-BIOPRED (Unbiased Biomarkers in Prediction of Respiratory Disease Outcomes) program 

represents a pioneering research effort focused on comprehensively examining asthma across 

diverse age groups, encompassing both adults and children (Paladugu et al., 2023). U-BIOPRED is 

an initiative aiming to understand the complexities of asthma by combining data and biological 

samples from individuals across different life stages. It aims to create a holistic understanding of 

asthma subtypes, triggers, and disease progression. The initiative aims to advance diagnostic 

capabilities and treatment approaches, potentially revolutionizing asthma diagnosis, management, 

and personalized treatment strategies. It represents collaborative efforts in the scientific community. 

 

Conclusion 

The application of AI in medicine, particularly in respiratory care, has become increasingly important. 

ML, a subset of AI, uses statistical methods to learn from data and improve performance without 

manual programming. Healthcare initiatives leveraging AI received the highest investment globally, 

surpassing other industries.ML has the potential to support clinical decision-making, but it cannot 

entirely replace the role of healthcare professionals. Human errors in medicine lead to significant 

avoidable mistakes, many of which could be mitigated through AI and ML solutions. AI is particularly 

useful in situations, where concrete evidence to guide medical decisions is lacking. New research in 

respiratory therapy is yielding promising results, further highlighting the growing relevance of AI and 

ML in healthcare. While these technologies offer significant benefits, they should complement, not 

replace, the expertise and judgment of physicians. 
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