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Abstract: Al models are being applied to several components of healthcare including diagnostics, drug development,
personalized healthcare plans and so on. The large datasets which rapidly rise in complexity and volume form part of big data,
provide the potential for ML models to make significant progress in diagnostics, medical image interpretation and treatment
recommendations. The introduction of Al across the various departments of the healthcare industry has already raised efficiency
and dropped prices. Covid 19’s exponential growth rate completely overwhelmed the healthcare sector's capabilities. Al and
robotics became paramount in boosting efforts to detect, identify the risk of and monitor the virus, and develop and deliver the
vaccine throughout the planet. The systems that did well generally had large datasets, one modality and did well in testing with
foreign data. Currently, low efficiency and high costs make research difficult. With big data being produced at astronomical
rates, we should theoretically be making constant discoveries and advancements. However, only part of this data is currently
being processed and studied. Attempts are being made to resolve this gap by leveraging Al tools.
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L. INTRODUCTION

Acrtificial Intelligence (Al) has immense potential in the healthcare domain. It can be used in patient care, research and development,
medical imaging and diagnostics and management. With a lack of resources and medical personnel as compared to the requirement,
Al has the capability to make the diagnostic process faster, smoother and more efficient. It also improves the accuracy of outcomes
and eliminates human error. Al models are being applied to several components of healthcare including diagnostics, drug
development, personalized healthcare plans and so on. Al works by processing and analysing large datasets, finding patterns and
producing appropriate outputs. Dealing with such large datasets can be prone to human error and Al is able to do this at a much
larger scale than a human can. Thus, academia, public and private sectors are all working on finding ways to implement ML-based
diagnostic technologies.

Healthcare organizations have acquired vast datasets of health records, imaging data and this is used by Al to identify various new
patterns humans could not process. Al can study images at the pixel level and can thus identify minutes features invisible to the
human eye. The company PathAl offers diagnostic systems that eliminate human error and raise accuracy. This system is also
capable of using Al-enhanced microscopes to identify bacteria in blood samples with an accuracy of 95%. Thus, Al is being used to
save lives using early diagnosis and treatment. Automated tools have now become available in most areas in healthcare including
for diagnosis, decision support, genomics and so on. These Al-based systems are quickly becoming as adept as human experts, and
are even faster and cheaper. Natural Language Processing (NLP) is being used to acquire data from unstructured text corpora
regarding symptoms and medical history of patients for even quicker and error-free diagnosis.
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Fig. 1 Al for Healthcare — Application Areas
Fig. 1 shows the various applications of artificial intelligence in 4 broad domains under the healthcare industry, i.e., patient care,
medical imaging and diagnosis, research and development and management.
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1. LITERATURE SURVEY

Even with the various advances that have been and are being made in medicine, much is left to be done regarding the timely
detection and resulting early treatment of diseases. This is further hampered by the lack of continuous health monitoring systems.
The paper considers smart wearables that monitor various health parameters as a solution to this problem. It discusses in detail an
overview of the features, the advancements made and the future potential of these wearable sensors [1]. The publication discusses
the issues posed by the usage of Al in the healthcare industry with respect to ethics and the law. The paper studies recent trends of
the same, with emphasis on the United States and Europe. Large datasets are required by any Al model to make accurate predictions
and the acquisition and usage of this data raises several questions including those on the informed consent to use it, data privacy and
cybersecurity. Models are susceptible to algorithmic bias and the question of liability in case of any mishap arises. Furthermore, the
lack of transparency of ML models brings into question the safety, trustworthiness and effectiveness of the system [2].

The paper performs a review and comparative analysis of several papers published between 2009 and 2021 dealing with the
application of Al in the diagnosis of cancer. Five investigations were generated and their solutions explored. The deep and machine
learning models from the studies were evaluated on several performance metrics like accuracy, precision, recall, area covered, F1-
score and so on. The paper concludes that although decent results have been achieved by several techniques applied in the studies,
there is a long way to go to actually reduce cancer mortality rates [3]. 288 papers from Scopus were studied concerning Al in
healthcare in a structured manner and including a variety of subdomains ranging from clinical decision-making and diagnostics to
management and accounting. On analyzing and comparing the papers, it was found that this is still an emerging field. Al can be
used to aid medical professionals in diagnosing, predicting the spread of and customizing treatment plans of diseases. The paper
concludes that there is still much work to be done for Al-based healthcare to reach close to its potential [4].
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Fig. 2 Timeline of Al in Healthcare

Though progress in technology in the healthcare domain has been slower than in most other aspects of our daily lives, the
implementation of electronic health records (EHR) in more and more hospitals has increased medical data available. The large
datasets which rapidly rise in complexity and volume form part of big data, provide the potential for ML models to make significant
progress in diagnostics, medical image interpretation and treatment recommendations. Medicine can thus become faster, more
efficient and personalized [5]. Fig. 2 depicts a timeline of the evolution of artificial intelligence in the healthcare industry.
Beginning in 1950 with the creation of the Turing Test, the field has come a long way and the same is documented in the above
diagram.
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1. METHODOLOGY

Al-based systems have proven their utility in analytical tasks, even surpassing human prowess. However, these systems operate with
a 'black-box'-like nature, i.e., their internal functioning is not revealed to observers. The resultant lack of explainability of the results
makes them questionable in terms of reliability. There are also a host of questions of medicine, law and ethics that get raised. The
paper discusses the need and benefits of explainability in Al-based healthcare and its ethical implications in bringing these tools to
practical usage [6]. The introduction of Al across the various departments of the healthcare industry has already raised efficiency
and dropped prices. Thus, more and more ways to include Al are being pursued, from research and diagnostics to patient care and
administration. The paper discusses some areas of improvement for Al to be seamlessly integrated into healthcare, focusing on
model interpretability as a gateway to novel biological discoveries. The paper also stresses upon the importance of diverse data
types to reduce bias and raise accuracy [7].

In recent years, several advancements have been made in medical technology including the extensive use of Al and robotics. The
effectiveness of these technologies must be assessed and the Turing Test invented in 1950 is invaluable in the process even today.
This test aims to compare the intelligence of a machine to that of a human. The paper proposes modifications to the test to achieve
quantifiable performance evaluation metrics for Al and robotics to be assessed and improved for the best possible outcomes and
efficiency [8]. Sixth among the most reported malignant diseases, Oral Cancer (OC) has high mortality rates but is difficult to
diagnose until it becomes almost terminal. Low access to advanced diagnostic and imaging systems as well as human specialists
worsens the already dire problem. The paper studies the impact of such late-stage detection. It also assesses the Al-driven methods
for streamlining and speeding up the process, especially in areas with low availability of resources and experts [9].

Though Al can vastly improve and hasten doctors' work, it has not been implemented much due to no transparency and
consequently, trust. The paper discusses how Explainable Al can be used to tackle these issues, goes through some of the latest
studies on the same, suggests ways to select appropriate explainable Al methods and enlists numerical performance evaluation

metrics.
N Labelled
é Training Data

Human makes
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Fig. 3 The Al Diagnostic Process

It concludes that though explainable Al will theoretically go a long way in the acceptance of Al in mainstream medicine, neither has
its utility been proven yet, nor will it be able to solve the issue alone [10]. Fig. 3 shows the process of a diagnostic artificial
intelligence system. It takes in labelled training data to learn the diseases and their symptoms, makes a prediction, explains how it
got there via symptoms and then allows the human to make the suitable decision.
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V. APPLICATIONS

The paper compiles the findings of papers with the latest developments of Al in healthcare and medical research. It extols the
possibilities of implementing Al-based systems in biology and medicine. The paper considers this an emerging field and currently in
its infancy, with much to be accomplished still. It also elaborates case studies on epileptic seizure prediction and dysfunctional
urinary bladder filling [11]. The absence of transparency and trust in Al-functioning limits its practical applications despite all its
merits. To solve this, explainable artificial intelligence or XAl is being used to elaborate how a prediction has been reached. The
paper goes through articles from Q1 journals to highlight scope for improvement for XAl. It finds that further research is required
into discovering anomalies in one dimensional biosignals and pinpointing the important parts of clinical notes [12].

The paper studies the present scenario of Al-driven healthcare as well as discussing some applications actually in practice. It finds
that most major hospitals are boosting their resources using Al tools for diagnosing, treating, nursing and management purposes.
The paper enlists both benefits and threats to the field and concludes that though Al will definitely bolster medical efforts, much
planning is needed to effectively integrate it into healthcare in practice [13]. Covid 19 is the largest disaster faced by the globe in the
memory of most of the living. Its exponential growth rate completely overwhelmed the healthcare sector's capabilities. Al and
robotics became paramount in boosting efforts to detect, identify the risk of and monitor the virus, and develop and deliver the
vaccine throughout the planet. They also helped placate those struggling mentally and aided in telehealthcare. The paper discusses
this usage of Al and robotics to combat the pandemic following the PRISMA method [14].
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Fig. 4 Applications of Al in Healthcare

The paper delves into the combination of 10T via cardiac biosensors and ML algorithms for continuous surveillance of heart health.
It also discusses the latest advancements made in these sensors with their technical details and use-cases. It also includes
suggestions for developing a framework for personalized medicine through interdisciplinary Al projects [15]. Fig. 4 shows some of
the use cases of artificial intelligence in the healthcare industry.

From virtual nursing assistants and drug development to fraud detection and clinical trials, ai is now being used in most aspects of
the industry.
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V. CURRENT STATUS

Al has been transforming most aspects of our lives, including healthcare. The paper studies and finds that several Al systems for
cardiology are never practically employed. The systems that did well generally had large datasets, one modality and did well in
testing with foreign data. The paper suggests magnifying the approach at the beginning of product development for better results
[16]. Al has become popular in medical diagnosis related applications. The paper discusses some of the existing use-cases of Al-
based diagnostics to depict its current status to help upcoming research. It also elaborates on the benefits and barriers faced by Al in
diagnostics [17].

Al can be used to transform the process of drug discovery. Currently, low efficiency and high costs make research difficult. The
paper talks about the major hindrances to, possibilities for improvement and integration of Al into drug development [18]. The
paper reviews preliminary research into Al-based healthcare solutions in risk analysis, complications handling, patient care and
diagnostics. The paper also discusses some disadvantages of Al in medicine and the attempts being made to overcome them [19].
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Fig. 5 Companies working in Al-based Healthcare

The paper discusses how lack of resources and personnel in cancer diagnosis can be overcome by using Al. It elaborates the role of
Al in risk evaluation of asymptomatic patients and triaging symptomatic patients. It lists major Al methods in initial-stage detection
of cancer. It also lists hindrances including questions of ethics, resource scarcity and privacy [20]. Fig. 5 lists some of the companies
that are currently in the industry. These companies have been arranged by their respective subdomains including Imaging and
Diagnostics, Predictive Analysis and Risk Scoring, Genomics, Drug Discovery, Virtual Assistant, Hospital Decision Support and
Clinical Trials.

VI. FUTURE SCOPE
With big data being produced at astronomical rates, we should theoretically be making constant discoveries and advancements.
However, only part of this data is currently being processed and studied. Attempts are being made to resolve this gap by leveraging
Al tools. The paper reviews the applications of AI/ML in medicine, focusing on clinical, managerial and international health
applications to support the industry at large. It studies the effects, future patterns and possibilities of this technology in the above
components of healthcare [21]. With the influx of Al-based technologies entering healthcare, it has become important to consider its
legal implications. The paper tries to predict the ways in which Al will work, to find the stakeholders and describe conditions for
holding them accountable in case of any legal discrepancy regarding Al. The paper studies sources of judicial governance of Al,
focusing on medical norms and standards. It also helps formulate a possible framework for judicial administration of Al in
healthcare [22].
With the demand exceeding the supply of radiologists, Al is becoming imperative in building tools to aid in making the diagnostic
and medical imaging process faster, smoother and more efficient. The paper reviews a McKinsey and Company work concerning Al
in medical imaging, with special emphasis on its use-cases, capital and obstacles.
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It also predicts how the industry will grow and concludes that eventually, Al will revolutionize radiology [23]. The potential of Al
in pathology is immense and much research is being done to realize this potential to perform analytical tasks in a formal,
quantitative manner. Apart from imaging, the paper studies the possible scope of Al to be used on a molecular level. The paper
claims Al will not replace pathologists, but rather boost their efforts. It finds from its reviews that though Al is now extensively
being used in the diagnosis of cancer and other ailments, it still cannot capture the complexity a human expert is capable of [24].
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Fig. 6 Predicted Valuation of Al-based Healthcare

The paper contains reviews by two surveyors of publications on Al in healthcare to predict the future scope of the field. The study
finds that Al can be implemented in disease detection, treatment, reducing costs and promoting medical equity. The paper also
enlists some ethical risks posed by mainstream adaptation of Al, including patient data privacy [25]. The Figure 6 depicts some of
the current and estimated progress made by Al in the healthcare industry. A whopping 45% growth is estimated between 2021-27
alone.

VII. CONCLUSION
Artificial Intelligence (Al) has immense potential in the healthcare domain. Al can be used to aid medical professionals in
diagnosing, predicting the spread of and customizing treatment plans of diseases. More and more ways to include Al are being
pursued, from research and diagnostics to patient care and administration. The absence of transparency and trust in Al-functioning
limits its practical applications despite all its merits. To solve this, explainable artificial intelligence or XAl is being used to
elaborate how a prediction has been reached. Al can be used to transform the process of drug discovery. With the demand exceeding
the supply of radiologists, Al is becoming imperative in building tools to aid in making the diagnostic and medical imaging process
faster, smoother and more efficient.
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