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Abstract—Artificial intelligence (AI) is transforming the 

healthcare sector by enhancing disease diagnosis, 

improving treatment planning, accelerating drug 

discovery, and optimizing clinical decision-making. The 

integration of AI technologies, including machine 

learning, deep learning, natural language processing, 

and computer vision, has led to the development of 

intelligent medical devices and Software as a Medical 

Device (SaMD), enabling more accurate, efficient, and 

personalized healthcare services. AI-powered 

applications such as clinical decision support systems, 

medical imaging, remote patient monitoring, robotic-

assisted surgery, electronic health records, and virtual 

health assistants have significantly improved healthcare 

delivery while reducing operational costs and human 

error. 

Despite these advancements, the widespread adoption of 

AI in healthcare presents several regulatory, ethical, 

legal, and technical challenges, including data privacy, 

algorithmic bias, cybersecurity, transparency, 

accountability, and clinical validation. Regulatory 

agencies worldwide, including the U.S. Food and Drug 

Administration (FDA), the Medicines and Healthcare 

products Regulatory Agency (MHRA), the International 

Medical Device Regulators Forum (IMDRF), and India's 

Central Drugs Standard Control Organization 

(CDSCO), are developing frameworks to ensure the 

safety, effectiveness, and quality of AI-enabled medical 

devices. In India, initiatives such as the Ayushman 

Bharat Digital Mission (ABDM), the Digital Personal 

Data Protection Act, 2023, and evolving medical device 

regulations are supporting the responsible integration of 

AI into healthcare. 

This review summarizes the current applications of AI in 

healthcare, examines AI-enabled medical devices and 

their regulatory landscape, discusses major 

implementation challenges and ethical considerations, 

and highlights future directions for AI-driven healthcare 

systems. Continued collaboration among healthcare 

professionals, researchers, policymakers, regulatory 

authorities, and technology developers will be essential to 

establish trustworthy, transparent, and patient-centric 

AI solutions. With appropriate regulatory oversight, 

robust digital infrastructure, and responsible innovation, 

artificial intelligence has the potential to revolutionize 

global healthcare by improving patient outcomes, 

increasing healthcare accessibility, and promoting 

precision medicine. 

 

Index Terms—Artificial Intelligence, Healthcare, 

Software as a Medical Device (SaMD), Machine 

Learning, Deep Learning, Medical Devices, Clinical 

Decision Support, Digital Health, Healthcare Regulation, 

Personalized Medicine, India. 

 

I. INTRODUCTION 

 

AI-based medical device technologies, also known as 

AI-SaMD (Software as a Medical Device), use deep 

learning and machine learning to improve diagnostic 

precision, allow for real-time patient monitoring, and 

customize care. [1][2] Robotic surgery, wearable 

health monitors [1], and AI-powered imaging are 

important applications that greatly enhance patient 

outcomes while lowering administrative costs [1][2]. 

Artificial Intelligence (AI) has emerged as one of the 

most transformative technologies in modern 

healthcare, revolutionizing the way diseases are 

diagnosed, treated, and managed[3]. AI refers to the 

ability of computer systems to perform tasks that 

normally require human intelligence, including 

learning, reasoning, problem-solving, decision-

making, speech recognition, and visual perception. 

The rapid advancement of computational power, 

machine learning (ML), deep learning (DL), natural 
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language processing (NLP), and computer vision has 

significantly expanded the scope of AI applications 

across the healthcare sector. [4] By analyzing large 

volumes of structured and unstructured healthcare 

data, AI systems can generate accurate predictions, 

identify disease patterns, assist clinicians in diagnosis, 

and support evidence-based clinical decision-making. 

The healthcare industry is currently facing numerous 

challenges, including an increasing prevalence of 

chronic diseases, aging populations, shortages of 

healthcare professionals, rising healthcare 

expenditures, and unequal access to quality medical 

services. These challenges have created an urgent need 

for innovative technologies capable of improving 

healthcare efficiency while maintaining high standards 

of patient safety and quality of care.[5] AI has emerged 

as a promising solution by enabling automation of 

repetitive tasks, enhancing diagnostic accuracy, 

optimizing treatment planning, and supporting 

personalized medicine. 

One of the most significant developments in this field 

is the emergence of Artificial Intelligence-enabled 

Medical Devices and Software as a Medical Device 

(SaMD). Unlike conventional medical devices that 

rely on fixed algorithms, AI-enabled medical devices 

continuously analyze clinical data, learn from new 

information, and improve their performance over time. 

These technologies are increasingly being used in 

diagnostic imaging, pathology, cardiology, 

ophthalmology, oncology, intensive care monitoring, 

wearable health devices, robotic surgery, and remote 

patient monitoring.[6] AI-powered Clinical Decision 

Support Systems (CDSS) assist healthcare 

professionals by providing real-time diagnostic 

suggestions, risk prediction, and treatment 

recommendations, thereby reducing medical errors 

and improving patient outcomes. 

Artificial intelligence has also transformed 

pharmaceutical research and drug development. AI 

algorithms accelerate drug discovery by identifying 

novel drug targets, predicting molecular interactions, 

optimizing clinical trial recruitment, and improving 

pharmacovigilance. In precision medicine, AI 

integrates genomic, clinical, lifestyle, and imaging 

data to develop individualized treatment strategies that 

improve therapeutic efficacy while minimizing 

adverse drug reactions. Furthermore, AI-powered 

virtual health assistants and chatbots enhance patient 

engagement by providing appointment scheduling, 

medication reminders, symptom assessment, and 

health education through continuous digital 

interaction. 

Despite its tremendous potential, the integration of AI 

into healthcare presents several ethical, legal, 

technical, and regulatory challenges. [7]AI systems 

rely heavily on high-quality clinical data, making data 

privacy, confidentiality, cybersecurity, and informed 

consent major concerns. Algorithmic bias arising from 

unrepresentative datasets may lead to unequal 

healthcare outcomes across different patient 

populations. Additionally, the "black-box" nature of 

many deep learning models raises concerns regarding 

transparency, explainability, accountability, and 

clinician trust. Questions regarding liability for AI-

related medical errors and the extent of human 

oversight remain important issues requiring 

comprehensive regulatory guidance. 

Recognizing these challenges, regulatory agencies 

worldwide are developing frameworks to ensure the 

safe and effective use of AI-enabled medical 

technologies. Organizations such as the U.S. Food and 

Drug Administration (FDA), the International Medical 

Device Regulators Forum (IMDRF), the Medicines 

and Healthcare products Regulatory Agency (MHRA) 

in the United Kingdom, and the World Health 

Organization (WHO) have introduced guidelines for 

the development, validation, and post-market 

surveillance of AI-based medical devices. In India, 

regulatory oversight is evolving through the[8] Central 

Drugs Standard Control Organization (CDSCO), the 

Medical Devices Rules, 2017, the Digital Personal 

Data Protection Act, 2023, the Ayushman Bharat 

Digital Mission (ABDM), and ethical guidelines 

issued by the Indian Council of Medical Research 

(ICMR). These initiatives aim to promote responsible 

AI adoption while ensuring patient safety, data 

security, transparency, and regulatory compliance. 

The future of AI in healthcare is expected to be driven 

by advances in explainable AI, federated learning, 

digital therapeutics, precision medicine, genomics, 

robotics, Internet of Medical Things (IoMT), and 

interoperable digital health ecosystems [9]. Continued 

collaboration among healthcare professionals, 

researchers, policymakers, regulatory authorities, and 

technology developers will be essential to maximize 

the benefits of AI while addressing its associated risks. 

With appropriate governance, ethical implementation, 

and continuous technological innovation, AI has the 
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potential to reshape global healthcare by improving 

diagnostic accuracy, enhancing healthcare 

accessibility, reducing costs, and ultimately delivering 

safer, more efficient, and patient-centered care. 

 

Diagnostics and Clinical Imaging 

AI in diagnostic and clinical imaging changes 

healthcare by using machine learning and deep 

learning to make image analysis more accurate and 

improve the flow of work [4][3] 

 

Personalized Medicine :AI in personalized medicine 

uses genomic, clinical, lifestyle, and imaging data to 

find the best way to diagnose and treat each person 

[10][12]. It allows for accurate, proactive care, like 

predicting how drugs will work, finding cancers 

earlier, and managing long-term conditions [13]1[4].  

 

Drug Discovery and Development 

 

 
 

Artificial intelligence is revolutionizing drug 

discovery and development by significantly reducing 

research time from years to months, decreasing costs, 

and identifying new therapeutic candidates [12]. 

Utilizing machine learning and deep learning, AI 

enhances the processes of target identification, drug 

design, and clinical trials, leading to quicker, more 

accurate, and successful outcomes compared to 

traditional methodologies [16]. 

 

Clinical Decision Support 

By analyzing patient data using machine learning and, 

frequently, LLMs, AI-driven clinical decision support 

systems (CDSS) improve healthcare by offering real-

time diagnostics, individualized treatment 

recommendations, and better, more affordable care 

[17]. 

 

Remote Patient Monitoring 

 
 

AI-powered remote patient monitoring (RPM) makes 

healthcare better by using AI to analyze data from 

wearables and   biosensors in real time [18]. 

 

Virtual Health Assistants and Chatbots 

AI-driven virtual assistants using NLP and machine 

learning enhance patient engagement through real-

time services such as 24/7 support, appointment 

scheduling, and basic health inquiries [19].  

 

Electronic Health Records 

AI enables the analysis of large datasets from EHRs 

containing both structured data (laboratory tests, 

procedures) and unstructured data (radiology reports, 

discharge summaries) [20].  

 

Mental Healthcare 

AI-powered tools assist in early detection and 

diagnosis of mental health conditions, generate 

customized treatment plans, and provide continuous 

support — bridging resource gaps and promoting 

stigma-free environments [21].  
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Research & Development, Bioinformatics, and 

Genome Editing 

The biotechnology sector utilizes AI, especially 

Machine Learning (ML) and Deep Learning, to 

accelerate the analysis of vast datasets  

 

Clinical Trial Recruitment 

AI streamlines clinical trial processes by identifying 

suitable candidates based on patient data, improving 

recruitment efficiency and diversity. AI also monitors 

trial data in real-time, enabling rapid detection of 

problems and protocol adjustments [22]. 

 

Robotic Surgery 

AI-assisted robotic surgical systems enhance surgeon 

precision, reduce human error, and shorten recovery 

times. Real-time AI feedback makes surgeries more 

efficient and safer, with applications across minimally 

invasive procedures in neurosurgery, cardiovascular 

surgery, and beyond [23]. 

 

II. AI-ENABLED MEDICAL DEVICES: KEY 

CONSIDERATIONS 
 

 

The SaMD Framework 

Most national regulatory authorities have converged 

on classifying AI-based healthcare applications as 

Software as a Medical Device (SaMD) — software 

applications not being part of a hardware medical 

device but intended for medical purposes such as 

diagnosis, treatment, or monitoring. SaMD can 

function independently or interact with other devices. 

Its regulatory framework typically involves risk 

assessment, clinical validation, and quality, safety, and 

performance standards [11][13]. 

 

Personalized Healthcare Solutions 

Machine learning and predictive analytics are used in 

AI-powered personalized healthcare to customize 

medical interventions, diagnosis, and prevention based 

on a patient's genetic, lifestyle, and medical 

information [13][14]. 

 

Patient Safety and Adverse Event Monitoring 

By enabling real-time, automated safety risk detection 

through machine learning and natural language 

processing, artificial intelligence (AI) improves 

patient safety and adverse event (AE) monitoring. 

 

III. REGULATORY LANDSCAPE: GLOBAL 

PERSPECTIVES 

 

Regulators worldwide are taking strides toward 

regulating AI-based medical technologies to ensure 

patient safety, address ethical concerns, and protect 

data privacy. These efforts aim to minimize risks, 

ensure fairness, promote transparency, and establish 

clear accountability [1][2]. 

 

Table - 1 

Dimension India United 

States 

United 

Kingdom 

Framework 

status 

No AI-

specific 

legislation; 

existing 

healthcare 

and IT laws 

apply 

FDA-led 

guidance 

with 

multiple 

published 

frameworks 

Multi-

agency 

approach 

with 

dedicated 

AI 

programme

s in motion 

Lead 

regulatory 

body 

CDSCO 

(medical 

devices); 

MeitY 

FDA — 

Center for 

Devices 

and 

MHRA — 

Medicines 

and 

Healthcare 
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(digital/AI); 

NHA 

(digital 

health) 

Radiologic

al Health 

(CDRH) 

products 

Regulatory 

Agency 

AI / SaMD 

classificati

on 

Under 

Medical 

Device 

Rules, 2017 

— typically 

Class B or C 

risk 

Classified 

as SaMD 

under 

existing 

device 

regulations 

Classified 

as SaMD; 

addressed 

under the 

AI as a 

Medical 

Device 

Change 

Programme 

Key 

guidance 

documents 

Medical 

Device 

Rules, 2017 

Telemedicin

e Practice 

Guidelines, 

2020 

DPDPA, 

2023 (data 

protection) 

Good 

Machine 

Learning 

Practice 

(GMLP) 

AI/ML 

SaMD 

Action Plan 

2024 

Report on 

AI in 

Medical 

Products 

Jan 2025 

draft on AI 

in 

regulatory 

decisions 

 

Evidence 

Standards 

Framework 

(NICE, 

2019) 

Software 

and AI as a 

Medical 

Device 

Change 

Programme 

(MHRA, 

2021) 

Regulatory 

Horizons 

Council 

Report 

(2022) 

 

Post-

market & 

lifecycle 

monitoring 

Static MDR 

framework 

— does not 

account for 

AI's 

continuous 

learning; 

post-

approval 

change rules 

create 

operational 

burden 

Predetermi

ned Change 

Control 

Plans 

(PCCPs) 

allow pre-

approved 

algorithm 

updates; 

ongoing 

post-market 

surveillanc

e required 

Explicit 

lifecycle 

approach 

— covers 

cybersecuri

ty, 

algorithmic 

changes, 

bias, and 

post-

market 

monitoring 

throughout 

device life 

Liability &  

accountabil

ity 

Consumer 

Protection 

Act, 2019; 

liability for 

design, 

manufacturi

ng, and 

marketing 

Liability 

shared 

among 

developers, 

healthcare 

providers, 

and 

institutions; 

Patient and 

public 

involveme

nt 

emphasised

; MHRA 

addresses 

interpretati

defects; AI 

cannot hold 

medical 

licences 

FDA 

enforces 

product 

accountabil

ity 

on of AI-

driven 

decisions 

and 

accountabil

ity 

 

IV. REGULATION OF AI FOR HEALTHCARE IN 

INDIA 
 

 
India's regulatory framework for AI-based medical 

devices and healthcare technologies is evolving, 

combining existing laws applicable to healthcare and 

AI technology independently [12].  

 

Key Regulatory Bodies 

Multiple regulatory bodies oversee AI in healthcare: 

CDSCO regulates AI-based medical devices; NHA 

manages the Ayushman Bharat Digital Health 

Mission; ICMR ensures clinical validation and ethics; 

MoHFW drives AI adoption in public health; MeitY 

governs broader AI and digital health technologies; 

CCPA protects consumers from unsafe products; and 

CERT-In ensures cybersecurity for AI healthcare 

applications [14]. 

 

AI as a Medical Device 

By increasing diagnostic precision, customizing 

treatment regimens, and enhancing patient monitoring, 

artificial intelligence (AI) and machine learning (ML) 

in software as a medical device (SaMD) are 

revolutionizing healthcare. [13] 

 

Restrictions on AI in Medical Practice 

Only Registered Medical Practitioners (RMPs) 

licensed by the National Medical Commission (NMC) 

may practice medicine in India. AI's role in patient 

evaluation or management necessitates NMC 

licensing, as it cannot hold medical licenses.  
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Data Protection and Privacy 

The current data protection framework under the IT 

Act, 2000 and IT (SPDI) Rules, 2011 treats patient 

health information as Sensitive Personal Data or 

Information (SPDI). [24] 

 

Intellectual Property Considerations 

AI healthcare innovations can be protected by various 

intellectual property (IP) mechanisms, including 

patents for novel applications, copyrights for source 

code and data, trademarks for brand names, and trade 

secrets for proprietary models.  

 

Consumer Protection and Product Liability 

AI healthcare companies may face liability for defects 

in AI systems causing harm. Liability can arise from: 

design defects (AI systems with inherently flawed 

algorithms causing misdiagnosis); manufacturing 

defects (incorrectly programmed software causing 

errors); and marketing defects (failure to warn about 

known risks).  

 

V. CHALLENGES TO REGULATING AI IN 

INDIA 

 

The regulation of AI as a medical device in India faces 

challenges due to the dynamic nature of AI 

technologies. Unlike traditional medical devices, 

which are static, the current regulatory framework 

does not adequately account for AI's ability to learn, 

adapt, and evolve.  

Licensing Requirements 

While CDSCO has recognised AI-driven SaMD, 

specific relaxations or guidance remain absent. AI-

driven SaMDs are often freely downloadable from 

websites or app stores channels that cannot 

realistically obtain medical device sales licences under 

the MDR [23]. 

 

Clinical Investigations 

The MDR requires clinical investigations in human 

participants before novel medical devices can be 

marketed. CDSCO has not yet issued guidance on how 

such investigations should be conducted for SaMD — 

creating regulatory uncertainty for AI product 

developers. [24] 

Post-Approval Changes 

MDR's post-approval change framework (major 

changes requiring prior approval; minor changes 

requiring notification was designed for static, 

predictable devices. Given AI systems' dynamic nature 

— continuously learning and updating — frequent 

notifications or approvals could result, creating 

significant operational burden.  

 

Labelling 

Mandatory labelling requirements under the MDR and 

Legal Metrology (Packaged Commodities) Rules, 

2011 present unique challenges for AI-driven SaMDs: 

there is no physical label for downloadable software. 

Adapting these requirements to software products 

remains an unresolved regulatory challenge.  

Pricing and Advertising 

All medical devices are subject to Drugs (Price 

Control) Order, 2013 pricing restrictions, limiting 

price increases to 10% per twelve-month period.  

 

Healthcare Practitioner Promotion 

The Uniform Code for Marketing Practices in Medical 

Devices (UCMPMD) governs promotional activities 

and interactions with healthcare practitioners. AI-

driven SaMDs require ongoing training for healthcare 

professionals — but repeated educational interactions 

could attract scrutiny under the UCMPMD.  

 

VI. RISKS AND ETHICAL CHALLENGES 

 

Bias and Discrimination 

AI models may carry biases from training data, 

resulting in discriminatory outcomes like unequal 

healthcare for certain demographic groups. [25] 

 

Data Quality 

AI system performance is fundamentally dependent on 

the quality and representativeness of training data. 

Without comprehensive data across the full spectrum 

of patient populations, AI models may produce 

skewed results, creating risks in diagnosis and 

treatment. Defining relevant and actionable clinical 

metrics is itself a complex challenge.[24] 

Doctor-Patient Relationship 

Increasing AI reliance risks undermining the human 

dimensions of healthcare. Patients may feel alienated 

if AI systems assume larger decision-making roles, 

potentially eroding the therapeutic value of the doctor-
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patient relationship and reducing human empathy and 

judgment in clinical settings.[25] 

 

Privacy and Confidentiality 

The integration of AI with big data brings significant 

ethical, legal, and operational risks regarding patient 

data privacy. [12] 

 

Physician Preparedness 

Widespread AI adoption requires significant training 

and awareness across the healthcare workforce. In 

India, where AI adoption may be more challenging in 

rural or smaller regions, barriers include limited 

technology access, language differences, lack of 

training, and varying levels of digital expertise. 

 

Cybersecurity 

Growing reliance on AI and big data makes healthcare 

systems increasingly vulnerable to cyberattacks that 

could compromise sensitive patient data, disrupt 

clinical operations, and jeopardize patient safety. [15] 

 

Environmental Impact 

The computational power required to train complex AI 

models — particularly deep neural networks — results 

in substantial energy consumption and carbon 

footprint. 

 

Accountability and Explainability 

As AI systems gain autonomy in clinical decision-

making, the complexity of determining responsibility 

for errors or harm increases. Transparency, 

auditability, and the ability to explain their reasoning 

are crucial to maintain patient trust and facilitate 

human oversight. Urgent guidelines and disclaimers 

from regulatory authorities are necessary.[25] 

 

VII. KEY ENABLERS: INDIA'S DIGITAL 

HEALTH ECOSYSTEM 

 

Ayushman Bharat Digital Mission (ABDM) 

The ABDM is India's pivotal initiative for creating an 

integrated digital health ecosystem. Its primary 

components — the Ayushman Bharat Health Account, 

Health Facility Registry, Healthcare Professionals 

Registry, and Unified Health Interface — aim to 

facilitate interoperability and data-driven healthcare 

delivery across the country.[21] 

Digital Public Infrastructure 

India's robust digital public infrastructure — 

accessible, secure, and interoperable — has played a 

transformative role in the digital economy. Combined 

with mobile technology proliferation and improving 

connectivity, this infrastructure provides the 

foundational layer for AI-enabled healthcare delivery 

at scale, including telemedicine expansion.[25] 

 

Telemedicine — e-Sanjeevani 

Telemedicine platforms are effectively overcoming 

geographical barriers, particularly in rural and 

underserved regions. e-Sanjeevani exemplifies a 

telemedicine service delivering healthcare to millions 

of individuals [12] 

 

Government Initiatives 

The Indian government is promoting digital health 

through the National Health Policy and National 

Digital Health Mission, fostering the adoption of 

digital technologies in healthcare. Initiatives like the 

Pradhan Mantri Jan Arogya Yojana are establishing an 

ecosystem for AI-driven healthcare innovations.[12] 

 

VIII. FUTURE DIRECTIONS 

 

Accelerated AI Integration 

AI is projected to drive significant advancements 

across all facets of healthcare delivery. This 

technology will enhance diagnostic capabilities, 

improve operational efficiency through automation of 

administrative tasks, and contribute to improved 

patient outcomes. Healthcare AI investment globally 

is expected to reach $11.78 billion by 2025.[25] 

 

Expansion of Telemedicine Services 
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Telemedicine services are expected to continue their 

substantial expansion, maintaining a vital role in 

broadening healthcare access, particularly in 

underserved regions. As regulatory frameworks 

mature, AI's role in telemedicine will likely evolve 

from purely assistive to more substantive clinical 

functions, under appropriate oversight 

mechanisms.[12] 

 

Development of Digital Health Ecosystems 

The ABDM is spearheading development of more 

interconnected digital health infrastructure, aiming to 

enhance interoperability among healthcare providers 

and deliver seamless patient experiences. This 

includes integration of AI tools across diagnostic, 

therapeutic, and administrative workflows to create 

cohesive digital health systems. [15] 

 

Data-Driven and Federated Healthcare 

AI-based analytics will become a key driver of 

personalized medicine and predictive diagnostics. 

Innovations like federated learning — training 

predictive models across decentralized data sources 

without centralizing patient data — offer promising 

solutions that enable collaboration while maintaining 

privacy. [21] 

 

Emerging Technologies Beyond AI 

Several adjacent technologies will significantly impact 

healthcare delivery, including: Virtual and Augmented 

Reality (VR/AR) for medical training and procedures; 

Robotics enhancing surgical efficiency and access; 

Nanotechnology for targeted drug delivery in 

treatments like cancer; 3D Bioprinting addressing 

organ shortages by creating biomimetic structures; and 

Pharmacogenomics improving drug prescription 

through genetic testing to enhance efficacy and reduce 

adverse reactions. 

 

Global Collaboration and Standardization 

The WHO is advocating for increased global 

collaboration in digital health policy development, 

focusing on interoperability, security, and data-driven 

policy applications. Standardized data exchange 

protocols (e.g., HL7 FHIR) are crucial for enabling 

seamless integration across heterogeneous healthcare 

information systems. International alignment on AI 

standards will be essential for ensuring that digital 

health solutions are safe, effective, and mutually 

transferable.[25] 

 

IX. CONCLUSION 

 

• AI integration in healthcare can transform patient 

care, efficiency, and medical research, particularly in 

India. 

• India faces challenges like healthcare workforce 

shortages and chronic disease burdens, making AI a 

significant solution. 

• The regulatory landscape is adapting, addressing 

issues such as liability, accountability, and algorithmic 

transparency as AI systems gain autonomy. 

• Multi-stakeholder collaboration is essential: 

policymakers need adaptive frameworks, healthcare 

providers must enhance AI literacy, and technology 

developers must ensure safety and fairness. 

• Patient empowerment as informed participants in AI-

enabled care is crucial. 

• Investment in tech infrastructure, skill development, 

and regulatory standards is necessary for effective AI 

deployment. 

• India's ethical guidelines and emerging AI standards 

position it as a model for global AI health 

transformation, aiming to improve health outcomes 

and frameworks. 
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