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Abstract 
This review provides an overview of Software as a 

Medical Device (SaMD), its classification, 

characterization, risk assessment and regulatory 

frameworks governing SaMD. The growing 

landscape and market size of the SaMD has been 

described. SaMD is categorized into four classes 

based on clinical impact and severity, ranging from 

general health information to real-time therapeutic 

intervention. Regulatory frameworks adopted by US 

Food and Drug Administration and the Therapeutic 

Goods Administration of Australia, are summarized, 

highlighting evolving guidance for AI- and machine 

learning-enabled SaMD. The lifecycle of SaMD, 

from planning and development to post-market 

surveillance, is also described. The regulatory 

approved use-cases of SaMD and future directions 

have been emphasised in this work. 
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I. Introduction 

The World Health Organization defines 

“medical device”as “any instrument, apparatus, 

implement, machine, appliance, implant, reagent for 

in-vitro use, software, material or other similar or 

related article, intended by the manufacturer to be 

used, either alone or in combination for a medical 

purpose”(1). Software has been used in all aspects 

of medical and non-medical indications. Software in 

a Medical Device (SiMD)refers to“embedded 

software partof a medical device hardware”. 

Software as a Medical Device (SaMD)refers 

tostand-alone software that performs a medical 

function without being part of the hardware device. 

Software used in the manufacture or maintenance of 

a medical devicerefers to“non-device software used 

around the device such as tools for design, testing 

and calibration etc” (1,2). 

The International Medical Device 

Regulators Forum (IMDRF) defines SaMD as 

“software intended to be used for one or more 

medical purposes that perform these purposes 

without being part of a hardware medical 

device”(2). It is also referred to as“standalone 

software”, “medical device software” or “health 

software” (2).  IMDRF SaMD WG N10- “Software 

as a Medical Device: Key Definitions”provides a 

globally harmonized terminology for SaMD(3).  
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The components of defining SaMD are outlined in Fig. 1(4,5). 

 
Fig. 1- Definition of SaMD 

 

II. Characterization Criteria for SaMD 
The ISO 14971:2019 is an international 

standard that defines the terminology, principles and 

the necessary systematic framework to manage risks 

related to medical devices (6).  The document titled 

“Characterization Considerations for Medical 

Device Software and Software-Specific 

Risk”(referenced IMDRF/SaMDWG/N81 FINAL: 

2025) was developed based on established risk 

management principles, including ISO 14971 (7).  

The intended use or purpose of SaMD 

defines the manufacturer’s objective regarding the 

device, its function, medical purpose, and the 

diseases for which it is designed. Clear information 

about medical purpose, intended disease, patient 

population, intended users, use environment, 

contraindications and software inputs and outputs 

are critical for regulatory affairs and safe clinical 

application. Characterization also considers the 

nature of use, change of management and software 

function. The user type, environment, timing within 

clinical workflows, and the role of software outputs, 

which may inform, supplement, or alter standard 

practices. Software functions are defined by inputs, 

outputs, autonomy, and explainability, while change 

management addresses software updates, learning 

autonomy, scope, and installation infrastructure. 

These factors provide a detailed idea to assess the 

software’s purpose, operation, risk and clinical 

impact(3). 

 

III. Risk Characterization of SaMD 
SaMD is classified across categories I to IV. It is 

based on the definition of software’s purpose and 

significance of the information it provides for 

clinical management and associated risk. Category 

IV corresponds to maximum risk whereas the 

Category I possesslow risk. 

The categories of SaMD can be broadly defined 

based on their extent of impact as follows:  

i. I- Lowest risk- General health insights- 

Does not directly influence clinical actions.  

ii. II- Moderate impact- Aids healthcare 

professionals in diagnosis or treatment. 

iii. III- High impact- Analyzes patient data to 

detect, identify or confirm diseases. 

iv. IV- Highest risk- Delivers/ modifies 

therapy, impacts patient’s health in real 

time.  

The criteria for categorization of SaMD and their 

examples are summarized in Table 1 and Table 2 

respectively(8). 

 

Table 1: Criteria for Risk Categorization of SaMD 

  Impact Based on the Defined Criteria 

S. No. Criteria Critical Serious Non- Serious 

1. Diagnostic or Treating Purpose IV III II 
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2. Drives Clinical Management Decision III II I 

3. Informs Clinical Management Decision II I I 

 

Table 2: Categorization of SaMD 

S. No. Category Examples based on the role of SaMD 

1. I SaMD which can transmit ECG, heart rate, walking speed, distance, and location for remote 

cardiac-rehab monitoring; collect peak-flow and symptom data to predict asthmatic episodes; 

analyze eye movements or images to help astigmatism assessment; store historical blood-

pressure data for later review; and analyze body-fluid or digital-slide images for cell counts 

and morphology evaluation. 

2. II SaMD which support clinicians by analyzing heart-rate data to aid arrhythmia diagnosis; 

generate personalized stroke or heart-disease risk scores for preventive strategies; helps 

patients suffering from diabetes- for managing insulin, glucose levels, and planned activity. 

3. III A microphone can identify dyspnea during sleep and alert the user; imaging tools can capture 

lesion data to support clinical diagnosis; and radiation-planning systems analyze patient-

specific information for device-assisted cancer therapy. 

4. IV A smart device for diagnostic image analysis for treatment decisions in requiring accurate 

differentiation; Ability to combine data from assays in case of diseases 

 

Appendices associated with SaMDare listed as 

follows(7) 

i. A: Statement describing the required or 

intended use 

ii. B: Explains the summary 

iii. C: Explains the examples in relation to 

understand to software problems 

iv. D: Explains the examples in relation to 

risksand features 

v. E: Explains the examples in relation to 

exact risks 

 

IV. Growing Landscape of SaMD 
In recent times, the rise of SaMD has 

gained immense attention and undergoingintense 

research and development. The global market value 

of SaMD was valued at about 29 billion USD in 

2024. It is estimated to be more than 36 billion USD 

and is expected to reach 210 billion USD by the end 

of 2034 at a CAGR of 19%(9). SaMD is a subset of 

regulated segment of digital- health technologies. 

Growing industry demand links patient-centric apps, 

telemedicine, and clinician tools into converged 

ecosystems. These technological advancements are 

possible due to rise in AI, ML, Deep Learning, IoT, 

Big Data Analytics etc. Continuous technological 

change pushes providers to adopt SaMD quickly, 

reshaping traditional models(9,10).  

 

V. Regulatory Framework for SaMD by 

FDA 
Artificial intelligence and machine learning 

are key technological advancements applied in 

medical devices for healthcare. The 510 (k) is a 

submission made to show that the device is 

equivalent to anapproved marketed device. It could 

be submitted by domestic manufacturers, 

specification developers, repackers and relabellers 

affecting the device significantly and foreign 

manufacturers or exporters (11). The transition 

towards the incorporation of AI/ML- related 

software modifications in medical devices needed a 

premarket review. This gap was addressed by the 

discussion paper titled 'Proposed Regulatory 

Framework for Modifications to Artificial 

Intelligence/Machine Learning (AI/ML)-Based 

Software as a Medical Device (SaMD)- Discussion 

Paper and Request for Feedback” published by FDA 

on 2 April, 2019 (12).  

 

5.1 Timeline of USFDA Regulatory Framework 

FDA released the "Artificial Intelligence 

and Machine Learning Software as a Medical 

Device Action Plan," outlining next steps and 

strategic goals in January 2021(13). "Good Machine 

Learning Practice for Medical Device Development: 

Guiding Principles", was issued in October 2021, to 

establish foundational principles for safe and 

effective AI/ML in medical devices(13). “Marketing 

Submission Recommendations for a Predetermined 

Change Control Plan for Artificial 

Intelligence/Machine Learning (AI/ML)-Enabled 

Device Software Functions" was released in April 

2023(13). "Predetermined Change Control Plans for 

Machine Learning-Enabled Medical Devices: 

Guiding Principles," was released in October 2023 

addressing the planning of changes during the 

lifecycle(13)."Artificial Intelligence and Medical 

Products: How CBER, CDER, CDRH, and OCP are 

Working Together," highlighting cross-center 
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collaboration for AI oversight was released in 

March 2024(13). "Transparency for Machine 

Learning-Enabled Medical Devices: Guiding 

Principles" was released in June 2024, aimed at 

building trust and clarity for stakeholders(13). Final 

guidance released titled "Marketing Submission 

Recommendations for a Predetermined Change 

Control Plan for Artificial Intelligence-Enabled 

Device Software Functions." was released on 

December 2024."Artificial Intelligence-Enabled 

Device Software Functions: Lifecycle Management 

and Marketing Submission Recommendations," 

providing guidelines for lifecycle and marketing of 

AI-enabled devices was released in January 

2025(13). 

Some of the guidelines associated with the 

regulation of SaMD are as follows (14): 

i. ANSI/AAMI/ISO 14971: Managing risks 

related to medical devices 

ii. ANSI/AAMI/IEC 62304: SaMD related life 

cycle process 

iii. ANSI/AAMI SW91: Health software- 

Classifying the defects  

 

5.2.Regulatory Framework for SaMD by TGA 

As per the Therapeutic Goods 

Administration Act 1989, SaMD can be termed as 

therapeutic goods in Australia, on meeting the 

requirements of Section 41BD. For a SaMD to be 

legally marketed, it has to be under Australian 

Register for Therapeutic Goods (ARTG).As per 

Therapeutic Goods (Medical Devices) Regulations, 

2002, SaMD can be broadly classified as shown in 

Table 3. Class I is the lowest level of classification 

and undergoes lower scrutiny whereas Class III, 

undergoes highest regulatory scrutiny(15). 

 

Table 3: Classification of SaMD as per TGA(16) 

S. No. Class Comments 

1. I Lowest risk; Minimal impact if software fails. 

2 IIa Low to moderate risk; supports clinical decisions. Failure may cause minor harm. 

3. IIb Moderate to high risk; influences significant decisions. Failure may lead to serious 

deterioration. 

4. III Highest risk; directly influences critical care. Failure may cause severe harm or death. 

 

VI. Lifecycle of SaMD(17) 
The lifecycle of SaMD involves five key phases as 

shown in Fig. 2.  

i. Phase I- Planning and risk analysis of the 

product’s vision, its intended use, market 

requirements and risk management strategy based 

on ISO 14971. It also includes setting up a Quality 

Management System compliant with ISO 13485.  

ii. Phase II- Feasibility and concept validation 

involves developing early prototypes, conducting 

usability and safety assessments, and documenting 

key elements like design inputs, intellectual property 

status and preliminary risk reports.  

iii. Phase III- Design, development and testing, 

where the software is coded and tested under 

standards such as IEC 62304, with verification, 

validation, risk assessment, and usability evaluations 

ensuring regulatory readiness.  

iv. Phase IV- Final validation and market readiness 

and covers thorough verification and validation of 

the final product, compilation of regulatory 

documents, and alignment with international 

marketing and compliance strategies.  

v. Phase V- Post-market surveillance where the 

SaMD is monitored for real-world performance, 

user feedback is gathered, and necessary updates or 

corrections are implemented. 
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Fig. 2- Lifecycle of SaMD 

 

VII. Regulatory- Approved Use Cases of 

SaMD 
Several categories of SaMD have been 

formally cleared by the FDA and included in the 

ARTG under the TGA framework. AI- based 

radiology detection tools used for identifying lung 

nodules, stroke markers, or intracranial hemorrhage 

are cleared through the FDA 510(k) or De Novo 

pathways and similarly regulated by the TGA as 

Class IIa/IIb based on diagnostic influence(18). 

Digital ECG-interpretation apps, that detect 

arrhythmias, offer rapid rhythm analysis for 

clinicians and users. Diabetes management software 

recommends insulin dosing or provides decision-

support for continuous glucose monitoring(19). 

Digital pathology software is used for whole-slide 

imaging and AI-driven cancer detection. 

Dermatology-focused SaMD that assess skin-lesion 

risk, including melanoma screening algorithms, 

have obtained FDA clearance and TGA approval 

because of their diagnostic relevance. Prescription 

digital therapeutics (DTx) for mental health, 

delivering structured CBT modules for depression, 

anxiety, or insomnia, represent another class cleared 

through FDA De Novo and accepted under TGA 

SaMD rules. Cardiac decision-support software that 

predicts adverse events or assists with triage has 

been approved in both regions, particularly due to its 

role in supporting emergency-care decisions(20,21).  

 

VIII. Regulatory Challenges 
SaMD faces key regulatory challenges due 

to its dynamic nature and rapid technological 

evolution. There is a lack of global harmonisation, 

with varying standards across countries, creating 

confusion for developers. Traditional medical 

device regulations often don’t suit AI-driven, 

continuously learning systems. Classification 

ambiguities, unclear validation protocols, and 

limited post-market surveillance hinder effective 

oversight. Data privacy and cybersecurity add 

further complexity, especially with cloud-based 

SaMDs. The opacity of AI algorithms raises 

concerns around explainability and trust. Regulatory 

bodies also struggle to keep pace with innovation, 

leaving developers with uncertain compliance 

pathways and inconsistent regulatory expectations 

across regions. As AI-driven SaMD continues 

evolving, future regulatory frameworks must 

emphasize transparency, accountability, and robust 

documentation. Explainable AI will be critical, 

particularly for high-risk clinical applications, 

demanding clear justifications for decision-making. 

Developers must maintain model architecture data 

supported by audit trails for accountability. 

Additionally, risk management must become 

continuous, adaptive, and responsive to emerging 

threats and biases. Regulatory systems should 

evolve to accommodate AI’s iterative learning 

nature and rapid advancements. Data security 

remains paramount, with future frameworks 

mandating encryption, access control, and privacy-

preserving technologies like federated 

learning(22,23). 

 

IX. Case Studies and Future Directions 
A key example is AI-based radiology 

software like Aidoc’s BriefCase, which analyzes CT 

scans to detect conditions such as intracranial 

hemorrhage and was cleared through the FDA’s 

510(k) pathway using retrospective clinical 

performance data (24). However, compliance 
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challenges arise due to classification ambiguity, 

whether such software functions as clinical decision 

support or a diagnostic tool, which affects 

regulatory requirements. Additionally, the “black 

box” nature of AI algorithms limits transparency 

and complicates regulatory evaluation, while 

performance may decline across different hospital 

settings due to data variability (25). Regulators have 

raised concerns regarding the reliability, 

generalizability, and safety of continuous AI 

updates, leading to the introduction of frameworks 

such as the Predetermined Change Control Plan 

(PCCP) and lifecycle-based monitoring by the FDA. 

Despite this, frequent updates can still trigger re-

evaluation, slowing innovation and differing 

evidence expectations between agencies like the 

FDA and TGA further complicate global approval 

(26). Real-world examples, such as AI-based 

surgical navigation errors and misidentification 

issues in diagnostic systems reported in 2026 

investigations, highlight the risk of malfunction and 

reinforce the ongoing challenge of balancing 

innovation with patient safety in SaMD regulation. 

 

X. Conclusion 
SaMD has evolved into a critical 

component of contemporary healthcare systems. 

The integration of SaMD with advanced 

technologies such as artificial intelligence has 

enabled enhanced clinical decision-making and 

patient care. To ensure safe and effective 

deployment, robust regulatory oversight, continuous 

risk management, and transparent validation 

practices are required as SaMD continues to 

advance and there is a need for stringent and 

substantiated global regulatory framework. 
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