
 

 

  

 
This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License 
(CC BY-NC 4.0), which permits others to share, copy, redistribute, and adapt the work for non-commercial purposes, 
provided the original author(s) and source are credited appropriately. Further details are available on the official AMRJ Open 
Access policy page: https://amrj.net/open_access_policy.php. 

 

Interventions on Clinical Utility 

A Methodological Framework for Integrating 

Artificial Intelligence Agents in Medical Device 

Design  

 

 

 

 

 

 

 
 
 
 
 
 
 

Received: June 13, 2024; Revised: December 25, 2024; Accepted: March 7, 2025  

Corresponding Email: tariq.javid@hamdard.edu.pk 

DOI: https://doi.org/10.59564/amrj/03.02/0010 

 
INTRODUCTION 

The role of artificial intelligence (AI) is increasing 

in all areas of life and work. The engineering, 

sciences, and technology disciplines focus on 

possibly incorporating AI in product design and 

improving the efficacy of processes and services1. 

Health systems are primary in achieving and 

maintaining societal health and economic growth. 

According to the World Health Organization 

(WHO), health systems are “the ensemble of all 

public and private institutions and resources, 

mandated to improve, maintain or restore health, 

and they encompass “personal and population 

services, as well as activities to influence the 

policies and actions in other sectors to address 

the social, environmental and economic 

determinants of health”1. A medical device is a 

major component of a health system. It plays a 

significant role in enabling healthcare to leverage 

the use of AI technologies to improve the quality 

of health2. 

 

A medical device, according to the Food and Drug 

Administration (FDA), refers to “an instrument, 

apparatus, implement, machine, contrivance, 

implant, in vitro reagent, or other similar or related 

article, including any component, part, or 

accessory, which is” … “intended for use in the 

diagnosis of disease or other conditions, or in the 

cure, mitigation, treatment, or prevention of 

disease, in man or other animals …”2. This 

research aims to outline embedding AI 

technologies inside a medical device to transform 

the traditional health system into an AI-enabled 

health system.    
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ABSTRACT 

An artificial intelligent (AI) agent uses sensors to perceive and actuators to act upon its task environment. 
The sensor module provides the perception of the task environment. The actuator module facilitates the 
agent’s performing actions in the task environment. This research extends the function of a medical 
device by embedding an AI agent in the medical device during the design process. The research 
methodology utilizes a generic AI agent with fundamental learning capability and an initial knowledge 
base. The ability to learn enables the generic AI agent to operate in the initially unknown task 
environment. After sufficient interactions with the task environment, the agent becomes more competent 
than its initial knowledge base. The clinical applications are demonstrated through the use of the AI-
enabled medical device in surgical training and performance evaluation.      

 

Keywords: AI-enabled Healthcare, Artificial Intelligence, Artificial Intelligent Agents, Design Process, 

Learning, Medical Device 

 

https://amrj.net/open_access_policy.php
https://orcid.org/0000-0001-7476-8862


 

 
Javid et al. 2025 
 

   

Page | 63  
 

AI refers to the to the study of artificial intelligent 

agents3. An artificial intelligence agent receives 

precepts using sensors from its environment and 

acts upon using actuators. Precisely, this is a 

generic form of an embedded system. Therefore, 

this research study considers these artificial 

intelligent agents as embedded software or 

software robots. This research uses a typical 

software robot with initial domain knowledge and 

the ability to learn through interaction with the task 

environment. The primary contribution of this 

research work is in the form of a framework 

proposed to design the AI-enabled medical 

device.    

 

A design process’s input is needed, and the output 

is a solution. In other words, a design is a solution. 

This definition applies to the medical device 

design process as well. The input of the design 

process is the specifications, and the output is in 

the form of approved design documents. Several 

recent resources in the literature have mentioned 

the medical device design and development 

process 4,5,6,7,8,9,10. 

 

METHODOLOGY 
 
Figure-1 shows a typical detailed design process 

adopted4. The design process is the central 

component of the medical device design and 

development process. This research study 

extends the design process to embed the artificial 

intelligent agent in the device design. The 

extended process produces the design of AI-

enabled medical devices. It is an important 

milestone towards an AI-enabled health system. 

The implementations of the proposed framework 

presented in this research include applications in 

surgical training and performance evaluation. 

 

 
 

Fig.1 Typical detailed design procedure4 

 

The integration of AI in the medical device market 
is a recent achievement. The FDA product 
classification website returned two approved 
devices in search of artificial intelligence; see Fig. 
2.  
 
The medical device with code QYV display the 
slide image and objects of interest from cytology 
and uses AI-based algorithms to perform 
detection and/or characterization of cells of 
clinical importance. The medical device with code 
QJU uses a trainable AI algorithm to assist users 
in optimizing image acquisition.  
 

 
 
Fig. 2 Results of search “Artificial Intelligence” at 

the FDA product classification database 
 
The medical devices QYV and QJU use AI 
algorithms to assist users with better and optimal 
results. AI is in the form of an assistant that may 
be trainable using domain data through operator 
action. Furthermore, the AI algorithm as a 
software application assists the user in both 
medical devices. The focused tasks include the 
detection of objects, classification of cells, and 
image optimization for clinical significance.  These 
medical devices equipped with AI algorithms are 
essential for AI-enabled health systems. 
 
In this study, agents are called artificial intelligent 
agents or software robots. These are AI 
algorithms used in FDA-approved medical 
devices with product codes QYV and QJU (Fig. 2) 
 
A software artificial intelligence agent (software 
robot) acts like a sophisticated function in a 
programming language. It accepts inputs in 
various forms. These include data files, real-time 
network packets, and a variety of human inputs, 
for example, generated from keyboard, mouse, 
touchscreen, voice, gesture, etc., as sensory 
inputs. It acts on the task environment by writing 
files, sending network packets, and displaying. 
This study refers to an AI      algorithm as a 
software robot. It has initial domain knowledge 
and learning ability and is called a base agent. 
Domain knowledge refers to knowledge specific to 
the medical specialty, as already described 



 

 
 
 Integrating AI Agents in Medical Device Design 

Page | 64  
 

above, in the case of FDA-approved medical 
devices. The healthcare system is a complex task 
environment; one solution or artificial intelligent 
agent cannot assist physicians. 
 
Authors11 described the potential uses of AI to 
interpret electrocardiogram (ECG) and disease 
classification. They used the notion of AI as a 
computer model with the ability to make decisions 
and improve its performance with experience. 
They anticipated the increasing role of AI in ECG 
in the future. The computer model they referred to 
was a machine/deep learning (ML/DL) 
convolutional neural network (CNN). The ECG 
data sources included implantable and wearable 
medical devices. These AI-enabled ECG medical 
devices perform real-time ECG monitoring to 
detect and classify cardiac rhythm. Another 
research uses ML and DL methods to detect 
cardiovascular diseases in ECG images12.  
 
Research13 presented AI-enabled ECG and 
reported initial results from the medical device. 
They used the MIT-BIH Arrhythmia Database14 to 
train AI models. The prediction was based on a 
refined logistic regression model. The design of a 
three-lead ECG machine was implemented and 
demonstrated through initial results. The limitation 
of their approach was that the embedded model 
(agent) acted correctly. The task environment was 
considered wholly known a priori and entirely 
predictable. However, this study focuses on the 
base agent, as defined earlier in this section.  
 
Most medical device design and development 
research work in the literature review did not 
mention the insights of the design 
process15,16,17,18,19,20. Furthermore, the 
considerations of including AI algorithms in the 
design process of the product development life 
cycle were rarely outlined. This research study 
considers the waterfall software development 
lifecycle for the extension of the typical design 
process in Fig.1 to formulate the proposed 
framework. 
 
Verification and validation are two critical aspects 
of software testing. The verification is related to 
the device’s technical specifications. The 
validation is associated with the user 
requirements. The evaluation of medical devices 
is accomplished according to some standards. It 
often includes mechanical testing, physical 
evaluation, and clinical evaluation. In this study, 
the assessment of the AI-enabled medical device 
design prototype was proposed through standard 
methods that evaluate the performance of AI 
algorithms.  A simulation environment is well-
suited for verification, and the desired user 

acceptance level is achieved through a review 
process for the device design validation.   
 
Proposed Framework  
The first step is to update the design team 
milestones to include AI in the medical device 
design. The second step is to update the list of 
design activities to incorporate the base agent in 
the design. The base agent has initial domain 
knowledge and can learn through interactions with 
the task environment (experience). The third step 
is to embed the base agent inside the medical 
device design prototype, and the fourth step is to 
evaluate the performance, verify compliance with 
the technical specifications, and validate the user 
requirements. In the fifth stage, the design is 
finalized.    
 
The base agent (BA) with the initial domain 

knowledge (iKB) and the ability to learn      (A2L) 

is mathematically represented as follows.   

 
BA ≡ Function (iKB, A2L)    (1) 

 
After sufficient interactions (Is) with the task 
environment (TE), the base agent uses      A2L 
and updates the iKB to a working knowledge base 
(WKB) and keeps on updating. A copy of the iKB 
is stored inside the WKB to ensure backwards 
compatibility. The operation of the knowledge 
base update is represented in the form of a BA 
transformation to the operational artificial 
intelligence agent (oAIA) as follows: 
 

oAIA ← BA(WKB ← iKB, A2L)     (2) 
 
The medical device design (MDD) was equipped 
with the BA at the startup and achieved a level 
specified in (2). The MDD is mathematically 
represented as a prototype (P) as follows.  

 
MDD ≡ P (oAIA ←  BA)                  (3) 

 
Consider an MDD that has passed (p) or failed (f) 
the evaluation (E). It is represented as follows. 

 
MDD (p | f) ← E (v & v, c)    (4) 

 
Where v & v ≡ verification and validation, and c ≡ 
clinical evaluation. The approved final medical 
device design (MDDfin) is then represented as an 
MDD that has passed evaluation E. It is 
represented mathematically as follows.  

MDDfin ≡ MDD(p)                (5) 
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The mathematical formulation (1) – (5), developed 
above, is incorporated in the typical detailed 
design procedure of Fig. 1 as a graphical 
representation of the proposed framework for AI-
enabled medical device design using AI intelligent 
agents (Fig.3) The new process is evolved with 
specified steps in it, and described as follows. 
 
 

 
 

Fig-3. Proposed Framework 
 
The design team milestones include (1) as the first 
step. The milestones include incorporating the 
base agent with an appropriate timeline and 
assigning resources, including domain experts, to 
ensure the initial knowledge base and learning 
abilities. The second step is to update the list of 
design activities to incorporate the base agent in 
the design. The activity description includes the 
criteria on which sufficient interactions are defined 
for the implantation of (2). In the third step, the 
prototype incorporates (3); in the fourth step, the 
evaluation (4) is accomplished on the design 
prototype. In the fifth step, a design that has 
passed the assessment (5) may be approved for 
implementation. At this point, an approved design 
has the AI technology embedded for the 
implementation team. 
 
Results 
This section extends the earlier works13, 21 utilizing 
the proposed framework in Fig. 3. Research13 
designed an AI-based electrocardiography (ECG) 
machine for early detection of dysrhythmia. Their 
design implemented an AI model trained from the 
MIT-BIH Arrhythmia Database14, freely available 
at PhysioNet.org22. Their AI-enabled ECG 
machine implemented a regression model in the 
form of a .pkl (dot pickle) file. This file is generated 
through the pickle Python module. The algorithm 
has three stages: Date preprocessing, feature 
extraction, and classification. The implementation 
looks like QYV, See Fig. 2, and may be converted 
to QJU in a future version.  
 
Authors21 proposed an artificial intelligence agent 
to assist cardiac surgeons in performing or 
evaluating interventions. Their proposed 
architecture included an agent capable of thinking 
critically and solving problems as an assistant. 

From (2), the BA learned critical thinking (CT) and 
problem-solving (PS), as follows: 
 

oAIA{CT, PS} ← BA(WKB ← iKB, A2L) (6) 
 
The (6) replaces (2) in the proposed framework, 
See Fig. 3. The recent related works23,24,25 in the 
research literature focused on several important 
areas and have great potential to incorporate the 
proposed framework in this research.       
 

DISCUSSION  
The proposed framework represents a significant 
advancement in bridging the gap between 
theoretical AI capabilities and practical medical 
device implementation. By conceptualizing AI 
algorithms as "base agents" with initial domain 
knowledge and learning abilities, the framework 
provides a structured approach that goes beyond 
traditional static implementations. This is 
particularly evident in the mathematical 
formulation where the base agent (BA) transforms 
into an operational artificial intelligence agent 
(oAIA) through sufficient interactions with the task 
environment. The framework's strength lies in its 
systematic integration of AI verification and 
validation processes within established medical 
device design protocols, addressing a critical gap 
identified in current literature where AI integration 
considerations are rarely outlined in product 
development lifecycles. 
 
However, the framework's practical 
implementation faces several challenges that 
warrant further investigation. While the authors 
demonstrate applications in ECG analysis and 
surgical training, the scalability of the base agent 
concept across diverse medical specialties 
remains unclear. The assumption that sufficient 
interactions with the task environment will 
consistently lead to improved performance may 
not hold across all medical domains, particularly 
those with rare conditions or limited training data. 
Additionally, the framework's reliance on the 
waterfall software development lifecycle may not 
be optimal for AI systems that benefit from 
iterative development and continuous learning. 
Future research should focus on developing 
domain-specific adaptation strategies and 
exploring more agile development approaches 
that can better accommodate the dynamic nature 
of AI learning systems in clinical environments. 
 
 

CONCLUSION 
This research work proposed a framework that 
equips a medical device to leverage the 
advancements in AI technology for health system 
transformation from traditional, standard settings 
to AI-enabled health services. The embedding of 



 

 
 
 Integrating AI Agents in Medical Device Design 

Page | 66  
 

artificial intelligent agents with initial domain 
knowledge and the ability to learn has been 
demonstrated through clinical applications. The 
proposed framework ensures the design of a 
medical device is AI-enabled. It is a significant 
step towards AI-enabled health systems. In the 
future, the proposed framework is fine-tuned to 
produce a design that inherently complies with a 
given standard.   
 
Acknowledgments 
The first author acknowledges the faculty 
members and senior grade students of the 
Department of Biomedical Engineering, Faculty of 
Engineering Sciences & Technology, Hamdard 
University, Karachi, Pakistan for valuable 
discussions during the last      two years on the 
use of artificial intelligent agents in various 
projects. 

Author Contributions 
All authors contributed equally. 
 

Grant Support and Funding Disclosure 
This research work is supported by Hamdard 
University Research Committee (HURC) funds 
under grant number: HURC-31-FEST-19/2021. 

Conflict of Interests 
None. 
 

REFERENCES 
 
1. Kringos D, Ivanković D, Barbazza E, Klazinga N, Brito 

Fernandes Ó. Health system performance assessment: 
embedding resilience through performance intelligence. 
International Journal for Quality in Health Care. 
2024;36(1):mzae010.  
DOI: https://doi.org/10.1093/intqhc/mzae010 

2. Food and Drug Administration, Federal Food, Drug, and 
Cosmetic Act (FD&C Act 21), FDA 2018. 
https://www.fda.gov/regulatory-information/federal-food-
drug-and-cosmetic-act-fdc-act/fdc-act-chapter-v-drugs-
and-devices 

3. Russell SJ, Norvig P. Artificial intelligence: A modern 
approach. Pearson; 2024. 

4. Ogrodnik PJ. Medical device design: innovation from 
concept to market. Academic Press; 2019.  
DOI: https://doi.org/10.1016/C2016-0-05027-1 

5. Schoepen M, Vansteenkiste E, De Gersem W, Detand J. 
Systems thinking and designerly tools for medical device 
design in engineering curricula. Health Systems. 
2023;12(4):461-71.  
DOI: https://doi.org/10.1080/20476965.2022.2072778 

6. Bravo E, Austin-Breneman J. Design for Implementation: 
A Medical Device Development Design Process. In 
International Design Engineering Technical Conferences 
and Computers and Information in Engineering 
Conference 2023 (Vol. 87349, p. V006T06A013). 
American Society of Mechanical Engineers.  
DOI: https://doi.org/10.1115/DETC2023-114067 

7. Lee JW, Daly SR, Huang-Saad A, Seifert CM. Start with 
problems or solutions? Medical device design in Industry 
and Academia. IEEE Access. 2020; 8:208623-42.  
DOI: https://doi.org/10.1109/ACCESS.2020.3035966 

8. Soltani N, ElAnsary M, Xu J, Sales Filho J, Genov R. 
Safety-optimized inductive powering of implantable 

medical devices: Tutorial and comprehensive design 
guide. IEEE Transactions on Biomedical Circuits and 
Systems. 2021;15(6):1354-67.  
DOI: https://doi.org/10.1109/TBCAS.2021.3125618 

9. Rivera AE, Gálvez BE, Assad GD, Prieto VL. A New 
Approach to Learning Basic Medical Device Design 
Through Challenge-Based and Experiential Learning. 
Revista Iberoamericana de Tecnologías del Aprendizaje: 
IEEE-RITA. 2023; 18(4):393-9.  
DOI: https://doi.org/10.1109/RITA.2023.3324088 

10. Reynolds P. Designing eco-friendly medical devices. 
IEEE pulse. 2022; 13(4):24-6.  
DOI: https://doi.org/10.1109/MPULS.2022.3191817 

11. Martínez-Sellés M, Marina-Breysse M. Current and future 
use of artificial intelligence in electrocardiography. 
Journal of Cardiovascular Development and Disease. 
2023; 10(4):175.  
DOI: https://doi.org/10.3390/jcdd1004017 

12. Abubaker MB, Babayiğit B. Detection of cardiovascular 
diseases in ECG images using machine learning and 
deep learning methods. IEEE Transactions on Artificial 
Intelligence. 2022; 4(2):373-82.  
DOI: https://doi.org/10.1109/TAI.2022.3159505 

13. Tariq J, Muhammad F, Hina I, Tayyaba K, Najam S, 
Muhammad B, Syeda B. Artificial intelligence based ECG 
for early detection of dysrhythmia. In 1st International 
Conference on Emerging Trends in Biomedical 
Engineering, Science and Technology (ICETBEST) 
2024. 

14. Alinsaif S. Unraveling arrhythmias with graph-based 
analysis: A survey of the MIT-BIH database. 
Computation. 2024;12(2):21.  
DOI: https://doi.org/10.3390/computation12020021 

15. Abdallah M. Design, simulation, and development of a 
biosensor for viruses detection using FPGA. IEEE 
Journal of Translational Engineering in Health and 
Medicine. 2021; 9:1-6.  
DOI: https://doi.org/10.1109/JTEHM.2021.3055984 

16. Sarkisian SV, Ishmael MK, Hunt GR, Lenzi T. Design, 
development, and validation of a self-aligning mechanism 
for high-torque powered knee exoskeletons. IEEE 
Transactions on Medical Robotics and Bionics. 2020; 
2(2):248-59.  
DOI: https://doi.org/10.1109/TMRB.2020.2981951 

17. Nayar NU, Qi R, Desai JP. Toward the design and 
development of a robotic transcatheter delivery system 
for mitral valve implant. IEEE Transactions on Medical 
Robotics and Bionics. 2022; 4(4):922-34.  
DOI: https://doi.org/10.1109/TMRB.2022.3215522 

18. Payra S, Mahadevan K. Design, development, and 
evaluation of a bionic knee-ankle-foot orthosis retrofit for 
walking gait normalization. IEEE Transactions on Medical 
Robotics and Bionics. 2021; 3(3):825-37.  
DOI: https://doi.org/10.1109/TMRB.2021.3093443 

19. Gesta A, Achiche S, Mohebbi A. Design considerations 
for the development of lower limb pediatric exoskeletons: 
A literature review. IEEE Transactions on Medical 
Robotics and Bionics. 2023.  
DOI: https://doi.org/10.1109/TMRB.2023.3310040 

20. Sorriento A, Cafarelli A, Spinnato P, Russo A, Lisignoli G, 
Rabusseau F, Cabras P, Dumont E, Ricotti L. Design, 
development and validation of a knee brace to 
standardize the US imaging evaluation of knee 
osteoarthritis. IEEE Journal of Translational Engineering 
in Health and Medicine. 2021; 10:1-8.  
DOI: https://doi.org/10.1109/JTEHM.2021.3137628 

21. Faisal M, Sumaiya A, Ayesha H, Tariq J, Muhammad F, 
Jawad S. Critical thinking and problem solving intelligent 
agent for high-precision simulated image-guided cardiac 
interventions. In 1st International Biomedical and Digital 
Health Conference (IBDC) 2022.  

22. Müller K, Hatvani J, Koller M, Goda MÁ. pyPCG: A 
Python toolbox specialized for phonocardiography 
analysis. Physiological Measurement. 2024.  
DOI: https://doi.org/10.1088/1361-6579/ad9af7 

https://doi.org/10.1093/intqhc/mzae010
https://doi.org/10.1016/C2016-0-05027-1
https://doi.org/10.1080/20476965.2022.2072778
https://doi.org/10.1115/DETC2023-114067
https://doi.org/10.1109/ACCESS.2020.3035966
https://doi.org/10.1109/TBCAS.2021.3125618
https://doi.org/10.1109/RITA.2023.3324088
https://doi.org/10.1109/MPULS.2022.3191817
https://doi.org/10.3390/jcdd1004017
https://doi.org/10.1109/TAI.2022.3159505
https://doi.org/10.3390/computation12020021
https://doi.org/10.1109/JTEHM.2021.3055984
https://doi.org/10.1109/TMRB.2020.2981951
https://doi.org/10.1109/TMRB.2022.3215522
https://doi.org/10.1109/TMRB.2021.3093443
https://doi.org/10.1109/TMRB.2023.3310040
https://doi.org/10.1109/JTEHM.2021.3137628
https://doi.org/10.1088/1361-6579/ad9af7


 

 
Javid et al. 2025 
 

   

Page | 67  
 

23. Joshi G, Jain A, Araveeti SR, Adhikari S, Garg H, 
Bhandari M. FDA-Approved Artificial Intelligence and 
Machine Learning (AI/ML)-Enabled Medical Devices: An 
Updated Landscape. Electronics. 2024; 13(3):498. DOI: 
https://doi.org/10.3390/electronics13030498 

24. Ingvar Å, Oloruntoba A, Sashindranath M, Miller R, Soyer 
HP, Guitera P, Caccetta T, Shumack S, Abbott L, Arnold 
C, Lawn C. Minimum labelling requirements for 
dermatology artificial intelligence‐based Software as 
Medical Device (SaMD): A consensus statement. 
Australasian Journal of Dermatology. 2024.  
DOI: https://doi.org/10.1111/ajd.14222 

25. Shafik W. Wearable medical electronics in artificial 
intelligence of medical things. Handbook of Security and 
Privacy of AI-Enabled Healthcare Systems and Internet 
of Medical Things. 2024: 21-40.  
DOI: https://doi.org/10.1201/9781003370321 

 
 
 

 
 
 
 
 
 

 
 

https://doi.org/10.3390/electronics13030498
https://doi.org/10.1111/ajd.14222
https://doi.org/10.1201/9781003370321

