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Abstract

The convergence of artificial intelligence and advanced wireless communication systems has significantly transformed
biomedical engineering, particularly in the development of innovative drug delivery technologies. With the growing
demand for precision medicine and real-time patient monitoring, intelligent and connected healthcare systems have
become increasingly important. Wireless communication frameworks such as multiple-input multiple-output orthogonal
frequency division multiplexing offer high data rates, improved reliability, and efficient spectrum utilisation, making them
highly suitable for biomedical applications. This narrative review aims to explore the integration of artificial intelligence-
enabled multiple-input multiple-output orthogonal frequency division multiplexing systems and their potential
applications in drug delivery and healthcare. The review is based on recent literature from biomedical, pharmaceutical,
and communication domains to provide a comprehensive understanding of this interdisciplinary field. The findings
indicate that artificial intelligence significantly enhances signal processing, resource optimisation, and real-time
monitoring capabilities in biomedical systems. These advancements support the development of smart drug delivery
systems, implantable medical devices, wearable monitoring technologies, and telemedicine platforms. Artificial
intelligence-driven approaches enable precise drug administration, improved patient monitoring, and efficient healthcare
delivery. In conclusion, the integration of artificial intelligence with wireless communication systems presents a promising
pathway for developing personalised, efficient, and intelligent drug delivery solutions, thereby advancing the future of
modern healthcare systems.
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1. Introduction

Drug delivery technologies have evolved significantly
over the past few decades and have moved to the most
recent varieties, which cease to be the most common
types of dosage but sophisticated mechanisms that offer
specific and targeted therapeutic action. Traditional drug
delivery techniques are associated with undesirable side
effects such as failure to deliver drugs site-specifically,
low bioavailability, systemic bio-adverse effects. The
difficulties are addressed by innovating modern-day
drug delivery methods which are capable of enhancing
health care properties, including drug stability,
bioavailability and therapeutic effects with the aid of
nanocarriers, liposomes as well as polymer-based
systems (Patra et al., 2018). This can be done with such
sophisticated systems to ensure the precise control of the
drug release profiles to increase the capability of the
patient to comply or respond to treatment effectively.
Focused and regulated drug delivery systems has been
critical in the recent pharmaceutics since it ensures that
the therapeutic agents reach the target site of action. This
practice with a focus decreases the side effects and
maximizes the effectiveness of the drugs, particularly in
the management process of the chronic and complex
diseases. Incorporation of smart technologies in drug
delivery systems has also contributed to the emergence
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of personalised medicine, in which the treatment options
are based on the specific characteristics of the patient
(Panchpuri et al., 2025). These are the developments that
are necessary in enhancing clinical outcomes and
minimising medical expenses.

The introduction of intelligent healthcare systems has
changed the paradigm of biomedical engineering
because of the use of highly developed computational
technologies and real-time monitoring devices
(Rajkomar et al., 2019). One of the enablers of this shift
is artificial intelligence (AI), which provides such
features as data-driven decision-making, predictive
analytics, and automation. Pharmaceutical development
and the design of drug delivery have shown large-scale
applications of Al, such as machine learning and deep
learning, to make the formulation process optimal and
improve therapeutic performance (Vora et al., 2023;
Colombo, 2020). Moreover, Al-based systems can
facilitate the early detection of the disease, treatment
planning and constant monitoring of the patients, which
helps to make healthcare delivery more efficient (Esteva
et al., 2019; Topol, 2019).

Another essential part of the modern healthcare system
is reliable wireless communication, especially to the
implantable and wearable medical devices that need
constant transfer of data. Wireless technologies can be
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used to monitor and control drug delivery systems in
real-time and thus allow timely medical intervention.
New technologies, like wireless on-demand drug
delivery systems, can enable a third party to control the
release of the drugs through innovation and methods of
better treatment and convenience to patients (Mirvakili
and Langer, 2021). Among other wireless
communication technologies, multiple-input multiple-
output orthogonal frequency division multiplexing
(MIMO-OFDM) has been attractive because of high
data rate, strength, and efficient spectrum utilisation; it
is reasonable to apply it in biomedical applications.
Even though these developments have been made, there
is still a substantial gap in the overall integration of
artificial intelligence, wireless communication systems,
and drug delivery technologies. Although separate areas
have been well researched, their use in combination in
biomedical engineering and pharmaceutics remains very
new. This gap can be used to emphasise the necessity of
a systematic review that could investigate the potential
of Al-enabled wireless systems to improve drug delivery
and healthcare applications.

Thus, the aim of this review is to offer an overview of
the application of artificial intelligence to wireless
MIMO-OFDM systems and the integration of these
systems with biomedical engineering, especially drug
delivery. The review will speak about basic principles,
main uses, issues, and prospects of the future, therefore
providing some understanding about the evolution of
intelligent and connected healthcare systems.

2. Fundamentals of AI and Wireless MIMO-OFDM
Systems

2.1 Artificial Intelligence in Healthcare

Machine learning (ML) and deep learning (DL) methods
have become an innovative instrument of artificial
intelligence (Al) in healthcare. ML allows the systems to
pick patterns in data and make inferences, whereas DL
uses multi-layered neural networks to represent and
analyse complex data (Goodfellow et al., 2016; Shrestha
and Mahmood, 2019). These methods are commonly
used in diagnoses, disease prediction, and making
decisions in clinical settings, which are very useful in
making the health system more accurate and efficient.
The use of Al also promotes automation in medical
imaging, patient monitoring, and individual treatment
plans (Ponnusamy et al., 2022). Moreover, Al combined
with communication systems improves real-time data
analysis and smart healthcare provision, and the recent

developments emphasise the increased importance of
deep learning in intelligent wireless healthcare systems
(Mao et al., 2018).

2.2 Basics of MIMO-OFDM Systems

Multiplexing wireless communication systems, like
multiple-input multiple-output orthogonal frequency
division multiplexing (MIMO-OFDM), are important in
contemporary healthcare practice. MIMO is designed to
have multiple antennas on both the transmitter and
receiver side to enhance the data throughput and
reliability, whereas OFDM wuses more than one
subcarrier, which is orthogonal to break down the signal
to enhance the spectral efficiency (Daniels et al., 2009).
MIMO plus OFDM offer high data rates, resistance to
interference and use of bandwidth effectively, thus it is
appropriate in biomedical communication systems.
Also, machine learning devices have been utilised more
frequently to improve the performance of wireless
networks such as channel estimation and signal
detection (Jiang et al., 2016; Sun et al., 2019). The
performance of the physical layer can also be advanced
by deep learning techniques that allow adaptation and
data-driven communication strategies (O’Shea and
Hoydis, 2017), and neural network-based techniques are
used more and more often in the design and optimisation
of intelligent wireless networks (Chen et al., 2017).

2.3 Relevance to Biomedical and Drug Delivery
Systems

The introduction of Al-based MIMO-OFDM systems is
specifically applicable to the biomedical and drug
delivery field, where quality and real-time
communication are critical. Wearable and implantable
medical devices, including insulin pumps and
biosensors, need to be constantly linked to transmit data
and control it. In such systems, Al methods make it
easier to allocate resources intelligently and adaptively
communicate, which makes them energy-efficient and
reliable (Hu et al., 2021). Additionally, the distributed
machine learning systems can also facilitate
decentralised data processing within healthcare
networks to enhance the scale and responsiveness. These
innovations help with tracking in real-time, with the
administration of drugs remotely, and with customised
healthcare solutions, showing the significance of
wireless systems based on Al in contemporary
pharmaceutics (Zhang et al., 2019).

Table 1: Comparison of AI Techniques Used in Biomedical Communication Systems

Al Technique Application Advantages Key References
Machine  Learning | Disease prediction, signal | Efficient pattern recognition, | (Jiang et al., 2016; Sun et al.,
(ML) processing predictive capability 2019)
. Medical imaging, wireless | High accuracy, automatic | (Goodfellow et al., 2016;
Deep Learning (DL) signal detection feature extraction Shrestha & Mahmood, 2019)
Distributed Learning Healthcare networks, loT- Scalability, reduced latency (Hu et al., 2021)
based systems
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Al-based  Wireless | Channel estimation, Improved network efficienc (Daniels et al., 2009; O’Shea &
Optimisation resource allocation P Y Hoydis, 2017)

Intelligent Healthcare | Smart . monitoring, Real-time decision-making (Ponnusamy et al., 2022; Zhang
Systems automation etal.,, 2019)

Table 1, in the summary, has identified that diverse AI methodologies have been used in biomedical communication
systems to improve the performance, reliability, and decision-making abilities.

3. Al Integration in Wireless Biomedical Systems

3.1 AI for Signal Processing

Al has played an important role in boosting signal
processing in wireless biomedical systems, especially in
MIMO-OFDM. Channel estimation is one of the main
applications where Al models can be trained to capture
the complicated channel properties and closely predict
them, enhancing the reliability of the communication
(Shamna & Shanthi, 2020b). Neural networks, also
known as deep learning methods, have been shown to be
more successful in the estimation of channel state
information than traditional approaches (Jiao et al.,
2021; Wang et al., 2017; Shamna & Shanthi, 2020a).
Also, machine learning methods are common
applications in multi-user MIMO systems to maximise
receive processing and eliminate interference, which
improves the performance of the system (Goutay et al.,
2021).

Reduction of noise is also another very important factor
in biomedical communication, particularly among
implantable and wearable devices that are used in a noisy
environment. The Al algorithms can help reduce the
noise and locate the meaningful signal, improving the
quality of the data and the accuracy of its transmission.
The methods based on neural networks served to
determine patterns and eliminate distortions of the
biomedical signals in order to provide reliable
monitoring and diagnosis (Sutariya et al., 2013). These
inventions focus on the value of Al to boost the
efficiency and power of wireless biomedical
communication systems.

3.2 AI for Resource Optimisation

Wireless biomedical systems demand effective
optimisation of resources and power and bandwidth has
to be taken into consideration. The Al methods are
important in optimising these resources as they allow
making decisions which are adaptive and intelligent. As
an example, deep learning has been used to apply hybrid
precoding and beamforming to MIMO systems to
enhance spectral efficiency and power consumption (Li
and Alkhateeb, 2019). These techniques permit active

control of the transmission parameters depending on the
environmental characteristics and demands of the
system.

In implantable medical devices, battery life is often
restricted and power efficiency is especially important.
Optimisation methods through AI can be used to
minimise the use of energy as resources are efficiently
distributed and avoid the transmission of redundant
messages. In a similar way, machine learning algorithms
can be run to optimise bandwidth by prioritising
essential medical information and ensuring effective
communication. The methods will help in building
efficient and energy-efficient biomedical
communication systems with high performance that will
facilitate the provision of reliable and sustained
healthcare services.

3.3 AI for Real-Time Monitoring and Decision
Making

Biomedical systems using Al would involve real-time
monitoring and making intelligent decisions, which is
crucial to effective medical service provision and
medication. Continuous patient monitoring is based on
wireless communication to transfer physiological
parameters, and the analysis is performed with the help
of Al algorithms to identify abnormalities in a timely
manner. These systems improve the safety of the patients
and facilitate medical procedures in a timely manner.
Moreover, Al-based systems can facilitate smart drug
delivery by processing patient-specific information and
changing the dose delivery. Nanotechnology coupled
with AT has also developed drug delivery systems that
allow therapeutic agents to work precisely and
controllably (Almansour et al., 2024). The Al models
can be used to determine the ideal dosage and the time
of delivery of the medication, enhancing the treatment
results and decreasing the number of side effects. Also,
neural network-based solutions are useful to induce
data-driven decisions in the pharmaceutical industry,
which increases the effectiveness of drug delivery
procedures (Sutariya et al., 2013).
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Decision System
(Drug Delivery / Monitoring)

Figure 1: Architecture of Al-enabled MIMO-OFDM Biomedical System

The general structure of an Al-powered MIMO-OFDM
biomedical system is shown in Figure 1, which marks
the incorporation of AI modules into signal processing,
resource optimisation, and decision-making frameworks
in wireless communication. This architecture illustrates
the transmission, processing and analysis of biomedical
devices data in real time to provide intelligent healthcare
solutions.

4. Applications in Drug Delivery and Biomedical
Engineering

4.1 Smart Drug Delivery Systems

Pharmaceutics: Al-enabled smart drug delivery systems
have transformed the current state of pharmaceutics by
empowering the precise, controlled and personalised
therapeutic intervention. To control drug release systems
with Al machines, machine learning algorithms are used
to find the optimal dose and timing of a specific
medicine based on patient-specific data, including
physiological parameters and disease progression
(Mutha et al., 2024; Singh and Nishad, 2025). These
systems facilitate the effectiveness of therapy and reduce
the negative reactions. Moreover, nanoengineered
biomaterials in combination with Al can be used to target
drugs at the cellular and molecular levels to enhance the
treatment outcomes of complex diseases (Mozafari,

2020; Bae et al., 2025). Regulated drug delivery
methods are also developing, providing them with better
release rates and drug specificity (Adepu &
Ramakrishna, 2021).

Another important development is wireless-controlled
drug delivery, where additional signals are received
remotely and utilised to regulate drug release. These
systems allow the on-demand delivery of the drug,
which is especially important in the context of the
treatment of chronic diseases and implantable
therapeutic devices (Mirvakili & Langer, 2021).
Nanocarrier systems combined with Al can also improve
drug targeting, stability, and release kinetics, which
cannot be measured with traditional delivery systems
(Alshawwa et al., 2022; Shinde et al., 2025).

4.2 Implantable Biomedical Devices

The implantable biomedical devices are essential in the
continuous monitoring of healthcare and the delivery of
drugs. Neural implants, pacemakers, and insulin pumps
are devices that are based on wireless communication
systems to transfer and control real-time data. Al adds
functionality to these devices, predictive analytics, and
responsiveness according to patient condition. As an
example, insulin pumps are insulated by Al and can
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adjust their delivery dynamically by measuring glucose
levels to enhance the management of diabetes.

Likewise, pacemakers with artificial intelligence can
observe the activity of the heart and adjust the
stimulation to achieve optimal functioning. The neural
implants, which are applicable in the case of
neurological conditions, are characterised by the signal
processing and decision-making supported by Al and,
therefore, allow for precise stimulation as well as
achieve better therapeutic results (Hamet and Tremblay,
2017). New bio-cyber interfaces also combine both
biological systems and smart communication networks
so that new, advanced targeted drug delivery systems can
be implemented (Kamal et al, 2026). Such
developments underscore the need to amalgamate Al
with wireless systems in order to enhance the efficiency
and reliability of implantable medical devices.

4.3 Wearable Systems

The systems of wearable biomedical systems have
received a lot of attention because they offer continuous
monitoring and drug delivery. These gadgets gather
physiological data in real-time, which is subsequently
analysed with Al algorithms to identify abnormalities
and prescribe treatment measures. The Al-powered
wearable devices are especially effective in treating
chronic conditions where constant observation is a key
to successful treatment.

A combination of the Internet of Things (IoT)
technologies and Al also contributes to advanced
functions of wearable systems that can facilitate smooth

interaction  between  gadgets and  healthcare
professionals. Such systems can allow automated
delivery of drugs on the basis of real-time data analysis,
which enhances compliance and treatment results in
patients (Raikar et al, 2023). Also, wearable
technologies developed using Al can be used in early
diagnosis and preventive care, eliminating the pressure
on health systems.

4.4 Telemedicine and Remote Healthcare

The combination of Al and wireless communication
technologies has contributed to the improvement of
telemedicine and remote healthcare  systems
significantly. These systems allow remote monitoring,
diagnosis and treatment, thus making healthcare more
efficient and accessible. Patient care systems are Al-
assisted systems that process big amounts of medical
data to make precise and timely suggestions to enhance
clinical decision-making (Ahmed et al., 2020).

Wireless communication and Al-based remote drug
delivery systems enable healthcare professionals to
monitor their patients and readjust their treatment plans
remotely. This comes in particularly handy to patients of
the isolated or underserved areas. It is also possible to
have personalised medicine with the help of Al-based
solutions that may suggest certain treatment plans,
which are created based on the personal data and make
treatment more effective. Development of Al, wireless
communication and intelligent drug delivery systems is
an important breakthrough in the development of
connected and intelligent healthcare systems.

Table 2: Applications of AI-Enabled Wireless Systems in Drug Delivery

Application Technology Used Role of Al Key References
. . Dose optimisation, | (Mozafari, 2020; Bae et
Smart Drug Delivery Nanocarriers, AI models targeted delivery al,, 2025)
Wireless Drug Delivery | MIMO-OFDM, sensors | On-demand drug release %/Izni\;aklh & Langer,
. Insulin pumps, | Real-time  monitoring, | (Hamet & Tremblay,
Implantable Devices pacemakers adaptive control 2017)

Wearable Systems

IoT, biosensors

Continuous monitoring,
automation

(Raikar et al., 2023)

. Decision support, | (Ahmed et al.,, 2020;
Al-driven Healthcare ML platforms predictive analysis Mutha et al., 2024)
Nanotechnology-based Nano-carriers Controlled release, | (Alshawwa et al., 2022;
Delivery targeting Shinde et al., 2025)

The use of Al-powered wireless systems in the biomedical and drug delivery field is prevalent, as seen in Table 2, which

indicates that Al-powered wireless systems can be used in numerous biomedical and drug delivery projects.
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Figure 2: Workflow of AI-Based Smart Drug Delivery

Figure 2 demonstrates the steps of the workflow of Al-
based smart drug delivery systems, indicating the
combination of data collection, wireless communication,
artificial intelligence processing, and decision-making to
ensure the best therapeutic effects.

5. Challenges and Limitations

Irrespective of the high levels of development of Al-
based wireless biomedical systems, there are a number
of challenges and limitations that do not favour their
extensive use in drug delivery and health care
applications. Among the key issues are those that are
associated with the technical challenges, such as latency,
interference, and reliability of the system.
Environmental factors can cause a degradation of
wireless communication systems like MIMO-OFDM,
which can impact data transmission and decision-
making in real-time. Even by the slightest delay or
incorrectness, patient safety is at risk in critical
healthcare applications, which is why high-quality and
consistent system design is essential.

Another key issue of Al-based healthcare systems is data
privacy and cybersecurity. The use of Al and biomedical
equipment comes with the gathering and sharing of
patient-sensitive information; thus, such systems are
prone to cyberattacks and information leaks. Patient
confidentiality and trust imply that it is necessary to
ensure that the data are stored securely, encrypted, and
the privacy regulations are complied with (Choudhry et

al., 2024). Also, biometric and Al-based systems
contribute to making the management of security even
more complicated, necessitating sophisticated protection
measures.

There are also regulatory issues, which are important
factors restricting the use of Al in the pharmaceutical
and drug delivery. Safety, efficacy, and reliability of the
medical devices and drug delivery systems, which are
operated by Al, require strict regulations before their
approval. Nonetheless, the ever-changing and
responsive character of Al models renders a standardised
assessment framework challenging to the regulatory
authorities (Mak and Pichika, 2019). Such an absence of
definite guidelines may slow down the process of
creating and commercialising innovative healthcare
solutions.

Another notable weakness is integration complexity
since the combination of Al algorithms and wireless
communication  systems  with  pharmaceutical
technologies needs interdisciplinary skills. The
technological and biological systems should be well
integrated with hardware and software so that the
systems can run smoothly. Moreover, the introduction of
high-end AI models into biomedical devices with a
limited number of resources also presents new issues
associated with computational needs and device
performance (Mottaghi-Dastjerdi and Soltany-Rezaee-
Rad, 2024).
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Lastly, the accessibility of the Al-enabled drug delivery
systems is curtailed by the problem of cost and
scalability. The setup, installation, and maintenance of
these systems are very expensive and are not feasible on
a large-scale basis of implementation, especially in low-

resource environments. In order to achieve the full
potential of Al-driven wireless biomedical systems in
the contemporary healthcare setting, it is necessary to

address these challenges.

Table 3: Challenges and Potential Solutions

Challenge Description Potential Solution Key References

. Latency, interference, signal | Advanced signal processing, | (Mottaghi-Dastjerdi &
Technical Issues reliability Al optimisation Soltany-Rezaee-Rad, 2024)
Data Privacy & | Risk of data breaches and | Encryption, secure Al
Security cyberattacks frameworks (Choudhry etal., 2024)
Regulatory Lack  of  clear  approval Standardised Al regulations (Mak & Pichika, 2019)
Challenges frameworks
Integration Difficulty in combining Al, | Interdisciplinary system | (Mottaghi-Dastjerdi &
Complexity wireless, and pharma systems design Soltany-Rezaee-Rad, 2024)
Cost & C . Cost-effective Al  models, .
Scalability High implementation cost scalable infrastructure (Mak & Pichika, 2019)

In brief, Table 3 summarises that these challenges can be
mitigated using specific solutions, such as intensive
security measures, regulating the standardisation of
regulatory protocols, and an effective system design
Strategy.

6. Future Perspectives

The future of Al-enhanced wireless biomed medical
systems has a very great future in revolutionising drug
delivery and health care using the better version of
technology add-on. The existing development paths that
appear to give the greatest promise to the improvement
of Al-simulated precision medicine include the
customisation of treatment plans in accordance with
specific patient information, including genetic,
physiological, and lifestyle data. By processing
complicated data, Al algorithms can forecast the
progression of a disease and provide the most effective
treatment, which results in better clinical outcomes.
With the advent of next-generation wireless
technologies, especially 5G and the next 6G network, it
is presumed that the health care system may be improved
even more, allowing the application of ultra-reliable and
low-latency communication. The current technologies

will enable the transmission of real-time data collected
by biomedical devices, enabling constant monitoring
and decision-making. The development is particularly
useful in remote healthcare and telemedicine
implementation, as immediate action is essential.
Another important direction of development in the
future is integration with nanotechnology. Al could have
a significant impact on nanocarriers, potentially
allowing their use to deliver therapeutic agents with high
specificity to the affected tissue by reducing side effects
and ensuring that treatment reaches the affected tissues.
This strategy helps to increase the effectiveness of drugs
and promotes the production of novel treatment forms
for complex diseases.

Even the method of personal delivery of drugs is likely
to learn a new form as Al will allow modifying the dose
based on feedback provided by the patient in real-time.
These systems are able to provide a dynamic change in
the drug release profiles, resulting in better compliance
by the patient and increased therapeutic efficacy. Also,
the use of intelligent decision-making systems will
contribute to the automation of the healthcare process,
the minimisation of the role of human error, and
increased clinical efficiency.
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Figure 3: Future Roadmap of AI-Enabled Drug Delivery Systems

The general future map of Al-based drug delivery
systems is shown in Figure 3 that demonstrates the
coming together of Al, wireless communication,
nanotechnology, and healthcare systems. This non-
specific solution depicts how the new technologies can
integrate with each other to facilitate innovations in drug
delivery and biomedical engineering that will enable the
development of more effective, customized, and
affordable healthcare solutions.

7. Conclusion

This review identifies the revolutionary quality of the
artificial intelligence (AI) integration with wireless
MIMO-OFDM in technologies of biomedical
engineering and drug delivery. The findings indicate that
Al has been discovered to significantly optimise
valuable functions in Al signal processing, resource
management and real-time decision-making, thereby
enhancing the efficiency, reliability, and flexibility of the
wireless biomedical systems. Applications of smart drug
delivery systems, implantable medical devices, wearable
monitoring devices, and telemedicine platforms have
portrayed great prospects of improving patient care and
treatment. Another issue identified in the review is that
interdisciplinary integration with the knowledge in the
pharmaceutical sciences, biomedical engineering and
artificial intelligence and wireless communication
technologies is highly essential. The secret to the
development of intelligent, patient-centric healthcare
systems that will be capable of surmounting complex
medical problems is that cooperation. These fields also
intersect with each other giving the opportunities to
formulate more complex systems, which are more
precise and effective in their therapeutic delivery, which
are more controlled and targeted and offer more
personalised therapies. Subsequently, the further
progress in Al and the following generations of wireless
communication, 5G and 6G, and application of
nanotechnology are most likely to modernize the system
of drug delivery in the future. The technologies will

assist in developing highly flexible and personalised
solutions in healthcare to improve access and clinical
outcomes. In general, intelligent, effective, and
integrated healthcare ecosystems in the future are a
potential direction in the development of wireless
biomedical systems with Al.
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