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INTRODUCTION
In modern healthcare, Artificial Intelligence (AI) has become one of the most far-reaching
technologies, in no small part because it is changing the way we diagnose, treat and manage disease.
You could say it has been transformative for the entire system. What you see with the integration of
Al is a response to the deluge of medical data, better computational power and a pressing demand for
delivery systems that are as cost-effective as they are accurate [1]. Older methods of healthcare have

their merits but they are not without their problems; human error, slow diagnosis and the inefficient

18
This is an Creative Commons License This work is licensed under a Creative
BY NC Commons Attribution-NonCommercial 4.0 International License.


https://doi.org/10.70445/gtst.2.3.2026.18-35
mailto:Geogeedison2nice@gmail.com
mailto:Geogeedison2nice@gmail.com
mailto:Geogeedison2nice@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

. . ISSN : 3079-5761
Global Trends in Science and Volume 2, Number 3, 2026

Technology https://doi.org/10.70445/gtst.2.3.2026.18-35

processing of data are just some of the hurdles they present. Al-based systems are designed to put an
end to those shortcomings. By drawing on machine learning, deep learning and other advanced
engineering, they facilitate a more intelligent form of decision-making [2].
The reason for this shift is straightforward: there is simply too much complex data for a person to
process in any reasonable time. We are talking about information coming from genomics, clinical
trials, wearable sensors, electronic health records (EHRs) and imaging systems [3]. An Al algorithm
can find the trends and correlations in all of that which might otherwise go unnoticed, opening the
door to more precise diagnostics and tailored treatment plans. Take diabetes or cancer for example —
a machine learning model can spot the risk early on so that intervention can be timely and the patient’s
outcome better [4].
Then there is the matter of efficiency. Hospitals are under constant strain to make do with what they
have, be it staff or equipment. Al helps with resource optimization and management, something that
is vital during a crisis like a pandemic. It can forecast admissions and streamline the supply chain,
turning a reactive approach into a proactive one [5]. In fact, deep learning has given medical imaging
a real boost; these models will pick up on an abnormality in an MRI or X-ray with an accuracy that
rivals, if not beats, a human expert [6].
This review looks at the whole picture of Al in healthcare, a field that is by nature multidisciplinary.
We cover the electrical engineering side of things — essential for the design of IoT devices and
biomedical signal processing — alongside the machine learning and data analytics. It is a move away
from the rule-based past to something driven by data. While this brings new questions around ethics
and privacy, it also promises greater accessibility and precision. Our aim here is to give a thorough
account of how Al is making its mark on healthcare around the world.

EVOLUTION OF ARTIFICIAL INTELLIGENCE IN HEALTHCARE SYSTEMS
It has been a gradual yet profound evolution for Al in the medical field, going from rather basic rule-
based models to the sophisticated frameworks we have today that can handle complex decisions. You
can trace it back to when computing in healthcare was little more than expert systems running on “if-
then” logic laid down by programmers and doctors [7]. They would put forward a likely diagnosis
based on symptoms, which was fine in a controlled setting, but they were static and couldn’t adapt to
the messiness of real-world data. With more digital records and processing power came machine
learning (ML). This was a breakthrough because the algorithms could learn from the data itself rather
than being told what to do. Decision trees and random forests started to be put to work on everything

from risk stratification to classifying patients, offering a level of flexibility the old systems never had

8].
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Figure 1. Progression of Artificial Intelligence in Modern Healthcare Systems (2015-2025)
Deep learning was the next step up. Neural networks, for instance, made it possible to let the software
extract features from raw data on its own. Convolutional neural networks (CNNs) have been a game-
changer in radiology for spotting fractures or tumours, while recurrent neural networks have done the
same for sequential data like ECGs [9]. the combination of big data, cloud computing and powerful
GPUs has only sped things along. Add in natural language processing to make sense of unstructured
notes and you have an ecosystem that is as much about hospital management and drug discovery as
it is about treating the patient. Of course, the work is not done; researchers are still chipping away at
issues of interpretability and robustness [10].

MACHINE LEARNING IN HEALTHCARE

For its capacity to make sense of large, complicated datasets, machine learning has firmly established
itself as the backbone of any contemporary Al healthcare system. Machine learning in healthcare is
all about creating algorithms that can pick up on patterns in historical data and put them to work
making predictions, classifications and recommendations of their own accord [11]. There is no need
to program them for every single task. It has made a marked difference in the way clinical decisions
are made, in disease diagnosis and in forecasting patient outcomes.

Supervised learning is perhaps the most common paradigm you will find in this space. Here, models
are put through their paces with labeled datasets where you know both the input features be they

symptoms, lab or imaging results and the output, like whether a disease is present [12]. You see
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logistic regression, support vector machines (SVM), random forests and gradient boosting machines
used regularly for this. Take a case of predicting if a patient is at risk for cancer, diabetes or
cardiovascular disease from past clinical data; these supervised models are ideal for that kind of early
detection and preventive care, which in turn leads to better treatment results [13].
Then there is unsupervised learning. This method does not have the luxury of labeled data and instead
looks for hidden groupings or patterns. With clustering techniques like k-means or hierarchical
clustering, one can segment patients by similar health profiles or disease progression to spot
subgroups of diseases that were not previously known, opening the door to more tailored treatments.
For simplifying complex medical data without losing what is important, dimensionality reduction via
principal component analysis (PCA) is often the tool of choice [14].
Reinforcement learning is an area that is still emerging but holds promise. The idea is to let a model
learn the best strategy by interacting with its environment. In medicine that might mean working out
the optimal sequence of drug dosages for a chronic condition or fine-tuning a radiation schedule for
a cancer patient over time [15]. It is a dynamic way to adapt to how a patient responds and get better
overall effectiveness. Predictive analytics is another of machine learning’s most potent uses in
healthcare. By churning through patient data, predictive models can tell a hospital what to expect
down the line, be it readmissions or complications. Hospitals rely on this to put resources where they
are needed and to keep an eye on high-risk patients [16].
More and often these ML algorithms are being built right into electronic health record (EHR) systems
to give physicians real-time support. It is not without its problems. You have to contend with privacy,
imbalanced or poor quality data, and the fact that medical data can be noisy and inconsistent, which
throws off accuracy [17]. And because trust is paramount in healthcare, an ML model has to be
explainable. But on balance, machine learning has been a boon for the industry, bringing data-driven
insights and supporting personalized medicine. We can only expect it to make healthcare delivery
even more efficient and patient-focused as it evolves [18].

DEEP LEARNING APPROACHES IN MEDICAL SYSTEMS
In many ways, deep learning has become the most formidable branch of Al in healthcare. Its strength
lies in being able to automatically learn from large, complicated datasets in a way traditional methods
cannot, without the need for manual feature engineering. It can pull meaningful patterns straight from
raw material like clinical text or physiological signals [19]. Medical imaging is where you see the
most of it, with Convolutional Neural Networks (CNNs) taking center stage. They are well suited to
grid-like data and are very good at sifting through X-rays, CTs, MRIs and ultrasounds to spot a tumour

or fracture with precision. In some instances, a CNN system will outperform an experienced
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radiologist when it comes to pattern recognition, and you will find them in use across oncology,

pathology and radiology for that reason [20].
Artificial Intelligence and Deep Learning in Medical
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Figure 2. Artificial Intelligence and Deep Learning in Medical Systems

For sequential data, Recurrent Neural Networks (RNNs) and their Long Short-Term Memory (LSTM)
variants come into play. If you are monitoring ECG signals or data streams from the ICU, RNNs can
track temporal dependencies and predict what is coming based on the trend. In critical care, that kind
of early warning can be a matter of life and death [21]. Transformer models have made waves in
natural language processing. They can wade through unstructured text in physician notes or research
papers and make sense of the context, which is useful for generating reports or answering medical
queries [22].

But deep learning is not a panacea. These “black box” models are hard to interpret, and in a clinical
setting where you need to understand why a decision was made, that is a drawback. Then there is the
matter of getting hold of the large, high-quality labeled sets they require, not to mention the cost of
the hardware like GPUs needed to run them. Still, deep learning has transformed the way we do things
in medicine [23]. Going forward, the focus will be on making these systems more transparent and

easier to fit into the day-to-day workflow of a hospital.
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DATA ANALYTICS IN HEALTHCARE
In today’s healthcare systems, data analytics is indispensable. It is the means by which we turn reams
of raw medical data into the kind of actionable intelligence that underpins clinical decisions,
streamlines operations and, ultimately, leads to better outcomes for patients. The sheer volume of data
has grown exponentially in step with the digitization of the industry; you see it in electronic health
records (EHRs), genomic databases, hospital information systems and the like. Analytics offers the
necessary tools to make sense of this complex, heterogeneous information [24].
Big data is at the heart of it all. Sourced from insurance claims, lab results, imaging, patient-generated
figures from mobile apps and more, big data allows providers to spot trends and anomalies that would
otherwise go unnoticed. Through predictive modeling, for instance, one can forecast disease
outbreaks or admission rates — a vital part of any proactive care plan [25]. Then there are clinical
decision support systems (CDSS). These are perhaps the most prominent application of analytics in
the field. By running patient history and diagnostic results through data-driven algorithms, CDSS
gives physician’s evidence-based guidance on treatment and diagnosis. It standardizes care and
minimizes the chance of human error. A physician might be alerted to a high-risk patient or a potential
drug interaction, or be offered an alternative course of action [26].
We are also seeing a move toward real-time monitoring, thanks to the Internet of Things and
wearables. Smart watches and implantable sensors feed a constant stream of physiological data —
heart rate, oxygen levels, blood pressure — to analytics platforms. For someone with a chronic
condition like diabetes or a cardiovascular disorder, the system can pick up on an abnormality and
sound the alarm for timely intervention. It is not without its difficulties [27]. You have to contend
with data privacy and the need to shield sensitive medical information from cyber threats. Data quality
can be an issue too; unstructured formats and inconsistencies will throw off your models. And let us
not forget the ethical side of things: informed consent and transparency are non-negotiable when
dealing with a patient’s personal health information [28]. To get the insights you need out of such
complicated data, you have to employ machine learning and Al. As these technologies mature, they
will only make the industry more efficient and personalized.

ARTIFICIAL INTELLIGENCE IN HEALTHCARE SUPPLY CHAIN MANAGEMENT
Al is making its mark on the supply chain as well, where efficiency and cost reduction are paramount.
The system is intricate, covering everything from procurement to the use of PPE and surgical
equipment, and a breakdown can have immediate consequences for hospital operations. Al brings a
level of automation and intelligent decision-making to bear on these problems [29]. Take demand

forecasting. Where you might once have made do with historical averages and some manual
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guesswork, machine learning can now factor in regional health data, seasonal patterns and even the
threat of an outbreak to give you a much truer picture of what is coming down the pipe. In the event
of a pandemic, an Al system can quickly project a surge in need for ventilators or oxygen [30].

Inventory optimization is another area where Al is invaluable. Hospitals have to walk a fine line
between having too much stock, which is costly and prone to expiration, and too little, which leaves
them vulnerable in an emergency. With Al-driven management, you get continuous oversight of your
stock and automatic recommendations on when to reorder, so you are never caught short. You will
find that Al technologies have done much to improve the efficiency of logistics and distribution [31].
Machine learning is used to put transportation routes in order, which in turn trims delivery times and
brings down the cost of operations. For a major healthcare network, Al is what makes it possible to
coordinate between the hospital, the warehouse and suppliers so that you can be sure critical items
arrive on time. And with real-time tracking from Al and IoT devices, stakeholders are in a position to

watch their shipments and deal with any hiccups or delays as they happen [32].

'@f Al in Healthcare Supply Chain Management
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Figure 3. Al in Healthcare Supply Chain Management
When it comes to crisis management, say during a pandemic, Al is indispensable. In those situations
you see supply chains thrown into disarray by manufacturing hold-ups or transport restrictions and a

spike in demand. Al systems can run simulations of these scenarios and give decision-makers
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something concrete to work with, allowing healthcare authorities to put resources where they are most
needed. That is not to say there are no hurdles to putting Al in place within a healthcare supply chain

[33]. You often run into trouble integrating data from various institutions because there is no standard
system to speak of. Then there is the matter of cybersecurity and privacy when handling sensitive
logistics data; after all, an AI model is only as good as the quality of the data fed into it. Still, the
transformation has been clear [34]. Al has made the whole operation more resilient and predictive,
and as healthcare systems become more complex, we can expect Al to be ever more important in
getting medical resources to the right place at the right time for the sake of patient care [35].

THE ROLE OF ELECTRICAL ENGINEERING IN AI-BASED HEALTHCARE SYSTEMS
In the development of Al for healthcare, electrical engineering is the enabler. It lays down the
hardware and communication infrastructure and provides the signal processing and sensing tech
necessary to handle medical data. Put simply, without it, you would not have the wearable devices,
biomedical imaging or IoT monitoring platforms that are now commonplace. Take biomedical signal
processing for instance, one of the field’s chief contributions to healthcare [36]. The human body
produces analog signals — think ECGs, EEGs or blood pressure readings — that are full of noise and
distortion. Electrical engineers put in place the algorithms and systems to clean up and digitize them
for Al to make sense of. They can pull out the kind of features, like an irregularity in heart rhythm or
a pattern in brain activity, that are essential for a proper diagnosis [37].

Medical imaging is another area where the discipline is vital. Whether it is an MRI, CT scan or X-
ray, these are all dependent on the electronic circuits and sensors that electrical engineers design to
turn physical signals into digital images. From there, deep learning models can get to work looking
for tumors or fractures [38]. We are also seeing a lot of growth in the way sensor networks and
wearables are being used. Engineers are able to build compact, low-power sensors for things like
smartwatches or medical patches to keep tabs on oxygen levels or heart rate. That information is sent
over Bluetooth or Wi-Fi to be analyzed on the fly by AI [39]. This is part of the broader Internet of
Medical Things (IoMT), where electrical engineering ties together the hospital infrastructure and
devices for better management and remote diagnostics.

Of course, there are limitations to contend with, from power consumption and device size to the threat
of electromagnetic interference. Patient safety and accuracy in a critical environment are paramount
concerns for any engineer. But in the end, electrical engineering is the backbone of these Al-driven
systems [40]. By marrying its tools with data analytics, we have smart healthcare solutions that can
make Integration of Multi-Disciplinary Technologies There is a marked shift in modern healthcare

away from the old ways of doing things, one that allows for better care to be delivered and decisions
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made in real time. The incorporation of multi-disciplinary technologies into Al-driven systems is
perhaps the most significant step forward in building medical infrastructures that are as responsive as
they are intelligent [41].

INTEGRATION OF MULTI-DISCIPLINARY TECHNOLOGIES IN SMART

HEALTHCARE

Healthcare does not rest on the shoulders of any one field of study. It is built on the combined efforts
of artificial intelligence, data science, electrical and biomedical engineering, cloud and
communication tech. put together, these disciplines form smart ecosystems with the capacity for
predictive analysis, automated decision-making and monitoring on the fly [42]. You see this synergy
at work in the relationship between Al, machine learning and data science. For an Al algorithm to
make a sound prediction it needs good quality data; data science is what gives you the means to collect
and make sense of those large-scale datasets. In turn, machine learning models will interpret that
information to guide a clinician or put together an optimized treatment plan [43]. This is what allows
a system to be proactive and preventive rather than simply reacting once a patient is already ill.
Then there is the hardware side of things. Electrical engineering lays the physical groundwork for all
of this. Biomedical sensors and imaging devices put out a constant stream of patient data that has to
be put through secure networks and run by Al. Without that foundation, your most sophisticated
algorithms would be of little use in a clinical setting [44]. Cloud and edge computing are equally
vital. The cloud lets hospitals and researchers put their data in one place for global collaboration and
for training deep learning models that need to be fed massive amounts of information. Edge
computing, by contrast, keeps the processing close to the source — be it a piece of hospital equipment
or a wearable — so you get quicker response times with less latency [45].
We also have to consider interoperability. With so many different platforms and technologies in play,
standards are needed so that an Al tool can talk to an electronic health record or a lab system without
issue. It is a matter of keeping things coordinated and avoiding delays in treatment. All of this has
given us the “smart hospital”, where IoT, robotics and Al come together to manage everything from
patient flow to supply tracking [46]. Robotics can even lend a hand in the operating room for more
precise surgery and medication delivery. It is not without its hurdles. You have the cost of
implementation, the complexity of the systems, and questions of data security to contend with. And
you need professionals from disparate fields to work well together [47]. But the end result is a
healthcare system that is far more connected and efficient, one that can offer timely, personalized

carc.
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APPLICATIONS OF AI-BASED HEALTHCARE SYSTEMS
The scope of what Al can do in healthcare is broad, changing the way we diagnose disease and look
after patients in both clinical and administrative settings. Thanks to the melding of machine learning
and biomedical tech, we are seeing real gains in curative and preventive medicine alike. Take disease
diagnosis for instance [48]. An Al can go over a patient’s history, lab work and imaging to spot
something early on. We use machine learning to predict the onset of cancer, heart disease or diabetes,
while deep learning is invaluable in medical imaging for finding a tumor or fracture with very little
margin for error. That kind of early detection makes all the difference to survival rates [49].
Al is also making inroads in personalized medicine. Where you might have had a more general
approach in the past, providers can now tailor a plan to the individual’s genetics and lifestyle. In
oncology, for example, you can match a therapy to the genetic profile of a tumor. And in the operating
theatre, Al-assisted robotic systems are becoming commonplace, giving surgeons the control and
stability they need for complex work while cutting down on complications and recovery time [50].
You will find automation at work in many hospital settings, where it is put to use for dispensing
medication, handling lab samples and aiding patients. This not only lightens the load on healthcare
staff but also makes operations more efficient [51].
Then there is Al, which has done much to advance remote patient monitoring and telemedicine.
Through wearable tech and IoT sensors, a steady stream of health data is gathered from the patient —
heart rate, blood pressure, oxygen and glucose levels to name a few. Al algorithms are on hand to
scrutinize this information in real time, flagging any anomalies for the provider’s attention [52]. In
rural or underserved communities, Al-driven telemedicine has made it possible for doctors to see
patients at a distance in a way that was not before so accessible. For preliminary support and advice,
chatbots and virtual assistants make use of natural language processing (NLP) [53].
The administrative side of things is no exception; Al is employed in everything from billing and
scheduling to resource allocation and general hospital management, all to keep costs down and service
up. And while we have seen some remarkable progress, one must not forget the challenges of data
privacy, regulatory compliance and algorithm bias if we are to use these tools in an ethical and safe
manner [54]. All told, Al is changing the face of medicine, be it in the precision of surgery, the
accuracy of a diagnosis or the personalization of care on a global scale.

CHALLENGES AND LIMITATIONS

For all their promise and the speed with which they are advancing, Al systems in healthcare are not
without their limitations. There are technical, legal and ethical hurdles that stand in the way of full-

scale adoption in the clinic. Take data quality for instance. Machine learning models need to be fed
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large quantities of good, well-annotated data to train properly [55]. Yet in practice, you will often find
medical data to be incomplete or noisy, the result of human error or simply different record-keeping
standards from one hospital to the next. Unbalanced datasets can produce a model that is biased and
unreliable when it matters most [56].
Privacy is another thorny issue. Sensitive patient information is a target for cyber threats, and the very
nature of Al may require data to be shared across borders and institutions. While encryption and
anonymization are necessary to stay compliant with regulations, putting them into practice is no small
matter. Then you have the problem of the “black box.” A doctor needs to understand why an Al has
made a certain recommendation, as it could be a matter of life or death [57]. But with deep learning,
the logic is not always transparent to the human eye, which can erode trust. There are also hard limits
imposed by infrastructure. To run these advanced models you need serious computing power, like
GPUs and cloud services. Not every institution, particularly in developing parts of the world, has the
means for that, and it widens the digital divide [58].
We must also consider the ethical and legal grey areas. An algorithm might inadvertently show bias
against a patient because of his or her background or gender. And if the system is wrong, who is held
accountable? On top of that, trying to get modern Al to play nice with the legacy systems still in use
at many hospitals is an exercise in patience and standardization. These are obstacles that cannot be
ignored [59].

FUTURE DIRECTIONS
Let us be frank: if we are to have any hope of an Al healthcare system that is both efficient and
worthy of our trust, we have to square up with the difficult issues of data quality, privacy, ethics and
interpretability. You can’t have one without the other; it is a condition for any solution you want to
see gain traction in the long run. The path ahead for Al in this sector is going to be transformative in
the truest sense [60]. We are facing a very dynamic future driven by advances in computing, data
science and biomedical engineering. Once we leave the present deficiencies in our wake and let new
innovations take root, tomorrow’s systems will be more predictive and decentralized, with a better
feel for the individual patient. We want to do more than just improve the accuracy of a diagnosis or
treatment, we want to make healthcare as a whole more accessible and on the right side of ethics [61].
Consider XAl, or explainable artificial intelligence. It is perhaps the most important thing on the
horizon. An Al should not be making decisions that impact human lives in a black box. There has to
be transparency. A doctor has to be able to follow the logic of a recommendation before he puts his
faith in it. XAI gives you that clarity and keeps accountability in the clinic. Or look at federated

learning, which is essential for protecting patient privacy [62]. The old way of centralizing data for
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your models is a security risk. Federated learning allows you to train them across various institutions
or devices without the raw data ever leaving; you only share the updates. That is how hospitals and
research centres can collaborate without compromising [63].
Edge computing will also come into its own. In an emergency or when you are monitoring a heart,
you cannot afford any lag from a sensor or piece of kit. With edge computing, the processing is done
where it counts and, in concert with Al, care is far more responsive. Toss in the 5G and 6G networks
that are coming and you have the means for telemedicine and remote robotic surgery with hardly a
second of delay [64]. A specialist can operate from a distance on a patient in a rural area who would
not normally have access to him. Medicine will eventually be entirely personalized. Al will be able
to factor in genetics and lifestyle to put together a treatment plan that is unique to the person and
spares them side effects. The hospital of the future will be a smart ecosystem of sorts, with robotics
and IoT running the logistics and administration so the place is fully connected [65].
But we must not forget that research still has to grapple with algorithmic fairness, cybersecurity and
the need for proper governance. Responsible development is what will allow for safe deployment. In
the end, we are moving toward a system that is intelligent and patient-focused, using these
technologies to provide better services around the world [66].

CONCLUSION
In modern medicine, there are few technological shifts as consequential as the rise of Al-based
healthcare. It is a convergence of progress in machine and deep learning, data analytics, electrical
engineering and supply chain optimization. What this review sets out to show is the way in which a
range of interdisciplinary technologies come together to make healthcare delivery better, from more
accurate diagnostics and tailored treatments to the optimization of hospital management. You could
say that by bringing Al into the fold, we have seen a move away from the reactive nature of traditional
medicine to something far more predictive and precise.
Take machine and deep learning for instance: they are highly effective when it comes to making sense
of complicated medical data be it electronic health records, images or live physiological signals.
Convolutional and recurrent neural networks have been nothing short of revolutionary in the analysis
of medical imaging and time-series data. And with natural language processing, clinicians can now
interpret unstructured notes and literature with greater ease, leading to sounder decisions. All of this
facilitates early detection and automated diagnosis, which in turn means better outcomes for patients.
Then there is the matter of data analytics. It takes raw medical information and turns it into something
you can act on. With the help of predictive tools and real-time monitoring, providers are able to spot

risks sooner and put their resources to better use. The proliferation of IoT and wearables has made
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for a steady stream of data that allows for remote monitoring and more proactive care.
Al has also had a hand in making the logistics side of things more resilient. By optimizing the supply
chain through better demand forecasting and inventory control, we can be sure that vital resources
are on hand where they are needed, even in an emergency like a pandemic. This goes a long way to
curbing waste and shortages. Underpinning all of this is electrical engineering, which gives us the
infrastructure for biomedical signal acquisition, imaging systems and the networks that let devices
talk to one another and to the cloud before Al algorithms get to work on the data.
There are hurdles to clear if we want to deploy these systems safely. Issues of data privacy, ethics,
and how easy it is to interpret a model’s output need to be dealt with. Transparency and security are
non-negotiable if we are to earn the trust of both the profession and the patient. We can expect 5G,
edge computing and explainable Al to take the field in new directions, making healthcare more
accessible without compromising on data protection. In the end, Al is remaking the global medical
landscape. There are still challenges, but the trajectory is clear: we are moving toward a future of
healthcare that is smarter, more connected and put squarely at the service of the patient.
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