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INTRODUCTION 

When new medical methods are introduced or new 

treatments are shown to work, they need to go through 

clinical trials. One of the big problems with going from 

new ideas to practice is that bad things always happen. The 

old ways of keeping track of adverse events (AEs), which 

relied on observers and reports, didn't always work well 

for modern clinical trials. This process is time-consuming 

and prone to mistakes.1 They also make it more likely that 

answers will have to be put off because of safety concerns, 

which could put patients at risk and make people question 

the experiment's validity. Putting AI into systems that 

watch over patients is one way to solve these problems in 

a way that changes the game. AI-powered methods could 

change the way that bad things happen in clinical studies 

are found and dealt with.2 The goal of these methods is to 

make tracking systems work better, be more accurate, and 

respond faster by using complex formulas and machine 

learning.  

As part of AI-driven AE recognition, processes that need a 

lot of work are automated to replace them with ones that 

are based on data. The system can find trends, outliers, and 

small changes that could mean bad things are going to 

happen by using complex algorithms like guided and 

autonomous learning models. We can guess that the 

discovery process will go faster and with less room for 

mistake since this is not how things usually work.3 Adding 

early warning systems to these models helps researchers 
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ABSTRACT 

Artificial intelligence (AI) keeps an eye on people in clinical studies to find out when bad things happen. This is a big 

way that AI is changing healthcare. It goes into a lot of detail about how AI has changed this field and stresses how 

important it is to use complicated formulas, always keep an eye on things, and follow the rules. These days, we have 

tools like deep learning frameworks, controlled and unsupervised learning models, and others that help us find bad 

things faster and more accurately. Tracking in real time is possible with early warning systems and constant data 

analysis. It helps make sure the experiment is done right and puts the safety of the people being tested first. AI-driven 

tracking systems can only work in an honest and reliable way if they follow the rules set by regulatory bodies such as 

the FDA and the EMA. The fact that AI has the ability to change the way medical research is done today, with benefits 

like making it faster and more accurate, makes its problems even more important. The report comes to the conclusion 

that more research, better teamwork, and a wider use of AI technologies are needed to make it more reliable to find bad 

events in clinical studies over time. 
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and doctors quickly find possible safety risks and take the 

right steps to fix them. By quickly fixing problems, this 

real-time function protects the integrity of the study and 

makes it safer for everyone involved in it.  

There are many good reasons to use AI to find bad things 

that are happening. Because they make identification more 

accurate, there may be fewer false hits and negatives. They 

also help track things faster.4  

OVERVIEW OF CLINICAL TRIAL AE 

MONITORING 

Clinical trials are important for improving medical 

treatments because they make sure that study participants 

are safe and that the results can be trusted. It is very 

important to keep a close eye on AEs, which are any bad 

medical things that happen to trial subjects.5 Because 

monitoring has always been done by hand, healthcare 

workers have had to carefully watch for and record AEs 

for a long time. Some of the problems with old ways of 

doing things are that they are subjective, waste time, and 

may not always be consistent when collecting data.6 In 

order to make clinical trials safer and more effective, this 

essay talks about the problems with traditional methods of 

tracking AEs and the need to use new, cutting-edge 

methods. In traditional clinical trials, healthcare workers 

are expected to carefully watch for and record AEs based 

on their own knowledge and gut feelings. Despite this, 

there are many problems with this method.7 Because 

different people use different criteria to record AEs, there 

may be differences between where trials are done and 

where study is done.8 The large amount of data that has to 

be collected by hand makes mistakes or oversights more 

likely and also causes problems with logistics. These limits 

show how important it is to come up with new ways to 

keep an eye on bad events in clinical studies.  

AE tracking in the 21st century: Researchers and drug 

companies are counting more and more on advanced 

technology to make data more accurate and make AE 

monitoring easier. They do this because they know that 

older methods have their limits.9 One choice is to use 

electronic data capture (EDC) devices to collect and 

analyse AE data in real time. It is easy to report when you 

can use EDC options. People are less likely to make 

mistakes and be late when they don't have to write things 

down by hand as often. AE reports are more accurate and 

reliable across a number of study sites when built-in 

validation checks are added to EDC systems and gathering 

data in the same way at all of them. A better way to find 

and sort AEs might also be possible when AI tools are 

added.10 Programmes that use AI may not only keep an eye 

on people, but they may also look through huge amounts 

of clinical data for small trends that could mean bad things 

are happening. This way, they can make sure that people 

who go through studies are safe.11 Tracking AEs from afar 

and wearable tech make it possible to keep an eye on them 

all the time, not just in clinical situations. Wearable 

trackers that check people's blood pressure, heart rates, and 

other physiological data all the time can tell us a lot about 

their health. Seeing bad things happen before they get 

worse is another thing they can do. Remote monitoring 

tools make it easy for participants and healthcare workers 

to talk to each other in case of a bad reaction or other 

medical emergency.12  

To make sure that everyone is safe and the results are 

accurate, it is very important to keep an eye on bad things 

that happen in clinical studies. A lot of time has been spent 

on normal ways to keep an eye on AEs, but they have some 

flaws that make them useless and wrong. If you want to 

solve these issues, you should use cutting edge technology, 

like AI, wearable tech, and tools for tracking from afar.13  

IMPORTANCE OF TIMELY AE DETECTION 

The speed with which problems are reported in clinical 

research is important for making sure that test subjects are 

safe and that the results can be believed. The length of time 

it takes to report bad events is bad for the trial's overall 

success, the participants' health, and the research's ethical 

issues.14 When problems are found quickly, subjects can be 

sure they will get the medical care they need. We can make 

sure that people who take part in research are safe and 

support ethical research methods by taking this precaution. 

Because of this, the damage that bad luck could do is 

lessened.  

If the information about bad events in clinical studies is 

correct and reliable, then the studies themselves are honest. 

It is very important that problems are found and shared 

quickly so that researchers can make smart choices about 

whether to continue, change, or end the study. This will 

help experts fully understand the safety profile of the 

intervention.15 This gives the study's findings more weight 

and makes its scientific basis stronger. It is important to 

recognise the difficulties of manual tracking and stress the 

importance of quickly finding AEs in order to improve 

participant safety, protect study integrity, and move 

medical research forward.16  

ROLE OF AI IN PATIENT MONITORING 

AI and machine learning have changed how healthcare is 

provided, especially how patients are watched. AI-based 

smart technologies have made research studies safer, more 

productive, and better at analysing data. This is very 

important for tests that need to be correct and safe. This 

piece talks about a new way that AI can be used to keep an 

eye on patients in clinical studies that isn't possible with 

the old ways.17 There is talk about how AI can help find 

bad things faster and better. People use the term " AI " to 

describe many different types of computer software that 

can learn and make choices like people. A branch of AI 

called "machine learning" is all about making rules that 

computers can follow to learn from data and then use what 

they've learned to guess or decide what to do without any 

help from a person. AI and ML have sped up big changes 

in healthcare.18 This has helped doctors figure out what's 
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wrong with patients faster, keep better records on them, 

and plan better care for them.  

One of the best things about AI-based patient tracking is 

that it makes it easier and faster to find bad events.19 When 

AI systems look at large datasets in real time, they can find 

AEs more accurately and carefully. This lowers the chance 

that important events will be missed or not mentioned 

fully. AI systems can also learn to find things better over 

time, which makes them more useful and less likely to give 

false results.20  

Clinical trial data and accounts of bad events are more 

likely to be true when this fair method is used. The people 

who pay for and run clinical studies can quickly fix bad 

results by using AI to find them early on.21 AI programmes 

can find small changes in patient data that can keep people 

from getting sick in the first place. Tracking systems that 

use AI can also send real-time alerts to healthcare workers, 

which lets them move more quickly and with less risk of 

harm. The way that patients in study trials are watched has 

changed because of AI. AI-based tracking systems that use 

machine learning are better at finding bad things because 

they are more accurate, quick, and fair.22 These 

technologies help find risks early so they can be dealt with 

and lowered quickly. Watching over patients will be even 

better as AI technology is used more in the healthcare field. 

Clinical trials will be safer and more useful, and medical 

research will move forward.  

APPLICATION OF AI IN CLINICAL TRIALS 

AI has changed how doctors keep an eye on patients and 

test for safety in clinical studies. This area is entering a new 

age. It is important to quickly and correctly report AEs in 

clinical studies so that they can fully test how well and 

properly medical treatments work. Using AI to improve 

the speed, accuracy, and usability of systems that keep 

track of patients is very important.23 There are a lot of 

different ways that AI can be used in clinical studies. 

Researchers can use these algorithms to find bad things 

that might not be seen with other methods. Biomarkers, 

demographics, and medical background are just some of 

the things that AI systems can look at about a patient to 

find possible AEs early on. This makes it possible for 

managers to be proactive and take steps to avoid 

problems.24 It is better and more thorough to keep an eye 

on bad events in clinical trials when new information is 

found. This protects the health of the people who are using 

the trials.  

It lets doctors act right away in case of bad events or 

medical problems, and it also lets them change treatment 

plans right away. Based on data from the past, machine 

learning models can guess how likely it is that people in 

clinical studies will have bad things happen to them.24 

System that uses AI do a lot of the work that needs to be 

done to collect, handle, and report data for patients. AI 

systems do boring monitoring jobs like adding data and 

looking at trends. Physicians will have more time and 

energy to provide the best care for their patients. AI-

powered technology also makes it less likely that people 

will mess up or miss something when AE is being found, 

making it more regular and dependable.25 By using AI's 

revolutionary features, healthcare companies can speed up 

the search for new treatments, improve patient outcomes, 

and spur new ideas. Precision medicine based on data and 

better patient care are on the way, and it all starts with 

clinical studies that use AI technologies.26 

ADVANCED ALGORITHMS FOR AE DETECTION 

Very complicated algorithms powered by AI and ML are 

needed to keep an eye on people in clinical trials and find 

bad things that happen. These methods make it possible for 

processes to be data-driven and automated. They include 

deep learning frameworks, supervised and unsupervised 

learning models, and more. Another thing they make 

possible is better and more accurate unfavourable event 

recognition.27 

SUPERVISED LEARNING MODELS 

You can teach guided learning methods by giving them a 

list of inputs and outputs. This lets the computer learn from 

data that has already been marked up. Detecting bad events 

is done with the help of guided learning models. Datasets 

with named AEs are used to train these models.  

Classification algorithms 

Several types of classification methods can be used in 

supervised learning models. These include decision trees, 

logistic regression, random forests, support vector 

machines (SVMs), and more. These algorithms put the 

data into groups so that bad things can be found based on 

certain traits or features of the data.28 

Performance evaluation 

Some of the things that are used to judge supervised 

learning models are their F1-score, memory, accuracy, and 

precision. The model is said to be good if it can find 

malicious objects with few false positives and rejections 

based on these criteria. 

UNSUPERVISED LEARNING MODELS 

When you use unstructured data for autonomous learning, 

you teach a model how to find patterns and structures in 

data without any help from a person. Models that are not 

watched work better than ones that are when it comes to 

finding examples of bad behaviour.29 

Clustering algorithms 

In random learning models, some of the most popular ways 

to group things together are K-means, hierarchical, and 

density-based clustering. The things that these tools 
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discover about data points help them be grouped together. 

In this way, you can find trends that don't make sense and 

could mean that bad things are about to happen. 

Anomaly detection 

Models that learn without being watched are also very 

good at finding things that don't make sense. This is the 

way that strange events are found in a paper log. 

Anomalies can point to strange events or bad results, 

which means that more research needs to be done. 

DEEP LEARNING ARCHITECTURES 

A new trend in machine learning is called "deep learning." 

It is a powerful way to get complicated patterns and 

models from simple data. Neural networks with many 

layers, like those used in deep learning, have been very 

helpful in many healthcare jobs, like finding bad events. In 

this article, we learn how to use deep learning models in 

health care. Regular neurons (RNNs) can handle real-time 

data processing, and convolutional neurons (CNNs) can be 

used to look at pictures.30 When doctors use convolutional 

neural networks (CNNs), they can quickly and correctly 

understand medical pictures. This helps them care for their 

patients better and make better choices.  RNNs are regular 

neural networks that are good at dealing with sequential 

data.31 

This could help bosses stop bad things before they happen. 

Because RNNs can handle a lot of data at once, they are 

great for tracking and monitoring healthcare all the time. 

AI and machine learning have changed the way healthcare 

is provided. New algorithms like deep learning 

frameworks, controlled learning models, and unsupervised 

learning algorithms have made this possible.32  

Physiological data collected in real time can also be used 

to spot early signs that something bad is about to happen. 

If strong AI systems are used in healthcare, things like 

patient safety, correct diagnosis, and medical growth can 

all get better. Deep learning will have a bigger and bigger 

effect on healthcare as it grows. It will lead to new ideas 

and change how people all over the world are looked for.33  

DATA INTEGRATION AND FEATURE 

EXTRACTION 

It is important to get useful data from a lot of different 

sources in order to find and correctly spot bad events in 

clinical trials. Data integration and feature extraction can 

help you make your system for keeping an eye on patients 

better. This piece goes into more detail about the subject.34 

UTILIZING DIVERSE DATA SOURCES 

The different kinds of data that come from clinical trials 

include information about the patients, their medical 

background, lab data, imaging data, and real-time 

physiological measurements. Putting together all of these 

different data sources is important for finding AEs because 

it gives a full picture of each participant's health. By 

connecting to EHRs, we can see patients' medical records, 

which can help us understand their health history, 

including past problems and diseases they already had. 

Giving a better picture of where the patient started from 

helps find changes that could be signs that something bad 

is going to happen.35  

Picture scans or blood tests can help find problems early 

on, which makes it possible to find bad things faster and 

better.36 Reports from patients and subjective data, along 

with objective measurements, tell us important things 

about symptoms, pain, or changes in health that we might 

not have noticed otherwise. It is easier to find bad things 

that happen with this patient-centered method. 

EXTRACTING RELEVANT FEATURES FOR 

ACCURATE DETECTION 

When different data sources are put together, a very 

important step is featuring extraction. This gets useful 

information from the raw data so that bad events can be 

found more easily. Before you can decide where to start 

with each patient, you need to get their vital signs, lab 

values, and medication information, among other things. 

When this standard is broken, it can show what bad things 

could happen. Over time, patterns can be seen in changes 

in things like blood pressure, heart rate, and breathing rate. 

These patterns can help you spot small changes that could 

have bad effects.37 Time-series study is great because it can 

find issues early on. Modern picture and signal processing 

methods can be used with signal data or medical photos, 

such as electrocardiograms. Data and feature extraction 

working together is a big step towards finding safety issues 

more quickly and correctly. For the research studies to go 

well and keep people happy, this is a must. Two important 

tools that can help researchers keep an eye on people in 

clinical studies and know when something bad happens are 

real-time tracking and early warning systems with AI.38  

DESIGNING AI SYSTEMS FOR CONTINUOUS 

MONITORING 

This is what "real-time monitoring" in health care means: 

always looking at patient data to quickly notice and 

respond to changes in health. AI makes things better in 

many ways, like being able to scale, respond, and be right, 

especially when it's used in big clinical studies. For AI 

systems that are meant to be watching all the time, some 

of the most important design problems are how to make 

them grow, change with adaptive algorithms, stream data 

in real time, and connect with wearable tech.39 To make 

sure that AI systems that are always being watched are 

quick and correct, it is important to set up ways for real-

time data streams. AI systems can almost always keep an 

eye on a participant's vital signs because they can look at 

new data sources as they come in. With this method, it's 

easy to see right away when bad things might happen, so 

steps can be taken ahead of time to lessen their effects. 
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It is especially important to build AI systems with 

scalability in mind when doing large-scale clinical trials 

with a lot of participants and different types of data. 

Because there is so much and different kinds of data being 

created, we need architectures that are scalable so that we 

can keep an eye on many people at once at different study 

sites. By using distributed computing resources and 

parallel processing, scalable AI systems can safely and 

efficiently handle the computing needs of continuous 

monitoring.40 When wearable sensors are used for constant 

monitoring, the data that is collected is completer and more 

exact. If you connect these things to your computer, you 

can record vital signs, biometric measurements, and the 

amount of movement you're doing all the time. Wearable 

tech that can detect small changes in health indicators is 

one way that AI systems can teach people a lot about their 

health. With this integration, bad things can be caught early 

and health and safety of people can be taken care of before 

they get worse. This improves the accuracy and usefulness 

of tracking that never stops.41  

Adaptive algorithms let tracking settings be changed at any 

time, which gives systems that keep an eye on things all 

the time more freedom and trust. In real life, this helps 

them do their job better in hospitals.42 For healthcare AI 

systems that are always watching, it's important to think 

about things like being able to grow, interact with wearable 

tech, stream data in real time, and be able to change 

through adaptive algorithms. If these things are thought 

about when making AI-driven systems for continued 

monitoring, they can be faster, more accurate, and able to 

handle more users. Monitoring people all the time with AI 

could totally change how healthcare is provided. This is 

because AI makes it easier to see bad things coming and 

stop them, as well as give each patient care that is tailored 

to their needs. AI systems could help hospitals do their jobs 

better and people get better if they are used. This part of 

the field is growing a lot.43 

IMPLEMENTING EARLY WARNING 

MECHANISMS 

When bad things happen, early warning tools help people 

in health care and academia act quickly. When setting up 

early warning systems, you need to think about both math 

and strategy: Alerts can be sent to you when numbers start 

to differ a lot from what you expect for important 

physiological markers. This threshold-based method 

works well as a first line of defence against bad things that 

could happen.44 Machine learning models can look at past 

data and watch what's happening in real time to figure out 

how likely it is that bad things will happen. This makes 

early warning systems even more bold. Patterns and trends 

help them figure out what risks there might be.  

There are ways for the early warning system to keep 

learning, so it can change as new information comes in. It 

guesses and adapts to new trends better as this method is 

used more and more.45 It is best to plan ahead and set up 

AI systems that can watch what is happening in real time 

and give good early warning systems to make sure that 

clinical studies are better and more successful. These tools 

help find bad things that happen in a way that is proactive 

and focuses on the people involved. They do this by 

updating the health of the people who are taking part and 

letting the results happen before they happen. 

VALIDATION AND REGULATORY 

CONSIDERATIONS 

An AI-driven monitoring system must first pass strict rules 

and tests before it can be used in clinical studies. It's to 

make sure the study is real, right, and done in an honest 

way. If AI is used to track people in clinical tests, what 

rules do researchers have to follow? This section will talk 

about them. It will also talk about the important parts of 

making sure that the tracking works.46  

There needs to be a lot of clinical validation research with 

real patients to show that AI-driven tracking works well 

and is useful in the clinic. Gold standards and well-known 

practical goals should be used to judge the system's 

success in these tests. When AI algorithms are open and 

easy to understand, it builds trust and makes it easier for 

researchers, healthcare workers, and regulators to check 

model results. If you want to show something, you should 

carefully write down the steps that were used to make the 

decision. It is important to set up systems that will always 

look for changes in AI models.47 These changes could be 

caused by new data or new clinical knowledge. This makes 

sure that the models will come in handy again and again. 

When it comes to making rules and standards for using AI-

powered technology in clinical trials, regulatory groups 

play a big role. Adhering to these rules is very important 

for moral reasons and to keep patients safe. They have to 

follow the FDA's rules to be safe and do their job well. 

Some ideas for how AI can be used in clinical studies are 

also given to the government. EMA standards, which are 

the same as European standards, must be met for AI-driven 

tracking to be used in studies that involve more than one 

country.48 There must be a decent way to do this. When 

researchers work with governing bodies to make and use 

AI-powered monitoring systems, they can better meet the 

needs of laws that are getting stricter. People are also more 

open when they work together. It's important to use the 

right validation methods and follow the rules set by 

officials for AI-driven tracking to work in clinical 

studies.49 If scientists put ethics, dependability, and 

trustworthiness first, they might be able to figure out the 

rules and help make strong rules for using AI in medical 

study. 

BENEFITS AND CHALLENGES 

A lot of good things come from using AI to track people in 

clinical studies. It speeds up and improves the accuracy of 

the studies and gets rid of problems with ethics and 

privacy. But this new technology that changes everything 

also comes with risks that need to be carefully thought 

through. AI is used to find bad things that happen while a 
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patient is being watched.50 It has both chances and risks. 

AI systems can work with very big datasets at the same 

time very well. This lets them find oddities or small trends 

quickly, which could mean bad things are about to happen. 

These steps make the players safer by speeding up the 

search for them.  

With the help of machine learning algorithms that can 

understand complex data trends and correlations, bad 

things can be found more accurately. The monitoring 

method is more accurate overall because AI-driven 

monitoring is more precise and helps cut down on false 

positives and negatives. Because the boring parts of AEs 

tracking have been taken over by computers, healthcare 

workers can focus on more important tasks. The use of AI 

in clinical trials is more effective because it improves work 

processes, which frees up time and resources.51  

It can be hard to give people clear information about how 

their data is being used and make sure they know what will 

happen if AI is used to monitor them. To protect moral 

standards, it is important to keep informed consent 

methods clear. When sensitive health data is used in AI 

systems, data security and privacy are important problems. 

When creating and using AI-driven monitoring, it's 

important to pay close attention to the little things, like 

making sure that user information is safe and that privacy 

rules are followed. AI systems could be biassed if they 

learn them from training data, which could lead to unfair 

treatment of some groups of people. Because it is the right 

thing to do, we need to fix algorithmic bias so that 

everyone in the study gets fair results.52 

CONCLUSION 

Human treatment is changing because of AI. One very 

important job is to keep track of people in clinical studies 

in order to find bad things that happen. This article talked 

about the main parts of tracking with AI. These are very 

main to make sure that tests for medicines are safer and 

work better. For example, you have to follow the rules, use 

difficult formulas, and keep track of everything at the same 

time. Finding bad things that happen is getting faster and 

more accurate thanks to new algorithms like deep learning 

frameworks and controlled and uncontrolled learning 

models. They can sort through a lot of information, look 

for patterns, and show immediate views. This helps us find 

early safety risks a lot faster. A big part of this change is 

real-time tracking, which lets researchers continually 

check on patient data during clinical trials. Keeping 

everyone safe is our top goal with the study. Tools that send 

us early warnings help us move quickly when new 

problems show up. Regulators have set rules that you must 

follow if you want to use AI to keep track of people. These 

technologies stay up to date by following the rules set by 

groups like the FDA and EMA. This gives people faith in 

their safety and right use. AI could lead to many good 

things, but it could also cause some bad things, such as 

worries about privacy, bias, and moral problems. AI helps 

make medical growth possible by making things more 

accurate, faster, and simpler to understand. All of these 

things must be in place for clinical studies to work. As a 

final note, people must continue to study, work together, 

and pay attention because AI-driven patient tracking is so 

important in clinical trials. AI might need to be studied and 

used more in clinical study and healthcare to find more and 

better bad things that happen. To get the most out of AI and 

make sure it is used in a moral and helpful way, 

researchers, people who work in healthcare, and 

government bodies must all work together. It's very 

important to know this as we study medicine, an area that 

changes all the time. 
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