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Abstract—Anesthesia, Intraoperative and Persistent Postoperative Pain and Anxiety pose considerable and multifaceted challenges 

in present-day surgical practice, which negatively influence recovery, satisfaction, and the long-term health outcomes. Conventional 

pain management guidelines are not always flexible enough to handle the personal differences and comorbid psychological problems. 

In this review, discuss how the sphere of perioperative care is being transformed by artificial intelligence (AI), in particular, it allows 

for the real-time monitoring of the patient, accurate pain detection, and individual approach to treatment. AI allows using dynamic 

and data-driven methods of pain and anxiety management by incorporating technologies, including machine learning (ML), natural 

language processing, and predictive analytics. The examples of applications mentioned are AI-assisted chatbots to support patients, 

voice pain measurements, and virtual reality-based interventions to minimize psychological distress. Also, the importance of AI in 

the promotion of personalized medicine and addressing multimorbidity is outlined. Ethical consideration, data privacy, and system 

scalability are two other concepts that the paper highlighted in regard to the use of AI tools in the clinical environment. It ends with 

discussing the existing drawbacks and possible ways of perspective development of intelligent and patient-centered methods of 

enhancing postoperative outcomes. 

Keywords—Artificial Intelligence (AI), Postoperative Pain, Anxiety, Perioperative Care, AI-powered Chatbots, Healthcare Ethics, 

Predictive Analytics. 

I. INTRODUCTION 

The use of Artificial Intelligence (AI) in healthcare is 
changing medical education, scientific research, and clinical 
practice. AI technologies increase the calibre of scientific 
publications and medical education, as well as the emergency-
preparedness of healthcare institutions [1]. One of them is the 
fact that AI can help to reproduce the results of various 
scientific studies, such as comprehensive reviews and meta-
analyses, which are essential for enabling the development of 
medical knowledge and promoting transparency. 

The transformative power of AI applies especially to the 
sphere of perioperative care, where postoperative pain, 
anxiety, and psychological disorders are common among 
surgical patients [2]. These complications might slow the 
recovery process, cause morbidity and prolonged stay in the 
hospital, and lower their quality of life. Postoperative pain is 
a most complicated clinical situation and emergency surgery 
has an even greater risk of complications due to postoperative 
pain [3]. Science confirms that unmanaged postoperative pain 
has a considerable impact on patient outcomes and 
predisposes them to subsequent complications. 

The standardized processes and subjective evaluation used 
in traditional protocols of pain and anxiety management do 
not reflect the individualized, multidimensional experience of 
the patient [4]. Preoperative anxiety especially is a known 
predictor of postoperative pain. High anxiety has been linked 
to reduction in pain threshold, exaggeration of the level of pain 
and stimulation of the entorhinal cortex in the hippocampus, 
which further increases postoperative pain as well as 
dissatisfaction with recovery processes. 

It highlights the importance of predictive, accurate, and 
individualized methods, and in this case, AI have a central role 

[5]. Investigations concerning the possible use of AI in 
evaluation, forecasting, and treatment of postoperative pain 
and anxiety in surgical patients have demonstrated 
encouraging findings [6]. Randomized controlled trials, 
cohort studies, case-control studies, and cross-sectional 
studies are examples of acceptable research methodologies, 
and systematic reviews, with humans as the primary subjects 
of the studies. 

AI-based models examine big data to detect the clinical 
patterns and trends that might be difficult to notice using the 
conventional approaches. Machine learning as a main subfield 
of AI has proven successful in the field of medical imaging, 
diagnosis aid, electronic health record (EHR) management, 
drug development, as well as treatment planning. As an 
example, one can refer to platforms such as Ultromics, which 
interpret echocardiography scans and identify ischemic heart 
disease with the help of AI. Similarly, AI has enabled early 
detection of cancers (e.g., breast, skin), eye diseases, and 
pneumonia using imaging tools. 

Beyond diagnostics, AI contributes to virtual care 
delivery, treatment compliance, and administrative efficiency, 
helping reduce healthcare professionals' workload [7]. In the 
context of postoperative care, AI can integrate real-time 
patient data such as pain scores, vitals, emotional indicators, 
and recovery progress to tailor interventions dynamically [8]. 
However, despite its advantages, challenges remain. An 
investigation on the treatment of postoperative pain in mouth 
cancer patients highlighted the paucity of research specifically 
focused on these circumstances, highlighting the need for 
broader, more inclusive research. Language bias, resulting 
from the inclusion of only English-language studies, also 
limits the depth of current evidence. 
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AI presents significant opportunities to revolutionize 
postoperative pain and anxiety management through 
personalized, data-driven interventions. While evidence 
supports its potential, future research must address existing 
gaps, ensure ethical application, and broaden inclusivity to 
maximize AI’s impact on surgical outcomes and patient-
centered care. 

A. Structure of the Paper 

This paper is structured as follows: Section II provides an 
overview of postoperative pain and anxiety, including causes 
and clinical impact. Section III explores the role of AI in pain 
detection, anxiety assessment, and patient monitoring. Section 
IV discusses personalized medicine and AI integration and 
predictive modelling. Finally, Sections V and VI focus on 
literature summary and conclude the paper and outline future 
directions for AI-driven postoperative care. 

II. UNDERSTANDING POSTOPERATIVE PAIN AND ANXIETY  

Postoperative pain is a complex, multidimensional 
experience that significantly influences recovery, patient 
satisfaction, and overall outcomes following surgery. It is 
closely linked with psychological factors, particularly 
preoperative anxiety, which has been shown to intensify the 
perception of pain and increase analgesic requirements. A 
clinical trial examined how gabapentin, given both before and 
after surgery, helped kids ages 9 to 17 who were having a 
modified Ravitch operation manage their postoperative pain 
and anxiety [9]. In addition to common analgesics like 
morphine and paracetamol, patients were randomly assigned 
to receive either a placebo or numerous doses of gabapentin 
(15 mg/kg before surgery and 7.5 mg/kg after surgery twice 
daily for three days), and NSAIDs. Metamizole was used as a 
rescue medication. 

The results indicated that gabapentin as multimodal 
analgesic therapy was an effective method of decreasing 
postoperative pain, both at rest and during physical activity 
such as deep breathing and coughing, reduced opioid intake, 
and minimized rescue medication needs. Whereas there were 
no statistically significant differences in anxiety and side 
effects between groups, using of gabapentin increased the 
overall patient satisfaction. 

A. Challenges of Postoperative Pain Management 

The complex nature of postoperative pain after spine 
surgery makes it an important issue to deal with. Patients may 
experience significant pain at times, which can include both 
deep tissue and incisional discomfort. Examples of these 
include ligament, muscle, intervertebral disc, and periosteum 
damage. 

1) Characteristics of Postoperative Pain in Spinal Surgery 
The postoperative pain following spinal surgery is 

multifactorial, comprising tissue pain as well as nerve-related 
pain, it differs according to surgical factors and patient 
specificities. Improperly addressed pain may not only 
complicate the recovery process but also add to the expenses 
and result in the development of chronic postsurgical pain 
(CPSP) among most patients [10]. Nevertheless, despite 
multimodal treatment approaches, there are still such 
challenges as individual differences, opioid risks, subjective 
pain measurements, and the lack of personalization. Such 
concerns create awareness of AI-based solutions to enhance 
the prediction, monitoring, and personalized pain 
management. 

2) Risks of Poor Pain Management 
The implications of improperly handled post-surgical pain 

after spinal surgery go beyond pain, it has a major effect on 
recovery, mental health, and medical expenses [11]. Probably 
one of the most serious consequences of undertreated pain is 
the appearance of CPSP, and 50% of patients who undergo 
spinal surgery develop it. 

3) Addressing the Challenges 
Eliminating these obstacles requires an integrated strategy. 

A high-risk patient assessment parameter, followed by a 
multimodal analgesia plan, is essential preoperatively. 
Multimodal treatments target several pain pathways at once 
by using the complementary effects of pharmaceutical and 
non-pharmacological strategies. 

4) Interpatient Variability and Pain Perception 
A major challenge lies in the significant interpatient 

variability in pain perception and response to analgesics. 
Factors such as age, sex, genetics, psychological state, opioid 
tolerance, and prior pain experiences all influence 
postoperative pain intensity and analgesic efficacy. This 
variability complicates the standardization of pain 
management protocols. 

5) Limited Integration of Personalized Approaches: 
Despite the recognition of individualized pain profiles, 

many hospitals still use uniform analgesic protocols that do 
not account for personal factors such as comorbidities, genetic 
markers, or previous medication responses. The lack of 
personalization can lead to under- or overtreatment. 

6) Communication Barriers and Patient Education Gaps 
Postoperative pain control requires active patient 

involvement. However, patients may underreport pain due to 
fear of side effects, stigma around opioid use, or 
misunderstanding of pain expectations. Additionally, 
inadequate education about pain management strategies can 
hinder adherence to treatment plans. 

B. Impacts of Unmanaged Pain and Anxiety on Recovery 

and Quality of Life 

The PASS-20 Pain Anxiety Symptoms Scale evaluates 
cognitive, panic, escape/avoidance, and physiological anxiety, 
was used to evaluate the precise relationship between pain and 
anxiety [12]. A 6-point rating system is used for each topic, 
with higher ratings denoting greater pain concern. Following 
the diagnosis of a sleep problem, certain sleep therapies were 
carried out in compliance with professional recommendations. 
Additionally, the same approach to pain management was 
taken as in the group that was not on SCIP. The SCIP group's 
intervention may be summed up as follows:  

• Educational and circadian rhythm intervention: basic 
guidelines for good sleep hygiene and encouragement 
of physical activity according to the results of studies 
on the circadian rhythm. evaluation of sleep quality 
and treatment of identified sleep disorders with 
pharmaceutical and non-pharmacological means, 
through:  

• The American Academy of Sleep Medicine (AASM) 
standardized the performance and scoring of the whole 
PSG. Apnoea hypopnea index (AHI) values greater 
than 15/h were regarded as OSA, those between 15 and 
30/h as moderate, and those greater than 30/h as 
severe. 
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• Sleep disorders were assessed using the PSQI for ISI 
for the intensity of insomnia, ESS for daytime 
drowsiness, and sleep quality. Higher scores indicated 
worse outcomes. To diagnose RLS, the International 
Restless Legs Syndrome (RLS) Study Group's 
standard criteria were used. The purpose of this 
multicentre RCT pilot research (National Clinical Trial 
03646084) was to assess how a SCIP affected opioid 
use and pain management results. All therapies 
specified in the research protocol were administered to 
study participants, and the trials ran for a total of 18 
months (12 months for recruiting and 6 months for 
follow-up). The data was characterized by statistical 
analysis utilizing frequency and percentage for 
categorical variables and mean and standard deviation 
(SD) for continuous variables. The missing data was 
not filled in using the imputation approach. For 
unadjusted comparisons between the study arms, the t-
test and the Pearson χ2 test were employed. 

III. ROLE OF ARTIFICIAL INTELLIGENCE IN HEALTHCARE 

In the context of disease prevention, radiology 
practitioners are increasingly using artificial intelligence (AI), 
An efficient image processing method that can reduce 
diagnostic mistakes and detect numerous diseases early [13]. 
An intelligent and promising technique for assessing ECG and 
echocardiogram charts that cardiologists utilize to aid in their 
decision-making is AI. The Ultromics platform, which was 
documented at an Oxford hospital, uses AI to interpret 
echocardiogram images that identify ischaemic heart disease 
by detecting patterns in heartbeats. AI has shown promising 
achievements in the early. Figure 1 highlights six key roles of 
AI in healthcare: Virtual patient care, medical imaging and 
diagnostics, and patient involvement, administrative tasks, 
rehabilitation, and medical research. AI enhances efficiency, 
accuracy, and personalization across these areas, improving 
overall healthcare delivery. 

 

Fig. 1. Application of AI in various aspects of healthcare. 

A. AI Applications in Mental Health and Anxiety 

Assessment. 

AI Methods Artificial intelligence (AI), which is widely 
regarded as a field of engineering, is used in pain detection to 
describe a system's capacity to demonstrate intelligence and 
mimic human behaviour. AI is now more powerful than ever 
in terms of processing power because to the use of faster cloud 

computing platforms, more digital data storage, and 
inexpensive, high-end tensor processing units (TPUs) and 
graphics processing units (GPUs). Additionally, training AI 
applications at a reasonable cost via AI model training is 
crucial. 

1) Artificial Intelligence in Pain Detection 
The AI has been used to diagnose the medical conditions 

long enough, but the task of properly diagnosing the various 
forms of pain, especially chronic forms of pain, is still 
challenging. The pain is sometimes easy to detect via facial 
expressions, behavioral traits and verbal information. Chronic 
pain on the other hand comes with less pronounced coping 
techniques and behavioral and physiological analysis must be 
more profound. Potential solutions to discern these types of 
pain are through AI models in analyzing multimodal data that 
includes voice, facial expressions, and physiological data. 

2) AI Models Used in Pain Detection from Voice: 
Artificial Neural Networks (ANNs) are based on 

biological neural networks and are also extensively used in the 
application of AI related to health. Artificial intelligence 
networks are composed of artificial neurons which are 
separated into layers and are interconnected to each other, 
making the processing and pattern recognition very easy. A 
number of neural architectures have been used in establishing 
mental health and pain detection. 

• Feedforward Neural Networks (FNNs): Capable for 
structured/tabular medical data and classification 
tasks.  

• Recurrent Neural Networks (RNNs): They are 
appropriate for analyzing time-series data since they 
are designed to analyze sequential data, including 
patient history or voice recording data.  

• Long Short-Term Memory (LSTM) Networks: An 
advanced form of RNNs that address the vanishing 
gradient problem, providing improved performance in 
long-sequence learning tasks relevant to anxiety 
assessment and symptom tracking.  

• Convolutional Neural Networks (CNNs): 
Commonly used in medical imaging, these models 
learn spatial hierarchies and features from visual data 
such as facial pain indicators.  

• Multitask Neural Networks (MT-NNs): Enhance 
generalization by simultaneously learning multiple 
related clinical tasks, improving model robustness and 
knowledge transfer across domains. 

 

Fig. 2. Artificial neural network mechanism of action on pain-induced 

vocalization. 

Figure 2 shows an ANN model that detects or classifies 
pain using voice signals. Pain-induced voice features are input 
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into the network, processed through hidden layers, and result 
in an output indicating pain presence or severity, 
demonstrating a non-invasive, AI-based approach to pain 
assessment. These AI models demonstrate significant 
potential in identifying emotional distress, chronic pain 
indicators, and anxiety patterns through voice analysis and 
behavioral data, contributing to more objective and accessible 
mental health assessment tools [14]. 

B. AI in Pain Detection, Prediction, and Management. 

In particular, machine learning (ML) has made artificial 
intelligence (AI) a potent instrument for identifying, 
forecasting, and treating pain. ML systems automatically 
discover correlations between symptoms and outcomes by 
using vast amounts of health data, improving diagnostic 
accuracy and enabling early intervention [15]. These models, 
especially deep neural networks, are increasingly applied in 
clinical settings for pain prediction and personalized therapy 
planning. Although most research has focused on diagnostics 
and predictive modelling since 2010. AI is now being 
explored for broader clinical support, including pain 
management strategies. AI-powered chatbots are also making 
significant contributions to mental health and pain-related 
care. As illustrated in Figure 3, AI chatbots are being utilized 
across various domains offering emotional support, aiding 
addiction recovery, promoting preventive care, and supporting 
individuals with anxiety, panic disorders, and chronic illness. 
This fact that they increase individual engagement with the 
user experience, track well-being, and provide interventions 
(done at the right time) makes them a potential supplement in 
pain management, including those with comorbid mental 
health issues.  

 

Fig. 3. Application of AI Chatbots in Mental Health Support 

AI chatbots are communication agents that mimic humans 
using natural language processing (NLP) and artificial 
intelligence [16]. It can be utilized to offer support, counsel, 
and therapeutic treatment to persons experiencing problems 
such as anxiety, depression, stress, and loneliness in the field 
of mental healthcare. More sophisticated systems also involve 
voice analysis by recording the voice of a user with a 
microphone, analyzing it, and deduce symptoms of mental 
health based on the sound. Remarkably, among the initial 
projects in the nation was the evaluation of how the pandemic 
affected mental health, and the results showed that the 
increase in the prevalence of psychological problems did not 
extend to all groups of the population equally [17]. 

IV. PERSONALISED MEDICINE AND AI INTEGRATION 

In this section, the writer delves into the revolutionary 
prospects of a combination of artificial intelligence (AI) and 
personalized medicine in improving treatments for HIV 
patients. Conventional treatment methods are usually based on 
standardized procedures, which do not necessarily consider 
variation in genetic, immunological or clinical picture of an 
individual. AI-based models would provide a transition to 
individualized approaches with the help of all types of patient 
data to provide more precise, timely, and elastic decisions. 
Natural language processing (NLP), deep learning (DL), and 
machine learning (ML) have shown great promise in certain 
HIV control applications, such as adherence monitoring, 
antiretroviral treatment (ART) optimization, medication 
resistance prediction, and early diagnosis [18]. 

Several AI techniques commonly used in HIV research 
include: 

• Random Forest: An ensemble machine learning 
method called Random Forest uses many decision 
trees to decrease overfitting and increase prediction 
accuracy.  

• Support Vector: The supervised ML technique called 
Support Vector Machine (SVM) is widely used in 
biomedical research to solve classification and 
regression issues. 

• Logistic Regression: In the medical industry, one of 
the most used supervised machine learning algorithms 
is LR. 

• Deep Learning (DL): Complex biomedical datasets, 
such as longitudinal electronic health records (EHRs), 
medical imaging, viral genomic sequences, and multi-
omics data, may be effectively analyzed using DL, a 
subset of ML. 

• Convolutional Neural Networks (CNNs): CNNs are 
DL architectures that were first created for image 
identification, but they are being used extensively in 
many biological fields, including HIV research. 

• Recurrent Neural Networks (RNNs): Designed for 
the study of sequential data, RNNs are particularly 
suitable for monitoring HIV patients over time [19], as 
they can model longitudinal trends such as CD4 
counts, viral load dynamics, treatment adherence, and 
clinical visit history. 

These AI methodologies contribute to a more precise, 
data-driven approach to HIV care, supporting the broader 
vision of personalized and predictive medicine. 

A. AI-Driven Patient Profiling (Genomics, Electronic 

Health Records, Etc). 

The most typical clinical manifestation of chronicity in 
adults is multimorbidity, which is the existence of several 
chronic illnesses in one person. Its frequency has sharply 
increased over the last 20 years, with the elderly being the 
most impacted demographic. Although multimorbidity is 
more likely to occur as people age, most people with several 
chronic diseases are under 65. This pattern points to a wider 
change in the patterns of chronic illnesses that impact 
individuals of all ages. Multimorbidity may have a substantial 
negative influence on a patient's quality of life, as well as their 
carers' physical, mental, and social health. It is associated with 
higher rates of healthcare utilization, which are frequently 
characterized by fragmented and disorganized therapy, in 
addition to the increased risk of polypharmacy, medication 
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interactions, adverse events, and incorrect prescribing [20]. In 
order to overcome these obstacles, disease-specific 
recommendations must give way to more comprehensive, 
person-centred care approaches. Strategies for prevention and 
management that work might reduce the strain on people and 
public health systems [21]. 

B. Tailoring Interventions Using Predictive Modeling and 

Decision Support Systems. 

Predictive modelling involves the process of developing 
models that, using computer or mathematical methods, are 
able to forecast future occurrences. While the former use 
equation-based models, the latter requires simulation tools. 
Even though clinical trials and decision-making are just two 
of the numerous applications of predictive modelling in 
medicine, its potential in this area is still mostly unrealized 
because of a number of obstacles. Because the area is dynamic 
and the patient populations treated in modern healthcare 
settings are complicated, applying these approaches to the 
medical realm is especially difficult [22]. Additionally, in 
order to create and implement predictive models successfully, 
one must have a thorough grasp of the data being utilized as 
well as sufficient resources to enable model development and 
deployment. Among these resources include:  

• Equation-Based Predictive Modelling: A subclass of 
models known as equation-based models describe the 
relationship between variables using mathematical 
equations [23]. These models are frequently used to 
forecast how physical systems behave in scientific 
fields including physics, chemistry, and engineering. 

• Computational predictive modelling: The 
mathematical approach known as computational 
predictive modelling, on the other hand, uses models 
that are challenging for equations to describe. Instead, 
utilizing this "black box" strategy to make predictions 
requires simulation techniques. 

• Predictive Modelling in Cardiology: Through the 
estimation of clinical outcome probability, predictive 
modelling has the potential to enhance judgement and 
customize treatment [24]. 

V. LITERATURE REVIEW 

Recent literature highlights the growing use of AI, IoT, 
and Blockchain to enhance personalized postoperative care. 
These technologies support real-time pain detection, anxiety 
assessment, and secure patient data handling. Despite 
promising results, issues of scalability, ethics, and validation 
still limit widespread clinical adoption. 

Punarselvam et al. (2025) delves into creating and 
implementing an AI system on the cloud to improve VR 
experiences for those dealing with chronic pain or going 
through invasive medical procedures. The AI system uses the 
cloud's scalability and processing power to modify the VR 
content in real-time according to the user's pain reactions and 
preferences. VR spaces are designed to give patients relaxing 
and engaging experiences, taking their minds off their 
discomfort. Patients who used these VR solutions improved 
with AI reported much lower levels of pain and anxiety, 
according to clinical research. The cloud-based method 
facilitates a resilient and adaptable pain management solution 
by ensuring smooth updates, ongoing learning from patient 
data, and remote access for healthcare [25]. 

J and S (2025) an RPM system intended for post-surgical 
care, particularly aimed at CABG recovery. It enables the 
combination of self-reported outcomes with the real-time 
tracking of their heart rate, oxygen saturation, and pain levels. 
Patients and healthcare providers can interact seamlessly 
through the web-based platform, which allows real-time data 
visibility, automated alerting during critical deviation of 
monitored parameters, and follow-up management. 
Experimental results show their ability to improve recovery 
rates while lessening the load on healthcare facilities. 
Improved Predictive analytics in ML refined the post-surgical 
care Ensuring complete recovery after surgery is a challenging 
phase that requires continuous monitoring [26]. 

Indhumathi, Sankaradass and Manindra Manish (2025) 
provides an account of the algorithms and methods for data 
processing, together with the system architecture concerning 
various types of health data. Furthermore, outlines a whole 
system architecture and the suggested approach in which all 
these technologies can fit into, discuss how the non-quantum 
definitions of performance measures, such as memory, 
accuracy, precision, and response time, are affected by the 
implementation of ML-based personalized medicine systems. 
These are aspects of the beginning of a strong movement of 
integrated healthcare delivery, specially highlighted in the 
study. The integration of both ML and big data analytics 
(BDA) under the philosophy of precision medicine is 
positively dismantling healthcare to enhance 
individualized/patient-specific care/treatment regimens for 
individuals [27]. 

Moita, Almeida and Menezes (2024) a VR application that 
allows the user to explore and interact with things in many 
rooms with soothing activities. The application's capacity to 
produce calming stimuli was assessed. It was created in 
Unreal Engine for the HTC Vivi Pro headset. Results from 
experiments with volunteers show that interacting with the 
virtual world is simple, with high degrees of presence and 
immersion as well as a reported decrease in tension and 
anxiety. Over the last several decades, there has been interest 
in the cherished idea of using virtual reality (VR) as a 
therapeutic and medical treatment approach. VR immersive 
technologies allow for customized experiences and can boost 
motivation and involvement in therapy [28]. 

Maktoof et al. (2023) management of stress and anxiety 
with virtual reality (VR-SRM). It tested these theories with 
trials involving 100 people using virtual reality. Upon 
finishing their stressful assignments, participants were 
randomized to one of four virtual offices, two of which had 
been furnished with biophilic elements, and one that had been 
left unaltered. Microbiological detectors were used to track 
their blood pressure, heart rate, and galvanic skin reaction, 
which are indicators of stress hormones. The shortened 
Anxiety Levels Questionnaire was used to gauge their degree 
of anxiety. Element of biophilic design influences sympathetic 
activation and stress [29]. 

Mathias and Pai (2022) this scoping study looked at the 
connection between children's surgical discomfort and 
perioperative anxiety. To find pertinent information, the 
databases PubMed (Medical Literature Analysis and Retrieval 
System Online) and CINAHL (Cumulative Index of Nursing 
and Allied Health material) were searched. Based on 
predetermined criteria, two writers independently screened 
the studies. A narrative is used to describe the search results. 
The majority of the research showed that children who were 
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more anxious before surgery also had more pain afterward. 
This review found that children's postoperative discomfort is 
significantly impacted by perioperative anxiety [30]. 

Table I provides an overview of recent research on the use 
of AI, VR, and ML in healthcare, including its objectives, 

methodology, main conclusions, difficulties, and potential 
future paths. It highlights the growing use of intelligent 
technologies for personalized care, remote monitoring, and 
stress management, while noting the need for better 
scalability, data privacy, and clinical validation. 

TABLE I.  SUMMARY OF AI, VR, AND ML-BASED APPROACHES IN HEALTHCARE AND RELATED DOMAINS 

Reference Study On Approach Key Findings Challenges / Limitations Future Directions 

Punarselvam 
et al. (2025) 

AI-based VR for 
chronic pain 

Cloud-based AI adjusts 
VR in real-time using 

user data 

Significant reduction in 
pain & anxiety; real-time 

personalisation 

Requires high cloud 
computation; patient data 

privacy 

Expand to broader pain 
conditions and integrate 

biosensor feedback 

J and S (2025) RPM for post-CABG 

care 

Real-time monitoring + 

web platform + 
predictive ML 

Better recovery, real-

time alerts, reduced 
hospital burden 

Internet dependency, 

potential data security 
risks 

Enhance ML models for 

predictive care & 
integrate more 

biosensors 

Indhumathi et 
al. (2025) 

ML in personalised 
medicine 

ML models with 
system architecture for 

performance analysis 

Improved performance 
(accuracy, recall, etc.) in 

personalized care 

Lacks real-time 
validation; limited dataset 

diversity 

Expand validation trials 
and real-world 

implementation 

Moita et al. 

(2024) 

VR relaxation system VR rooms built in 

Unreal Engine for HTC 
Vive Pro 

High immersion and 

interaction ease; reduced 
stress & anxiety 

Hardware dependency; 

limited user diversity 

Broaden scenarios and 

test across clinical 
patient groups 

Jaleel 

Maktoof et al. 
(2023) 

VR for stress & anxiety Biophilic VR rooms + 

physiological 
monitoring 

Lower stress markers; 

effective early-phase 
relaxation 

Small sample size; VR 

setup limitations 

Larger trials; integrate 

with clinical therapy 
settings 

Mathias et al. 

(2022) 

Postoperative 

discomfort in children 

and the consequences of 
perioperative anxiety 

Scoping review of 

existing studies using 

PubMed and CINAHL 

High perioperative 

anxiety correlated with 

higher postoperative 
pain in children 

Limited pediatric-specific 

interventions identified 

Develop anxiety-

reduction interventions 

tailored to pediatric 
patients 

VI. CONCLUSION AND FUTURE WORK 

Artificial Intelligence (AI) is revolutionizing 
postoperative pain and anxiety management through 
personalized, data-driven solutions. By leveraging tools like 
machine learning, voice analysis, and wearable sensors, 
clinicians can achieve more accurate assessments and 
improved patient outcomes. The necessity for clinical 
validation, ethical concerns, and data privacy are some of the 
obstacles that restrict its use. Through individualized, data-
driven approaches, this study demonstrates the revolutionary 
potential of AI in the management of postoperative pain and 
anxiety. Unlike traditional methods that often generalize 
patient care, AI enables tailored interventions that better 
address individual patient needs and improve clinical 
outcomes. By using AI tools, including natural language 
processing, neural networks, and ML, healthcare providers 
can enhance pain assessment, optimize analgesic use, and 
improve patient satisfaction. The integration of AI with tools 
like voice analysis, facial recognition, and wearable devices 
offers real-time, objective insights into patients' physical and 
psychological states. 

Future research should aim to refine AI models for greater 
transparency, generalizability, and ethical compliance in 
clinical settings. Emphasis should be placed on integrating 
multimodal data sources to facilitate more comprehensive 
patient profiling and decision-making, including sensor data, 
genetic profiles, and electronic health records. Privacy-
preserving techniques like federated learning and secure 
computation must be prioritized to meet regulatory standards 
and ensure patient trust. 
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