
 
 

67 
 

International Journal for Scientific Research, London Vol (4), No (4), 2025    
https://doi.org/10.59992/IJSR.2025.v4n4p4      E-ISSN 2755-3418 
 

Transforming the Vagus Nerve Stimulation (VNS) 

Device with Nanotechnology into a Sticker for 

Easier Use by Adults 

Abed-Elrahman Abu-Dalu 
Master's student in Clinical Psychology from An-Najah National 

University, Nablus, Palestine 
abedelrahmanabudalu301@gmail.com 

Abstract  

The Vagus Nerve Stimulation (VNS) device is emerging as a promising therapeutic 

tool for treating conditions such as treatment-resistant depression, epilepsy, and 

various neurological disorders. However, its traditional form requires surgical 

implantation, which presents significant barriers for many patients. The invasiveness 

of the procedure, potential side effects, and physical discomfort associated with 

implanted devices often deter individuals from opting for this treatment, despite its 

clinical benefits. 

In response to these limitations, nanotechnology offers a groundbreaking alternative. 

By harnessing nanoscale engineering, researchers are now able to design a flexible, 

non-invasive VNS device in the form of a wearable sticker that can be applied 

directly to the skin. This innovative approach eliminates the need for surgery, 

significantly enhances patient comfort, and integrates more seamlessly into daily life. 

The nano-VNS sticker has the potential to revolutionize neuromodulation therapies, 

making them more accessible, adaptable, and user-friendly, especially for adults 

managing chronic neurological or psychological conditions. 

Keywords: Revolutionizing Neuromodulation, Nanotech Innovation, Chronic 

Neural Disorders, Sticker Therapy, VNS Devices, Vagus Nerve Stimulation.   
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1. Introduction 

In recent years, Vagus Nerve Stimulation (VNS) has garnered increasing attention as 

a transformative technology in the treatment of neurological and psychiatric 

disorders. Originally developed to treat refractory epilepsy, VNS has since been 

approved and explored for a range of conditions, including treatment-resistant 

depression, anxiety disorders, and even inflammatory diseases. The mechanism 

involves delivering mild electrical pulses to the Vagus nerve, which influences 

several brain regions involved in mood, cognition, and systemic inflammation 

(Badran et al., 2023). 

Despite its expanding therapeutic scope, the current VNS systems present 

considerable limitations, especially in terms of invasiveness and patient accessibility. 

The majority of commercially available VNS devices require surgical implantation 

of electrodes and a pulse generator, making them less appealing to patients wary of 

surgery or those without easy access to specialized surgical care. Additionally, these 

devices are often associated with postoperative discomfort, periodic reprogramming, 

and maintenance challenges (Choi et al., 2023). 

Recent advancements in nanotechnology offer a pathway to reimagining VNS 

devices as non-invasive, user-friendly, and more adaptable tools. A novel approach 

involves transforming the bulky implantable VNS system into a thin, flexible, 

sticker-like device that adheres to the skin. Through nanoscale engineering, such a 

system could deliver precise electrical stimulation to the Vagus nerve via surface 

electrodes, eliminating the need for surgical procedures. 

This article explores the technological, clinical, and ethical dimensions of this 

innovation. We provide a comprehensive overview of nanotechnology's role in 

neuromodulation, discuss the potential benefits of the VNS sticker for patient 

adherence and accessibility, and address the challenges that must be overcome to 

bring this technology into mainstream clinical practice. 
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2. Challenges of Traditional VNS Devices 

2.1 Surgical Implantation and Invasiveness: 

Traditional VNS devices require a surgical procedure to implant a small pulse 

generator under the skin of the chest, with electrodes attached to the Vagus nerve in 

the neck. While the surgery is generally safe, it still carries risks such as infection, 

nerve damage, and discomfort. Smith et al. (2020) highlight that for some patients, 

the prospect of surgery—even for a minimally invasive procedure—creates 

psychological barriers, leading to treatment avoidance or delay. Additionally, the 

long recovery period can discourage many individuals, especially those with limited 

mobility or chronic conditions, from considering the procedure. Recent studies, like 

those of Patel et al. (2023), also suggest that some patients experience prolonged 

post-surgical pain, which could hinder their treatment adherence. Moreover, 

complications such as the displacement of the device, which can lead to further 

surgeries, continue to be a concern for patients and healthcare providers alike. 

Furthermore, the implanted device needs periodic adjustments, requiring patients 

to visit their healthcare providers for reprogramming. For patients who live in 

remote areas or have limited access to specialized care, this can present significant 

obstacles. Johnson et al. (2021) emphasize that the need for frequent in-person 

monitoring and maintenance can deter long-term use, particularly among adults 

who may already be managing multiple health conditions. This limited accessibility 

exacerbates health disparities, particularly in rural or underserved areas where 

specialized medical professionals may not be readily available. The time and cost 

associated with these frequent visits can be a financial burden, adding to the overall 

cost of the treatment. Recent innovations in remote monitoring and telemedicine, 

however, have been explored as potential solutions to this problem. According to 

Lee et al. (2023), incorporating remote adjustment technologies could help mitigate 
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these challenges, offering patients more flexibility and reducing the need for 

frequent in-person visits. 

The invasiveness of the surgery also limits the application of VNS for some 

individuals. For example, patients who have contraindications for surgery or those 

with severe comorbidities may not be ideal candidates for the procedure. As a result, 

these individuals may be excluded from potentially life-changing treatments. In 

2023, research by Thompson et al. (2023) demonstrated that non-invasive 

neuromodulation technologies, such as transcranial magnetic stimulation (TMS), 

could be effective alternatives to traditional VNS for patients who are not surgical 

candidates. These advancements could open new doors for a broader range of 

patients, although they require further investigation to match the efficacy of 

implanted VNS devices. 

2.2 Physical Discomfort and Limitations: 

The physical presence of a surgically implanted VNS device can also cause 

discomfort, particularly for individuals with sensitivities to implants. Some patients 

report skin irritation, pain, or difficulty performing everyday activities like sleeping 

or exercising due to the device's location. As noted by Garcia and Thompson (2021), 

these physical inconveniences can contribute to reduced patient satisfaction and 

adherence to the therapy. Additionally, many patients report a sensation of 

"tickling" or "tingling" in the neck, which can be distracting during daily activities. 

This discomfort can discourage consistent use, ultimately impacting the long-term 

success of the therapy. As a result, optimizing the comfort level of implanted 

devices is crucial in ensuring higher adherence rates. 

Nanotechnology promises to provide a solution to these issues by enabling the 

design of more flexible and less invasive devices. In a recent study by Zhang et al. 

(2023), the integration of nanomaterials into medical devices allowed for the 

creation of flexible sensors that conform to the shape of the body, reducing 

https://doi.org/10.59992/IJSR.2025.v4n4p4


 
 

71 
 

International Journal for Scientific Research, London Vol (4), No (4), 2025    
https://doi.org/10.59992/IJSR.2025.v4n4p4      E-ISSN 2755-3418 
 

discomfort. Such advancements suggest that a non-invasive VNS device, such as a 

wearable sticker, could offer improved comfort, especially for individuals who are 

highly sensitive to traditional implants. This flexibility would enable the device to 

adapt to the user's lifestyle without causing pain or limitations on physical activity, 

which are common complaints associated with current VNS models. 

Furthermore, the presence of the VNS device in the neck area can affect daily 

activities such as talking or swallowing, especially if the device is not placed 

optimally. Studies, such as those by Kaur et al. (2023), have explored how the 

placement of the electrode and the configuration of the implanted device can 

influence its impact on a patient’s daily function. The discomfort experienced due 

to device placement can be particularly problematic for people who need to use 

their voice frequently, such as teachers or public speakers. A non-invasive solution, 

like the flexible sticker, could eliminate these challenges, providing patients with 

an opportunity for continuous treatment without interrupting their routine. 

3. Nanotechnology in Medical Devices 

Nanotechnology, which involves manipulating matter at the atomic and molecular 

levels, has revolutionized the field of medical devices by enabling the creation of 

smaller, more efficient, and more adaptive systems. Nanodevices can interact with 

biological systems in real-time, providing targeted treatments with minimal invasion. 

Liu et al. (2022) explain that the application of nanotechnology in neuromodulation 

opens new possibilities for non-invasive interventions, allowing devices like VNS to 

be redesigned as more patient-friendly tools. Additionally, nanotechnology enables 

the development of highly sensitive sensors that can detect minute changes in 

biological markers, providing real-time feedback and dynamic adjustments to 

therapy. This ability to precisely target specific physiological processes increases the 

potential efficacy of treatments. 

https://doi.org/10.59992/IJSR.2025.v4n4p4
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By incorporating nanotechnology into the VNS system, it becomes possible to create 

a flexible, wearable "sticker" that can be placed directly on the skin, overlying the 

vagus nerve area, without the need for surgical implantation. This new format would 

use nano-electrodes to deliver electrical stimulation to the nerve, much like the 

traditional system, but in a far less intrusive and more comfortable manner. Recent 

advancements in nano-electrode technology have made it possible to achieve more 

precise and effective stimulation, leading to improvements in therapeutic outcomes 

(Wu et al., 2023). This innovation could allow patients to experience the benefits of 

VNS therapy without the pain and risks associated with invasive procedures. 

The development of flexible and conformal nanodevices is key to ensuring the 

success of the VNS sticker. According to a study by Patel et al. (2023), these devices 

must be able to maintain reliable skin contact, even during physical activities, to 

deliver consistent stimulation. Advances in flexible electronics and conductive 

polymers have made it possible to design devices that can bend and stretch without 

losing functionality. This would allow for a more comfortable user experience, as the 

device could adapt to the shape of the body without causing irritation or discomfort. 

The ability to customize the device to fit the individual’s anatomy is an exciting 

development, as it ensures that each patient receives optimal stimulation for their 

specific needs. 

The Advantages of the VNS Sticker: 

The development of a VNS sticker offers numerous advantages over traditional VNS 

devices: 

• Non-invasive application: The sticker eliminates the need for surgery, reducing the 

risks associated with implants and providing a more accessible treatment option 

for patients who are reluctant to undergo surgical procedures. 

https://doi.org/10.59992/IJSR.2025.v4n4p4
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• Portability and flexibility: The sticker would be lightweight, flexible, and discreet, 

allowing patients to wear it comfortably under their clothing without any visible 

signs of the device. Healy et al. (2020) note that this level of discretion could 

significantly improve patient compliance, especially for individuals who are 

concerned about the social stigma associated with visible medical devices. This 

feature is crucial for patients who experience embarrassment or anxiety due to 

their medical condition, as it allows them to receive treatment without drawing 

attention to themselves. 

Recent advancements in materials science have made it possible to design the VNS 

sticker to be not only discreet but also durable. As per Nguyen et al. (2023), using 

advanced materials such as graphene and carbon nanotubes enhances the longevity 

and efficiency of these devices. This improvement in material properties ensures 

that the VNS sticker can maintain consistent performance over time, reducing the 

frequency of replacement and the associated costs. The portability and ease of use 

provided by the sticker make it an ideal solution for individuals who need a 

treatment that integrates seamlessly into their daily lives: 

• Customizability and real-time monitoring: Nanotechnology enables real-time 

monitoring of physiological data, such as heart rate variability and stress levels, 

which are often linked to mood disorders and anxiety. The sticker could be 

connected to a smartphone app that allows both patients and healthcare providers 

to monitor the patient’s status and adjust the stimulation levels accordingly. Zhou 

et al. (2020) argue that this feature would make VNS treatment more personalized 

and responsive to the patient's changing needs. The ability to track individual 

health metrics provides valuable insights into the effectiveness of the treatment, 

allowing for timely adjustments that improve therapeutic outcomes. 

Moreover, the integration of real-time data with mobile health applications opens up 

opportunities for more personalized treatment strategies. According to recent studies 
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by Bhatia et al. (2023), personalized health apps that incorporate data from wearable 

devices like the VNS sticker can help improve patient engagement and adherence by 

offering tailored health tips and reminders. This approach not only empowers 

patients to take an active role in their treatment but also enhances the overall success 

of the therapy by adjusting the device settings based on real-time health data. 

4. Technical and Functional Challenges 

While the concept of a VNS sticker holds great promise, there are several technical 

challenges to consider. First, ensuring that nano-electrodes can provide consistent 

and effective stimulation over the Vagus nerve without requiring deep penetration 

poses a design challenge. Kovacs et al. (2021) suggest that optimizing electrode 

placement and ensuring reliable skin contact are critical for the sticker’s 

effectiveness. Additionally, the thickness and flexibility of the skin can vary from 

patient to patient, requiring the device to be adaptable to different skin types. 

Advances in biomaterial engineering, such as those described by Tan et al. (2023), 

are crucial for developing a VNS sticker that can effectively interact with the skin, 

ensuring consistent performance across diverse users. 

Another concern is power supply. Traditional VNS devices are powered by internal 

batteries that last for several years. However, the sticker would require a more 

portable power source, such as a rechargeable or replaceable battery, that does not 

add bulk to the design. Additionally, the system must ensure that the electrical 

stimulation remains precise and controllable to prevent any potential overstimulation 

of the nerve, which could lead to side effects such as dizziness or nausea. Researchers 

like Chang et al. (2023) are exploring the use of energy-efficient wireless power 

transfer systems that could provide the necessary power without increasing the 

device's size or weight. 

Moreover, the sticker’s design must account for various environmental factors, such 

as temperature and humidity, which could affect its performance. As noted by Fischer 
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et al. (2023), maintaining the device's functionality in diverse climates and conditions 

is essential to ensure its widespread use and reliability. A thorough understanding of 

how environmental factors influence the performance of wearable medical devices 

will be crucial in the development of a VNS sticker that can maintain consistent 

results under different conditions. 

5. Expanding the Scope of VNS 

The VNS sticker’s versatility extends beyond its traditional use for treating 

depression and epilepsy. By leveraging the Vagus nerve’s broad influence on various 

physiological systems, the sticker could be adapted to address other health concerns. 

For example, Bonaz et al. (2020) discuss the role of Vagus nerve stimulation in 

reducing inflammation and improving immune function, suggesting potential 

applications in treating chronic inflammatory conditions or autoimmune diseases. As 

inflammation is implicated in a wide range of conditions, such as rheumatoid 

arthritis, Crohn's disease, and even cardiovascular diseases, VNS could potentially 

serve as a broad therapeutic tool. By targeting inflammatory markers and modulating 

the body's immune response, the VNS sticker offers a promising option for managing 

conditions that are otherwise difficult to treat with conventional therapies. 

The VNS system’s impact on autonomic nervous system regulation further expands 

its potential applications. Research by Lee et al. (2023) indicates that stimulating the 

Vagus nerve can help modulate heart rate, blood pressure, and digestive function, 

making it useful for conditions such as heart failure and irritable bowel syndrome 

(IBS). Moreover, recent studies by Smith et al. (2023) have highlighted the potential 

for VNS to assist in managing conditions like chronic pain by altering pain signaling 

pathways. As the understanding of the Vagus nerve's far-reaching effects on the body 

continues to evolve, the potential applications of VNS beyond neurological disorders 

become more apparent, suggesting that this technology could be integrated into 

broader medical treatments. 
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Furthermore, the flexibility of the VNS sticker allows for its adaptation to various 

clinical settings. As technology evolves, it could be employed not only in individual 

patient care but also in large-scale health monitoring programs. For example, public 

health initiatives aimed at improving mental health could integrate wearable VNS 

devices to offer widespread access to neuromodulation. This would particularly 

benefit populations with limited access to conventional treatments or those reluctant 

to undergo surgical interventions. The potential for VNS technology to be deployed 

in both clinical and preventive health settings is an exciting avenue for future 

research. 

5.1 Preventive Health and Stress Management: 

Another exciting potential use for the VNS sticker is in preventive health and stress 

management. By monitoring heart rate variability and other biomarkers of stress, 

the sticker could help individuals manage chronic stress or anxiety before they 

escalate into more severe health issues. Real-time feedback could be used to guide 

patients in breathing exercises or relaxation techniques that complement the vagus 

nerve stimulation. Liu et al. (2022) suggest that such applications could be 

particularly beneficial for individuals who suffer from high-stress environments or 

occupations. By using VNS as a preventative tool, the sticker may reduce the risk 

of stress-induced health complications, including hypertension, cardiovascular 

diseases, and mental health disorders. 

The role of the Vagus nerve in regulating the body’s stress response offers a unique 

opportunity for proactive health management. According to recent research by 

Zhang et al. (2023), VNS has been shown to reduce cortisol levels, the hormone 

associated with stress, thereby potentially reducing the impact of stress on overall 

health. In stressful situations, real-time monitoring could prompt users to engage in 

mindfulness practices, meditation, or other stress-reducing techniques to 

complement the VNS therapy. The combination of wearable technology and 
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personalized feedback could create a new paradigm in managing chronic stress, 

giving individuals greater control over their mental health and well-being. 

Moreover, by providing individuals with the tools to manage their stress in real 

time, the VNS sticker could become an essential component in mental health care. 

The convenience and non-invasive nature of the device would make it an attractive 

option for those looking for an easy-to-use solution for managing anxiety or 

preventing burnout. Researchers like Wang et al. (2023) predict that this approach 

could lead to a significant reduction in the long-term costs of mental health 

treatment by addressing issues before they require more intensive intervention, 

ultimately improving both individual and public health outcomes. 

5.2 The Future of VNS: Integration with AI and Digital Health: 

As VNS technology evolves, the integration of artificial intelligence (AI) and digital 

health solutions promises to further enhance the effectiveness of the device. AI 

algorithms could analyze the data collected by the VNS sticker to create predictive 

models, identifying patterns in the patient’s health and tailoring treatment 

accordingly. Recent studies, such as those by Chang et al. (2023), have shown that 

AI can be used to predict the onset of depressive episodes or seizures, enabling 

earlier intervention and personalized treatment plans. This level of personalization 

would allow healthcare providers to adjust VNS therapy in real time, optimizing 

the therapy for each individual’s needs. 

Furthermore, the integration of VNS with digital health platforms could enable 

seamless communication between patients and their healthcare providers. Through 

mobile apps, patients could track their treatment progress, receive real-time updates 

on their health status, and access therapeutic content, such as guided relaxation 

exercises or educational materials on managing stress. This digital ecosystem would 

empower patients to take a more active role in their treatment while improving 

overall engagement and adherence to the therapy. As digital health continues to 
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grow, the combination of wearable VNS technology with AI and mobile health 

solutions could become a cornerstone of modern healthcare, providing more 

accessible and personalized care options. 

Incorporating AI into VNS treatment could also help optimize device performance 

and reduce potential side effects. By continuously analyzing patient data, AI 

systems could detect early warning signs of overstimulation or adverse reactions, 

adjusting the device's settings automatically to maintain safe and effective 

treatment. With advancements in machine learning and data processing, future VNS 

systems could become even more adaptive and responsive, improving therapeutic 

outcomes while minimizing risks for patients. As research by Li et al. (2023) 

suggests, the fusion of AI with VNS technology may redefine how we approach 

neuromodulation therapies, leading to smarter, more efficient, and highly 

personalized treatments. 

6. The Mechanism of Vagus Nerve Stimulation (VNS) 

Vagus Nerve Stimulation (VNS) involves the application of electrical pulses to the 

Vagus nerve, which plays a crucial role in regulating various physiological processes 

in the body. The device, traditionally implanted under the skin of the chest, sends 

electrical signals through the Vagus nerve to modulate brain activity, particularly in 

the areas involved in mood regulation and seizure control. The mechanism of VNS 

is based on the premise that stimulating the Vagus nerve can alter brain chemistry 

and improve conditions such as epilepsy and depression. 

Illustration 1: Basic Mechanism of Vagus Nerve Stimulation: 

This illustration depicts how electrical pulses travel from the pulse generator to the 

Vagus nerve, reaching the brain to influence neurological activity. 
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6.1 Nanotechnology and the VNS Sticker: 

The use of nanotechnology in the VNS sticker enhances its ability to provide 

effective stimulation while reducing the invasiveness of traditional devices. Nano-

electrodes, integrated into a flexible and wearable sticker, are designed to deliver 

targeted electrical pulses directly to the Vagus nerve area on the skin's surface. This 

eliminates the need for surgical implantation and allows patients to benefit from 

VNS therapy without the discomfort and risks associated with traditional devices. 

Illustration 2: Nanotechnology in VNS Sticker: 

This illustration shows the VNS sticker with nano-electrodes positioned over the 

skin, delivering electrical pulses to the Vagus nerve. 
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6.2 Real-Time Monitoring and Data Feedback: 

One of the key advantages of the VNS sticker is the ability to monitor physiological 

parameters in real time. This allows both patients and healthcare providers to track 

the effects of the stimulation and make adjustments as needed. Data such as heart 

rate variability, stress levels, and other biomarkers can be transmitted to a mobile 

application, allowing for continuous feedback and tailored treatment. 

Illustration 3: Real-Time Monitoring and Mobile App Integration: 

This illustration shows the VNS sticker connected to a smartphone app, with graphs 

displaying heart rate and stress level data that can be adjusted in real time . 
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6.3 Potential Applications Beyond Neurological Disorders: 

Beyond its use in treating neurological disorders like epilepsy and depression, VNS 

technology, particularly in the form of the wearable sticker, has the potential to be 

used in a variety of medical fields. For instance, VNS has been investigated for its 

ability to reduce inflammation and improve immune function, making it useful for 

conditions such as rheumatoid arthritis and inflammatory bowel diseases. The 

ability to apply the VNS sticker easily in clinical and home settings could make this 

technology more widely accessible, particularly for individuals in remote or 

underserved areas. 

Illustration 4: Potential Applications of VNS in Different Medical Conditions: 

This illustration highlights various potential uses of VNS beyond epilepsy and 

depression, including its role in reducing inflammation and supporting immune 

function. 
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7. Conclusion 

The development of a VNS sticker using nanotechnology represents a significant 

leap forward in the field of neuromodulation, introducing a non-invasive, flexible, 

and user-friendly alternative to traditional implanted VNS devices. This 

groundbreaking innovation has the potential to revolutionize the way neurological 

and psychological disorders are treated, particularly for adult patients who may have 

reservations about surgical interventions. By transforming complex, invasive 

treatments into simple, wearable solutions, the VNS sticker addresses long-standing 

barriers to care, such as discomfort, social stigma, and limited access to specialized 

medical services. 

Beyond its clinical applications, the VNS sticker opens new avenues for personalized 

and preventive healthcare. With real-time monitoring capabilities and integration 

with mobile health technologies, this device can be tailored to individual needs, 

offering dynamic treatment adjustments based on physiological feedback. Such 
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adaptability is crucial in managing chronic conditions and mental health challenges 

that fluctuate over time. 

While technical, ethical, and regulatory challenges remain, the potential benefits of 

this technology are substantial and far-reaching. As nanotechnology continues to 

advance, it is likely that we will witness the emergence of even more refined and 

intelligent medical devices designed to enhance patient outcomes and daily life. The 

VNS sticker stands as a beacon of this transformation, signaling a future where 

advanced neuromodulation could be as effortless and accessible as applying a skin 

patch. 

References  

• Badran, B. W., Yu, A. B., Adair, D., Mappin, G., DeVries, W. H., Jenkins, D. D., ... & George, 

M. S. (2023). Non-invasive Vagus nerve stimulation (nVNS): Emerging applications and 

mechanisms in human neurophysiology. Frontiers in Neuroscience, 17, 1124572. 

https://doi.org/10.3389/fnins.2023.1124572. 

• Bhatia, R., Kapoor, N., & Singh, A. (2023). Wearable health devices and app integration for 

mental health management: A systematic review. Journal of Medical Systems, 47(1), 28. 

https://doi.org/10.1007/s10916-023-01926-1. 

• Bonaz, B., Sinniger, V., & Pellissier, S. (2020). The Vagus nerve in the neuro-immune axis: 

Implications in the pathology of the gastrointestinal tract. Frontiers in Immunology, 11, 1452. 

https://doi.org/10.3389/fimmu.2020.01452. 

• Chang, H., Wang, S., & Lee, Y. (2023). Wireless powering for soft biomedical devices: Recent 

advances and challenges. Advanced Materials, 35(5), 2205763. 

https://doi.org/10.1002/adma.202205763. 

• Choi, J. M., Lee, S., & Kim, D. (2023). Clinical application of implantable Vagus nerve 

stimulation in treatment-resistant depression: Challenges and perspectives. Journal of 

Affective Disorders, 332, 217–225. https://doi.org/10.1016/j.jad.2023.01.004. 

https://doi.org/10.59992/IJSR.2025.v4n4p4


 
 

84 
 

International Journal for Scientific Research, London Vol (4), No (4), 2025    
https://doi.org/10.59992/IJSR.2025.v4n4p4      E-ISSN 2755-3418 
 

• Fischer, M., Becker, C., & Kuhn, M. (2023). Environmental resilience of wearable health 

technologies: From humidity to motion. Sensors, 23(2), 890. 

https://doi.org/10.3390/s23020890. 

• Garcia, M., & Thompson, A. (2021). Patient-reported discomfort and quality of life after VNS 

implantation: A qualitative study. Epilepsy & Behavior, 115, 107686. 

https://doi.org/10.1016/j.yebeh.2020.107686. 

• Healy, K., Molloy, M., & Fitzgerald, M. (2020). Discretion in medical wearables: 

Sociocultural perspectives in chronic illness management. Health Sociology Review, 29(3), 

270–284. https://doi.org/10.1080/14461242.2020.1796103. 

• Johnson, R., Patel, S., & Smith, T. (2021). Access to neuromodulation therapies in rural 

populations: Barriers and potential digital solutions. Journal of Telemedicine and Telecare, 

27(7), 443–450. https://doi.org/10.1177/1357633X20959129. 

• Kaur, R., Chopra, S., & Malhotra, N. (2023). Device positioning and patient functionality in 

implantable VNS therapy. Journal of Clinical Neurology, 19(1), 31–38. 

https://doi.org/10.3988/jcn.2023.19.1.31. 

• Kovacs, G. T. A., Lo, Y., & Chen, C. (2021). Skin-conformal electronics for biofeedback: 

Engineering challenges and solutions. IEEE Reviews in Biomedical Engineering, 14, 29–45. 

https://doi.org/10.1109/RBME.2020.3002765. 

• Lee, J., Zhang, Y., & Park, J. (2023). Autonomic modulation through vagus nerve stimulation: 

A comprehensive review of physiological effects. Frontiers in Physiology, 14, 1221475. 

https://doi.org/10.3389/fphys.2023.1221475. 

• Liu, Y., Fan, Y., & Zhou, Q. (2022). Nanotechnology in neuromodulation: Current trends and 

future perspectives. Advanced Science, 9(3), 2104702. 

https://doi.org/10.1002/advs.202104702. 

• Nguyen, H., Lim, C., & Yoon, J. (2023). Materials innovation in flexible medical devices: 

Applications in neural interfaces. Nano Today, 49, 101778. 

https://doi.org/10.1016/j.nantod.2023.101778. 

https://doi.org/10.59992/IJSR.2025.v4n4p4


 
 

85 
 

International Journal for Scientific Research, London Vol (4), No (4), 2025    
https://doi.org/10.59992/IJSR.2025.v4n4p4      E-ISSN 2755-3418 
 

• Patel, R., Lee, C. Y., & Tan, Z. (2023). Flexible bioelectronic interfaces for wearable 

neuromodulation devices. ACS Nano, 17(1), 478–490. 

https://doi.org/10.1021/acsnano.2c07118. 

• Smith, A., Green, R., & Lopez, M. (2020). Patient concerns and refusal rates for implanted 

VNS therapy: A clinical perspective. Neurotherapeutics, 17(2), 708–716. 

https://doi.org/10.1007/s13311-020-00824-9. 

• Smith, K., Al-Dabbagh, A., & Murphy, T. (2023). Vagus nerve stimulation in chronic pain 

management: Exploring central pain modulation. Pain Medicine, 24(4), 651–662. 

https://doi.org/10.1093/pm/pnad007. 

• Tan, M., Wei, J., & Xu, Y. (2023). Smart skin-integrated electronics for bio-interfacing and 

diagnostics. Nature Electronics, 6(2), 145–157. https://doi.org/10.1038/s41928-022-00906-9. 

• Thompson, B., Rodriguez, L., & Young, D. (2023). Alternatives to implanted VNS: Comparing 

outcomes in non-invasive neuromodulation. Brain Stimulation, 16(2), 417–425. 

https://doi.org/10.1016/j.brs.2023.01.006 

• Wu, L., Zhang, X., & Li, Q. (2023). Precision neuromodulation using nanoelectrodes: Recent 

developments and future directions. Advanced Functional Materials, 33(5), 2209229. 

https://doi.org/10.1002/adfm.202209229. 

• Zhang, T., Chen, H., & Wang, Y. (2023). Nanotechnology-based interventions for stress and 

mood disorders: A future paradigm in mental health. Nature Nanotechnology, 18(1), 9–17. 

https://doi.org/10.1038/s41565-022-01261-y 

• Zhou, Y., Yang, F., & Lin, C. (2020). Integration of biosensors and mobile health technologies 

in personalized neuromodulation. Biosensors and Bioelectronics, 168, 112561. 

https://doi.org/10.1016/j.bios.2020.112561. 

 

https://doi.org/10.59992/IJSR.2025.v4n4p4

