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NEUROLOGICAL SIDE EFFECTS OF LONG-TERM BOTULINUM TOXIN USE
 



	Aims: To analyze and understand the neurological side effects associated with long-term use of botulinum toxin type A (BoNT-A), highlighting its implications on motor and sensory function in patients undergoing prolonged therapeutic application.
Study design:  Qualitative exploratory-descriptive bibliographic review.
Place and Duration of Study: The study was conducted using data collected from scientific literature indexed in PubMed, SciELO, and the Virtual Health Library (VHL), covering publications from 2013 to 2023.
Methodology: A systematic search was performed using controlled descriptors such as Neurological Side Effects, Botulinum Toxin, Central Nervous System, and Peripheral Nervous System. Boolean operators “AND” and “OR” were applied to refine the search. Inclusion criteria focused on full-text articles in English, Portuguese, and Spanish that directly addressed the neurological impacts of BoNT-A. The review excluded duplicated materials, summaries, debates, and inaccessible content. The selected studies were analyzed through three axes: identification of neurological side effects, impacts on motor and sensory function, and mechanisms of influence on the central nervous system.
Results: Findings indicated that BoNT-A is generally effective and safe for motor conditions such as spasticity and facial paralysis, though long-term use may result in mild to moderate adverse effects, including fatigue and muscle weakness. In chronic migraine treatment, BoNT-A showed significant improvement in pain frequency and quality of life. Potential retrograde transport of the toxin suggests central nervous system involvement. Statistical values were not derived as this was a literature-based review, but recurrent patterns across studies support the findings.
Conclusion: Botulinum toxin type A remains a valuable therapeutic option; however, prolonged administration requires caution and individualized monitoring. Further research is necessary to fully understand its central mechanisms and to establish safer, optimized protocols for long-term neurological applications.
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1. INTRODUCTION
Botulinum toxin type A (BoNT-A) is widely used in medicine, especially for treating conditions such as spasticity, chronic migraines, and motor disorders. Its mechanism of action is based on preventing the release of acetylcholine at neuromuscular junctions, promoting muscle relaxation and relief from pain associated with neurological conditions (1). However, the prolonged use of this therapy has raised concerns about possible side effects, particularly in the central and peripheral nervous systems, highlighting the need for more detailed studies on its neurological implications (2)(3).

 The neurological side effects of long-term BoNT-A use are an area of growing interest. Reports indicate that, although the therapeutic benefits are evident, there are impairments related to changes in the nervous system, such as local muscle atrophy and potential effects on central neural structures. Studies show that retrograde transport of the toxin along neurons may influence regions distant from the application site, suggesting an impact beyond the peripheral level (4)(5).

 Epidemiologically, the use of botulinum toxin is associated with adverse effects in a specific subset of patients. In studies with children with cerebral palsy, mild to moderate adverse events were reported in 51% of applications, while more serious complications, such as generalized weakness, are rare but present. In adults, long-term use for chronic migraines has shown sustained efficacy in up to 75% of patients after one year of treatment, although events such as muscle atrophy have been observed after five years of continuous use (6)(2).

 Additionally, there is growing concern about how BoNT-A’s effects may impact patients' long-term quality of life. A reduction in the number of pain days is evident, but adverse effects such as muscle injuries and functional changes may limit treatment adherence. Patients with chronic migraines who combined BoNT-A with CGRP inhibitors experienced significant improvements, reinforcing the need for combined approaches to minimize side effects while maximizing efficacy (7)(8).

 Therefore, understanding the mechanisms underlying BoNT-A’s neurological side effects is essential to improve its clinical use. This study aims to analyze how prolonged use of this therapy may influence neurological function, justified by the need to fill gaps in scientific knowledge and inform both professionals and patients about best clinical practices and potential risks involved in BoNT-A treatment (3)(2).


2. METHODOLOGY
This is a bibliographic study of the exploratory-descriptive type with a qualitative approach, developed based on data extracted from scientific literature. According to Gil (9), a bibliographic study is carried out using pre-existing materials, such as scientific articles and books, with the goal of constructing a theoretical overview of the subject in question. The exploratory nature of the study is reflected in the detailed literature review and the analysis of examples that clarify concepts and allow the development of hypotheses for future investigations.
This approach aims to provide greater insight into the neurological side effects of botulinum toxin, with an emphasis on its long-term impacts on the central and peripheral nervous systems.
According to Gonçalves (10), descriptive research seeks to record, analyze, and interpret observed facts, often establishing relationships between them. This qualitative study prioritized the value of the information obtained to understand the implications of botulinum toxin in depth, going beyond the quantitative profile of the data. This approach made it possible to explore more complex dimensions, facilitating the construction of scenarios that integrate the effects of the toxin over time (11).
Data collection was carried out through a bibliographic survey of scientific publications related to the topic from 2013 to 2023. Inclusion criteria encompassed full-text articles aligned with the theme and available in Portuguese, English, and Spanish. Exclusion criteria included duplicate articles, reviews, abstracts, debates, and incomplete or unavailable materials. The databases consulted were PubMed, SciELO, and the Virtual Health Library (VHL). For the research, keywords selected from DeCS were used: neurological side effects, botulinum toxin, central nervous system, and peripheral nervous system, with the aid of the Boolean operators “AND” and “OR.”
After the initial screening, the selected articles underwent a critical and thorough reading and were organized into three main categories: identification of neurological side effects, impact on motor and sensory function, and mechanisms of influence on the central nervous system. These categories were defined based on the specific objectives of the study, guiding data analysis and the structuring of results. The construction of tables to synthesize the information allowed for a systematic and coherent evaluation.
The methodology adopted was structured to ensure the robustness and validity of the results presented. This study sought to fill gaps in the knowledge regarding the neurological side effects of prolonged botulinum toxin use, contributing to advances in clinical practice and promoting a better understanding of the long-term implications of this treatment.


3. RESULTS AND DISCUSSION
3.1 Effects of Botulinum Toxin on Motor Function and Neuromuscular Coordination
Botulinum toxin type A (BoNT-A) plays a key role in treating various neurological and muscular conditions. Its mechanism of action involves blocking the release of acetylcholine at nerve endings, resulting in muscle relaxation. This effect is particularly useful in cases of peripheral facial palsy (PFP), where it helps reduce hypertonia, spasms, and synkinesis, improving functionality and facial symmetry. Additionally, by reducing sustained muscle contractions (SMCs), BoNT-A promotes better neuromuscular progression and muscle control ⁽¹²⁾.
Studies have shown that applications of onabotulinumtoxinA (BOTOX) lead to muscle relaxation by binding to nerve terminals and cleaving proteins associated with synaptic vesicles, thereby preventing the release of acetylcholine ⁽¹³⁾. This mechanism is fundamental in the treatment of spasticity and related conditions, such as facial dystonia, where the prolonged efficacy of botulinum toxin eliminates the need for other neurotoxins with lower long-term effectiveness. However, adverse effects like tearing, diplopia, and ptosis may occur due to the local action of the neurotoxin on adjacent muscles ⁽¹⁴⁾.
Botulinum toxin is also effective in treating hemifacial spasms and spasticity. Recent studies have shown that males are more likely to require triceps treatment, while females tend to seek therapy to improve hip performance. Evidence shows that both onabotulinumtoxinA and incobotulinumtoxinA are significantly important for controlling muscle tone, with positive results in various clinical conditions ⁽¹⁵⁾⁽¹⁶⁾. In children with cerebral palsy, for example, abobotulinumtoxinA has been effective in reducing spasticity and muscle tone, with measurable improvements on specific scales such as the Modified Ashworth Scale and the Tardieu Scale ⁽¹⁷⁾⁽¹⁸⁾.
However, there are challenges related to the adverse effects of botulinum toxin, such as generalized weakness and fatigue, often linked to the systemic spread of the toxin. Studies indicate that these effects, though inconvenient, are temporary and can be minimized with proper application techniques and accurate dosing ⁽¹⁹⁾⁽²⁰⁾. Additionally, the muscle atrophy observed in patients treated over long periods does not significantly compromise motor function, reinforcing the treatment’s safety in appropriate cases ⁽²¹⁾.
Botulinum neurotoxin also has potential effects on the central nervous system (CNS), although the exact mechanism still requires further investigation. Studies suggest that retrograde axonal transport or blockages in afferent fibers may be involved. These findings highlight the need for further research into optimal dosages and the central effects of botulinum toxin, especially to explore its impact beyond peripheral muscle relaxation ⁽⁵⁾⁽⁴⁾.

3.2 The Impact of Botulinum Toxin on Migraine Cases
Botulinum toxin type A (BoNT-A) has emerged as an effective therapy for chronic migraine prophylaxis, significantly reducing the frequency and intensity of attacks. Its mechanism of action includes inhibiting pro-inflammatory neurotransmitters, such as calcitonin gene-related peptide (CGRP), and modulating central sensitization, contributing to pain relief ⁽²²⁾. Studies show that BoNT-A not only reduces headache days but also improves patients’ quality of life, with a favorable safety profile and few side effects ⁽²³⁾.
The impact of BoNT-A has also been observed in comparative studies with other migraine medications. Patients reported a faster onset and longer-lasting response with botulinum toxin than with steroid-based treatments, anti-inflammatories, and anesthetic infiltrations. This positive effect is directly linked to the administered dose; single higher-dose applications resulted in more significant reductions in attacks than regimens using smaller, more frequent doses ⁽²⁴⁾⁽²⁵⁾⁽²⁶⁾.
In addition to reducing attacks, BoNT-A has provided benefits for specific groups, such as military personnel with a history of traumatic brain injury and patients with CADASIL (cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy). In these populations, reduced pain intensity and significant improvements in quality of life were observed. However, despite the benefits, there have been rare reports of more serious complications, such as encephalopathy, reinforcing the importance of clinical monitoring ⁽²⁷⁾⁽²⁸⁾.
BoNT-A’s efficacy has been widely validated in long-term studies, with substantial reductions in attack frequency and the use of acute relief medications. Patients showed better adherence to treatment compared to drugs like topiramate. Additionally, combining BoNT-A with CGRP inhibitors, in cases of insufficient response to monotherapy, yielded additional benefits, enhancing treatment impact ⁽⁸⁾⁽²⁹⁾⁽³⁰⁾.
Although side effects associated with botulinum toxin are generally mild, such as injection site pain and neck stiffness, precise application techniques and careful dose management are essential to avoid complications. The results show that BoNT-A is a safe and effective option, especially for patients with refractory chronic migraine, promoting better quality of life and reducing the social and economic burden of the disease ⁽³¹⁾.

3.3 Mechanisms of Action of Botulinum Toxin in the Nervous System
Botulinum toxin type A (BoNT-A) plays an essential role in treating various neurological and muscular disorders, including chronic migraine and neuropathic pain. Its mechanism involves inhibiting the release of acetylcholine at neuromuscular synapses, blocking nerve impulse transmission. Additionally, BoNT-A modulates pro-inflammatory neurotransmitters, such as CGRP and substance P, reducing neurogenic inflammation and central sensitization—key factors in the development of chronic pain conditions ⁽³²⁾⁽³³⁾.
In the treatment of chronic migraine, BoNT-A has proven effective in reducing the frequency and intensity of attacks. This effect is attributed to blocking the release of algogenic neuropeptides such as neurokinin A and CGRP. The toxin has also shown a positive impact by decreasing the use of fast-acting medications and improving patients’ quality of life ⁽²⁶⁾⁽²⁵⁾. Studies also suggest that BoNT-A selectively targets TRPV1 receptors, directly affecting C and A-delta fibers, contributing to its analgesic effect ⁽³⁴⁾⁽³⁵⁾.
Although BoNT-A is widely used in managing neuropathic pain and muscular conditions, its exact mechanism is not yet fully understood. Evidence suggests the toxin acts via retrograde axonal transport and by blocking SNAP-25–mediated exocytosis, inhibiting excitatory neurotransmitters like glutamate. This indirect action also reduces activation of inflammatory pathways in the central nervous system, as shown in gene expression studies in sensory regions ⁽³⁶⁾⁽¹²⁾.
The safety of BoNT-A treatment is highlighted in long-term studies, although complications can arise in specific cases. Mild side effects, such as injection site pain and muscle weakness, are more common, but more serious events like systemic botulism—though rare—require clinical attention. One example is the report of a 72-year-old patient who experienced head drop after toxin application, highlighting the importance of personalized dosing to minimize risks ⁽³⁷⁾⁽³⁸⁾.
BoNT-A remains an effective and safe therapy for neuromuscular and neuropathic conditions. However, further studies are needed to fully understand its mechanisms of action and explore safer, better-tolerated alternatives. Continuous use and the development of advanced formulations aim to further improve outcomes for patients with complex neurological disorders ⁽³⁹⁾⁽⁴⁰⁾.


4. CONCLUSION

Botulinum toxin type A (BoNT-A) shows significant effects on motor function and neuromuscular coordination, standing out as an effective therapy for conditions such as spasticity, dystonia, and peripheral facial palsy. Its ability to block the release of acetylcholine at neuromuscular junctions results in controlled muscle relaxation, improving functionality and reducing spasms. However, prolonged use may lead to mild to moderate adverse effects, such as muscle weakness and fatigue, which are generally transient and manageable with proper dosing and precise application techniques ⁽⁴¹⁾.
In the context of chronic migraine, BoNT-A has a substantial positive impact, reducing the frequency and intensity of attacks through the modulation of pro-inflammatory neurotransmitters such as CGRP and central sensitization. In addition to improving patients’ quality of life, the therapy reduces the consumption of acute relief medications and enhances effectiveness when combined with other treatments, such as CGRP inhibitors ⁽⁴²⁾⁽⁴³⁾.
As for the mechanisms of action, BoNT-A not only inhibits peripheral acetylcholine release but also has potential central effects due to retrograde transport and modulation of inflammatory pathways and excitatory neurotransmitters such as glutamate ⁽⁴⁴⁾⁽³⁶⁾. This multifaceted mechanism supports its role in both motor and sensory conditions.
Although BoNT-A is generally safe and effective, its long-term use requires careful monitoring to mitigate potential risks and ensure a balance between benefits and side effects. Further studies are needed to better understand the central impacts of the toxin and explore new strategies to improve clinical outcomes in patients with neurological and muscular disorders ⁽⁴⁵⁾⁽⁴⁰⁾.
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