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Abstract: The use of low-dose local anesthetics (LAs) has significantly transformed patient care by
providing rapid and effective relief of pain and other clinical conditions while minimizing recovery
time. This study aims to identify and describe the existing scientific evidence on the therapeutic use of
low-dose LAs in various conditions and to identify gaps in the current literature in order to prioritize
future research. This systematic scoping review adhered to the methodological guidelines outlined in
the Arksey and O’Malley framework, which includes five distinct stages. Of the 129 studies included,
37.98% (n = 49) were clinical trials, 55.03% (n = 71) were observational studies, and 6.97% (n = 9) were
systematic reviews. The most commonly reported indication for the use of low-dose LAs was chronic
pain management (72.86%), followed by acute pain management (13.17%). Additionally, non-pain-
related indications were also identified (13.95%). Overall, the administration of low-dose, short-acting
LAs demonstrated favorable outcomes in terms of pain management and reduction in anxiety and
depression scales, thereby having a positive impact on the patients” quality of life. This review
represents the first systematic scoping review regarding the therapeutic role of LAs. To substantiate
the reported positive effects on efficacy and safety, further rigorous research comprising larger,
well-designed randomized controlled trials (RCTs) and long-term outcome monitoring is imperative.
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1. Introduction

The use of local anesthetics (LAs) for therapeutic purposes dates to their discovery
when the Austrian ophthalmologist Carl Koller performed the first surgery using the
anesthetic properties of cocaine in 1894 [1]. In 1905, Einhorn synthesized the local anesthetic
procaine, and, a year later, Spiess reported the rapid reduction of inflammation with
procaine injections, attributing this effect to its action on the nervous system [2]. Over
the years, the medical community has expanded on the pioneering ideas of the Huneke
brothers and others, leading to the widespread use of LAs for therapeutic purposes in
Europe, often referred to as neural therapy (NT) or therapeutic local anesthesia [3-8].

The therapeutic use of LAs in the treatment of pain and various other clinical condi-
tions has been well-documented [9-12] and accepted, as evidenced by its inclusion in the
mandatory basic insurance in some countries, such as Switzerland, Austria, or Colombia.
Traditionally used in the surgical setting for short-term analgesia, the therapeutic use of
LAs now aims to provide sustained relief of pain and other dysfunctions by targeting
the autonomic nervous system (ANS). The ANS plays a central role in the regulation of
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inflammatory and immune processes, (micro) circulation and thus pain, and other clinical
conditions [13-20].

One of the intriguing aspects of this therapy is the use of low-dose, short-acting LAs
in areas of injury or inflammation, nerves, ganglia, and others, such as myofascial trigger
points. The underlying principle is to modulate the auto-regulatory mechanisms and
plastic properties of the nervous system, particularly the ANS [4,5,17,18,21-25]. The role of
the ANS in the modern understanding of inflammation and pain is fundamental, as ANS
controls reflexive neuroimmunological and inflammatory cascades [13,16,17,26-29].

The global acceptance and application of LA therapy are rapidly expanding, and this
review aims to contribute to the ongoing development of this therapeutic approach. We
focus on studies using low-dose, short-acting LAs, without any additives or combinations
with other drugs, at concentrations up to 2%, for therapeutic purposes, without the intent
to achieve local anesthesia, based on the criteria known as NT [3-5]. The efficacy and
safety of this approach have been explored in conditions ranging from pain, inflammation,
and other conditions, such as arterial hypertension and post-traumatic stress syndrome to
post-COVID-19 patients [3,9-11,17,21,22,30-51]. However, a comprehensive understanding
of the scope and design of these studies is unknown. This review attempts to summarize
and describe the current scientific evidence on therapeutic LAs for pain management and
other conditions while also identifying gaps in the literature to guide future research.

2. Materials and Methods
2.1. Study Design

To gather relevant information, a systematic scoping review was conducted in accor-
dance with the methodological guidelines of the Arksey and O’Malley framework, which
recommends the following stages: (1) identifying the research question; (2) identifying
relevant studies; (3) study selection; (4) charting the data; and (5) collating, summarizing,
and reporting the results. The report of this scoping review was compiled by the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) extension for
scoping reviews (PRISMA-ScR) [52].

See Annex A for the PRISMA-ScR Checklist of the present study.

2.2. Identifying the Research Question

To develop our research question, we used the PICO (population, intervention, com-
parator, and outcomes) framework [53].

The research question was as follows: In patients with various medical conditions,
what does the existing literature reveal about the therapeutic application of low-dose LAs
with concentrations below 2%?

2.3. Identifying Relevant Studies

We selected all studies published in the literature that used LAs alone and included any
measures of efficacy or safety (such as reporting toxicity) or outcomes with a therapeutic
purpose. We included studies in which the intervention involved LAs, with or without a
comparator. For studies that included a comparator, we only selected those that contained
atleast one group that used LAs alone or diluted with a saline solution. Studies that focused
on other types of outcomes (such as cost-effectiveness and prognosis) were excluded.

Both experimental and quasi-experimental study designs were considered, including
randomized controlled trials, non-randomized controlled trials, pre-post studies, and
interrupted time-series studies. In addition, analytical observational studies, including
prospective and retrospective cohort studies, case-control studies, and analytical cross-
sectional studies, were considered for inclusion. This review also included descriptive
observational study designs such as case series, individual case reports, descriptive cross-
sectional studies, as well as qualitative studies, systematic reviews, and meta-analyses that
met the inclusion criteria.
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Conversely, we excluded narrative reviews, expert opinions, and letters to the editor.
Studies involving systemic use or combination with other drugs, such as anti-inflammatory
drugs, corticosteroids, or phytotherapy, as well as non-pharmacological interventions such
as acupuncture, were also excluded.

Our goal was to identify all published studies on the use of low-dose Las for therapeu-
tic purposes. Our literature search had no language or time constraints. To achieve this, we
developed a search strategy based on the terms included in Annex B and applied it to the
following databases (1 = 4):

MEDLINE via PubMed
Cochrane Library—including the Cochrane Database of Systematic Reviews (CDSR)
and CENTRAL (clinical trials)

e LILACS

We conducted a concise search on Google Scholar to identify potential studies that
may not have been included in the selected databases. Additionally, we conducted a brief
search by referencing the included studies.

2.4. Study Selection

Two reviewers independently assessed articles based on the inclusion criteria by title
and abstract. After this initial screening stage, the full texts of the articles that met these
criteria were obtained, and a second review was conducted to confirm inclusion based on
the full text. For an article to proceed to this second screening phase, it had to meet all
the inclusion criteria and none of the exclusion criteria. Any disagreements were resolved
by discussion or consultation with a third reviewer. We used Rayyan Qatar Computing
Research Institute (QCRI)—a web and mobile app for systematic reviews, 2016, as the data
management software for both screening phases.

2.5. Charting the Data

We developed a data extraction table to collate the relevant data for this review
and to facilitate discussion of the variables. The extraction variables included: author(s),
year of publication, source of origin/country of origin, objectives, characteristics of the
study population and sample size, type of study, type of intervention and comparator (if
applicable), efficacy or safety outcome, how the outcome was measured, and key findings
relating to the review question. Additionally, data regarding the safety of the intervention
were specifically recorded in those articles where such information was provided.

Two reviewers independently extracted and verified the data, and any discrepancies
were resolved by a third reviewer.

2.6. Collating, Summarizing, and Reporting the Results

Regarding the presentation of results, we performed a narrative synthesis in which we
used the text and tables from the studies to provide a descriptive summary and explanation
of the study characteristics and findings. We presented this information visually and
in evidence tables. The characteristics and main findings of the included studies were
presented in a narrative synthesis that highlighted the gaps in the evidence and provided
potential interpretations and implications of the results.

3. Results
3.1. Search Results and Study Selection

We initially identified a total of 9614 publications from all the selected databases
(Medline, LILACS, and Cochrane Library). Additionally, we found 52 articles through
citation searches and grey literature. After removing duplicates (n = 1944), a total of
7670 publications from the different search strategies were manually screened. Based on
titles and abstracts, we excluded 7250 publications, resulting in 420 articles. Of these,
10 could not be retrieved, leaving 410 full-text articles to be extracted and assessed for
eligibility. From this group, we excluded 315 studies for the reasons outlined in Figure 1.
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Figure 1. PRISMA flow diagram of the scoping review inclusion process.

In addition to the database search, we identified 52 publications from citation search-
ing, 6 of which were not retrieved. Of the 46 studies assessed for eligibility, 12 were
excluded because they did not meet the eligibility criteria in relation to the type of study, in
this case, opinion articles.

As a result, 129 studies were included in the review. The study inclusion process is
shown in Figure 1.

3.2. Description of the Included Studies

The main characteristics of the studies included are presented in Supplementary Table S1.

Regarding the types of included studies, there were 49 (36%) clinical trials, both
randomized and non-randomized, 71 (57%) observational studies, and 9 (7%) systematic
reviews. Among the seventy-one observational studies included, 44 (34%) were case
reports/case series, 21 (16%) were cohort studies, 1 (1%) was a qualitative study, 2 (2%)
were prospective observational studies, and 5 (4%) were before-and-after studies. Figure 2
shows the distribution of studies by type. The median number of patients was 44 (17, 78.5),
with the highest numbers corresponding to the population within the systematic reviews.
However, patient population was not available for all the selected studies. All publications
had a therapeutic purpose, and adverse effects related to the use of LAs and the assessment
of their allergenicity were also found. The most commonly reported LAs were lidocaine
(n = 54), procaine (n = 36), and bupivacaine (1 = 30).

Most of the studies were conducted in Tiirkiye (1 = 24), United States (n = 19), Germany
(n =11), Cuba (1 = 10), Spain (n = 10), Switzerland (n = 7), Korea (n = 6), and China (n = 8).
The remaining publications hailed from 18 other countries, including Canada, Scotland,
Japan, Italy, New Zealand, Colombia, Brazil, Venezuela, Greece, Hungary, Denmark, United
Kingdom, Belgium, Russia, Lebanon, and India.
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Figure 2. Distribution of included papers based on study type.

The median publication year was 2016, with an interquartile range from 2010 to
2019, indicating that over half of the selected studies were conducted between 2011 and
March 2022.

In total, 63.5% percent of the articles were published in general medical journals.
Specialty journals were identified, such as pain management journals (17.05%, n = 22),
neurology or psychiatry journals (10.85%, n = 14), and anesthesiology journals (8.52%,
n =11), among others.

3.3. Description of Indications

The primary indication for low-dose, short-acting LAs was chronic pain (73%, n = 94).
Additionally, acute pain was identified (13%, n = 17). Within the category of chronic
pain, the most prevalent conditions were musculoskeletal and /or myofascial pain (1 = 39),
followed by migraine/headache (n = 31). Figure 3 illustrates the various therapeutic
indications for both chronic and acute pain.

We also found low-dose LAs were used for non-pain indications (14%, n = 18). Figure 4
shows the various non-pain indications identified.

In the collected studies, 47.28% (n = 61) reported the use of low doses of LAs for
segmental application based on viscerocutaneous reflexes and for ganglion injections.
Meanwhile, approximately 18.60% (n = 24) reported its use for local application or “loco
dolendi”, or with trigger point infiltration, and 21.70% (n = 28) performed ganglion ap-
plication looking for systemic effects. Overall, 10.35% (n = 14) of studies documented
a mixed application of LAs, combining local, segmental therapy and interference field
(neuromodulatory trigger!®) treatment.

Figure 5 presents the current evidence gaps identified on the literature focusing on
type of indication and type of study.
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Figure 4. Non-pain indications.
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Figure 5. The current evidence gaps identified in the literature focusing on type of indication and

type of study. CRPS: Complex regional pain syndrome; PHN: Post-herpetic neuralgia.

3.4. Outcomes

Our investigation encompassed a total of 124 studies (96.12%) that primarily assessed
the efficacy of LAs, while five studies (3.87%) specifically focused on safety aspects. The
most prevalent outcomes identified within the efficacy-focused studies included substantial
statistics on pain relief (41.6%), improvements in patient quality of life (8.3%), reduced
analgesic intake (6.25%), and improved scores on anxiety and depression scales (6.25%).

Within the cohort of studies evaluating efficacy, a notable subset—69 studies
(53.48%)—considered safety as a secondary aspect. Of these, 18 studies (26.08%) reported
transient, mild adverse reactions. These included localized symptoms, such as pain and itch-
ing at the injection site, and self-limiting vasomotor symptoms, such as nausea, dizziness,
and numbness. It is pivotal to highlight that no severe adverse reactions or allergic re-
sponses were documented in any of the studies reviewed. Procaine and lidocaine emerged
as the most extensively researched local anesthetics within the gathered studies. In terms of
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safety and the occurrence of adverse effects, studies involving lidocaine exhibited a higher
frequency of reported events compared to those involving procaine, although neither
showed any major adverse effects.

LA injections for therapeutic purposes were frequently reported to have a positive
(48.06%) or potentially positive effect (36.43%). Only a small percentage of studies re-
ported no effect or provided unclear/insufficient evidence (8.52% and 3.87%, respectively).
Figure 6 shows the intervention effect by therapeutic indication and identifies evidence
gaps in the current literature.

Evidence of Evidence of Potential Evidence of Unclear/Insufficient
Positive Effect Positive Effect No Effect Evidence

Hiccups 1@ E 1 1

16
14
12

10

PN, @ 1 1 i

[ ]
L
L
Number of Studies

o
L
L
L

CRPS | ® 1 1 1

0 5 w15 0 5 00 1 2 8 1 2 3
Figure 6. Evidence map by the intervention effect. The color and size of the bubble refer to the
number of studies identified by indication and the effect of the intervention. CRPS: Complex regional
pain syndrome; PHN: Post-herpetic neuralgia.

Regarding studies exploring the impact of LAs on acute stress, positive effects were
reported. Regarding stress, anxiety, or depression as secondary outcomes (1 = 4), one study
demonstrated an improvement in anxiety or depression, two suggested a potential positive
effect, while one reported no significant improvement in anxiety or depression.

4. Discussion

Our review was designed to consolidate the existing scientific knowledge on the thera-
peutic use of low-dose LAs for various conditions and to identify areas that warrant further
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investigation. Historically, the scope and design of studies evaluating the therapeutic
efficacy and safety of LAs have remained largely unknown. This scoping review high-
lights emerging evidence that underscores the versatility of LAs beyond their traditional
anesthetic role.

Our findings provide strong support for the therapeutic use of LAs in a variety
of conditions. While pain, anxiety, and depression emerged as predominant concerns,
LAs also demonstrated efficacy in the treatment of neuralgia, various chronic pain syn-
dromes, renal colic, lithiasis, and more. Their role in alleviating stress, both acute and
post-traumatic, is consistent with the principles of neural therapy, a neuroregulation ther-
apy, which emphasizes the regulatory function of the ANS. By targeting specific neural
regions with LAs, a regulatory process is generated that can help improve physical, mental,
and emotional states.

4.1. Properties of LAs and Mechanisms of Action

LAs work by blocking voltage-gated sodium channels, inhibiting nerve conduction
and thereby producing local analgesia. Originally developed for surgical applications,
newer LAs have been synthesized to prolong the duration of anesthesia. However, thera-
peutic regulation does not depend on the prolonged action of LAs. Rather, it is the ability
to “reset” pathological conduction that matters, regardless of how long this interruption
lasts [17,21]. LAs are an important therapeutic option in the analgesic management of pain.
Their use in pain relief strategies is logical because they effectively block the conduction of
peripheral nociceptive nerve fibers, thereby attenuating the activity of the entire nociceptive
system. This includes dampening the response of wide dynamic range (WDR) neurons in
the spinal cord and attenuating central sensitization [16,54].

Over time, LAs have been found to exert a range of alternative effects, including
modulation of the inflammatory cascade, inhibition of inflammatory mediators, antiar-
rhythmic [55], protection against thromboembolism [56], antimicrobial activity, and even
anticancer properties [57-62].

LAs exhibit powerful anti-inflammatory effects acting on both humoral and cellular
levels [62], potentially surpassing traditional steroidal or non-steroidal anti-inflammatory
agents in efficacy and tolerability [63]. They reduce inflammation while preserving the
body’s healing and protective responses, effectively managing pain without delaying
healing or increasing the risk of infection [64]. Furthermore, lower concentrations of LAs
can maintain an anti-inflammatory and, consequently, analgesic effect, minimizing the risk
of potential toxicity [65].

Beyond the immediate effects of LAs and their alternative properties, it is necessary to
consider other mechanisms to account for the sustained therapeutic outcomes observed in
conditions like therapy-resistant pain and inflammation. The role of the ANS is important
in this context. Our previous research postulates the existence of positive feedback loops
in pain and inflammatory pathways controlled by the ANS [17,18,25,65]. Interestingly,
these basic feedback mechanisms are universal and can be activated by various triggers
such as infection, mechanical trauma, or psychological stress [13,17,28,66]. Consequently,
the results of our study elucidate why a single agent, such as LAs, can be therapeutically
effective in a wide range of clinical diagnoses. In the following sections, we show the
importance of the ANS in the emergence of feedback loops and their interruption by LAs.

4.1.1. Neuronal Reflex Circuitries

The anatomical organization of neuronal pathways, characterized by principles of con-
vergence and divergence, exemplifies a fundamental biological mechanism that facilitates
positive feedback loops within reflex circuits [17]. A prime example of this is the conver-
gence of visceral and somatic nociceptive afferents on the same multireceptive neurons in
the dorsal horn of the spinal cord (wide dynamic range WDR neurons). Subsequent fibers
give rise to divergent efferent pathways that project to: (1) higher brain centers, (2) sympa-
thetic or parasympathetic nuclei within the lateral horn, (3) the anterior horn, innervating
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the skeletal musculature [5]. Clinically, this can result in increased peripheral myofascial
tone and skin turgor, changes in microcirculation, and hyperalgesia, indicating sensitization
processes in which the sympathetic nervous system plays a central role. The resulting pe-
ripheral sensitization enhances sympathetic hyperactivity, thereby amplifying nociceptive
input to the spinal cord [65]. This reciprocal reinforcement between peripheral and central
mechanisms constitutes a positive feedback loop involving the ANS [25]. Interventionally,
the transient disruption of these reflexive pathways through the administration of LAs may
facilitate a reversion to physiological homeostasis [17,20,25]. The strategic application of
LAs can be tailored to the individual by targeting specific anatomical structures such as
trigger points, scars, sympathetic ganglia, and peripheral nerves. The repeated blockade
of sensitized nociceptive afferents by LAs contributes to the modulation of neuroplastic
changes within neuronal centers, potentially attenuating “pain memory” [65]. In addition,
useful combinations of injections can be applied simultaneously, having a positive effect
on inhibitory mechanisms, such as the gate control of pain postulated by Melzack and
Wall [67], reducing nociceptive transmission at the dorsal horn.

4.1.2. Pathophysiological Coupling Mechanisms between Sympathetic and
Nociceptive Systems

Under pathological conditions, a short-circuit may occur between sympathetic effer-
ent fibers and nociceptive afferents, a phenomenon referred to as “sympathetic afferent
coupling” [16,68]. Nociceptive afferents [68-70], and even immune cells [71], can express
adrenergic receptors. This expression facilitates a pathological nexus where the efferent
sympathetic outflow gains the ability to directly activate the afferent nociceptive pathways
as well as modulate immune responses, creating a cascade that can potentiate pain and
inflammation, thereby establishing a self-perpetuating positive feedback loop [17].

A similar process is called “sympathetic sprouting,” wherein sympathetic fibers un-
dergo morphological changes, elaborating basket-like structures in the dorsal root ganglia
of nociceptive afferents under inflammatory and neuropathic conditions [72-74]. Such
structural reorganization allows for an enhanced and rapid nociceptive response to sym-
pathetic stimuli (peripheral or central), thereby exacerbating pain in a positive feedback
loop [5]. LAs have been shown to reduce sympathetic sprouting in dorsal root ganglia with
increased spontaneous activity [75,76].

4.1.3. Sensitization and Neuroplastic Mechanisms

Sensitization processes can induce peripheral and central neuroplastic changes [77],
effectively allowing the nervous system to acquire and retain new functional states like
learning and memory. This capacity for neuroadaptation extends to the sympathetic
ganglia, where it can result in the enhancement of the postsynaptic neuronal response to
repetitive presynaptic activity (synaptic long-term potentiation LTP) [78-80], showing the
efficacy of LAs in indirectly reducing LTP.

Thus, the sympathetic nervous system can engrammatically store “old” stimuli and respond
to new physiological stimuli with an overshooting pathological response [17,65,66,78,81,82]. This
can be seen as a memory and learning process [28,77,82]. Any activation of the sympathetic
system, peripheral or central (including emotions), can amplify symptomatic manifes-
tations, such as pain or inflammation, by establishing positive feedback loops [17,24].
Repeated LA-induced blockade of sensitized nociceptive afferent neurons also allows
modulation of plastic changes in neuronal centers (“pain memory”) [65].



J. Clin. Med. 2023, 12, 7221

11 of 16

4.1.4. Neuroimmunological Interactions and Therapeutic Implications

The ANS and the immune system are in a dynamic and intricate communication
network, as evidenced by extensive research [13,15,17,19,25-28,83]. These reflectory neu-
roimmunological and inflammatory cascades constitute a general reaction principle of the
organism under the leadership of the ANS [17]. We could detect several interdependent
positive feedback loops that can exacerbate inflammation and pain [17].

Crucially, these feedback loops depend strongly on the ANS, with sympathetic effer-
ents playing an important role alongside the modulatory influence of cytokines and vagal
fibers interacting within the sympathetic centers of the brainstem [17]. These loops operate
simultaneously, reinforcing each other and perpetuating the physiological response [17].

A remarkable aspect of these neuroimmune interactions is their consistency across
disease states, regardless of the nature of the initial stimulus—be it infection, mechanical
trauma, or psychological stress [13,16,17,28,66]. This consistency suggests that basic patho-
logical neuroimmune communication can be effectively modulated by LAs, particularly
through interventions such as stellate ganglion blocks, which can “reset” these dysregulated
pathways [17].

Consequently, we postulated a unified pathogenetic mechanism within the neuroim-
mune system, predominantly under the regulation of the sympathetic nervous system [17].
This common principle explains the efficacy of stellate ganglion blocks with LA in the
treatment of a wide range of conditions such as acute and chronic pain, acute respira-
tory distress syndrome, pneumonia, traumatic brain injury, post-traumatic stress disorder,
autoimmune diseases, heart failure including arrhythmias, microcirculatory disorders,
autonomic dysfunction, neurogenic inflammation, complex regional pain syndrome, early
systemic inflammatory response in severe trauma, and more [17,19,38,39,84-91].

4.2. Safety

No significant adverse effects from LAs toxicity were found in the reviewed arti-
cles, which is consistent with the established literature that consistently emphasizes the
dose-dependent nature of toxicity. The administration of LAs at low doses is remarkably
safe. While there have been historical concerns about potential allergic reactions to LAs,
particularly procaine, our review and recent research have largely allayed these fears.
In our review, lidocaine and procaine emerged as the predominant LAs of choice, with
their selection likely influenced by their relatively low toxicity profiles. The prevalence of
lidocaine may be attributed to its widespread availability and lower incidence of allergic
reactions. However, when evaluated purely from a toxicity standpoint, procaine may be
the more prudent choice due to its even lower toxicity, shorter half-life, and lack of reliance
on hepatic metabolism, particularly in therapeutic contexts without anesthetic intent.

Any needle-based procedure carries inherent risks associated with puncture, including
potential complications such as severe hematoma and pneumothorax. LAs in the cere-
brospinal fluid space can compromise vital functions. Importantly, the severity of these
complications is dose-related. Nevertheless, our study shows a high level of safety, as no
complications were reported in the studies reviewed.

This safety, combined with their proven efficacy, underscores the importance of ex-
ploring LAs for novel therapeutic applications.

4.3. Limitations of Our Scoping Review

Our study has some limitations. From our initial review of over 9000 publications,
a significant majority had to be excluded. The wide range of methodological and design
variations, particularly evident in publications spanning several decades, introduces con-
siderable variability into the literature. Given that the therapeutic use of LAs spans over
a century, this variability can be viewed as a characteristic feature of the literature rather
than a strict limitation. Nonetheless, it is essential to acknowledge that this variability
presents challenges in drawing definitive conclusions. While recognizing these inherent
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limitations, it is important to emphasize that our review is at the forefront of consolidating
the literature on the therapeutic use of LAs within a unified methodological framework.

4.4. Future

Recent and historical research underscores the diverse therapeutic potential of LAs
beyond their primary anesthetic role. Modern academic institutions are increasingly explor-
ing the therapeutic use of low-dose LAs, particularly in areas such as pain management,
inflammation, dysfunction, and other conditions. The strategy of drug repurposing offers
a promising avenue for these agents, given their minimal side effects, negligible drug
interactions, affordability, and global availability. The remarkable beneficial effects of LAs
are increasingly being investigated in relation to additional comorbidities, such as cancer, as
evidenced by Badwe et al. and other referenced studies [60]. While their safety and efficacy
are well established, there is an urgent need for increased research into the expansive
therapeutic applications of local anesthetics.

Our review highlights the need for high-quality observational studies to complement
clinical trials and provide a broader, comprehensive societal perspective.

5. Conclusions

In summary, our systematic scoping review highlights the versatile therapeutic poten-
tial of LAs in a variety of clinical contexts and known mechanisms of action. When used
judiciously, LAs have consistently demonstrated safety and efficacy in the management of
pain, inflammation, and other conditions and related symptoms, with no significant adverse
effects. More rigorous studies are needed to further elucidate pathophysiologic mechanisms
and to identify new therapeutic avenues. Future research should prioritize determining
optimal dosing, refining treatment methodologies, and evaluating long-term outcomes.
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