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Abstract

Neuropathic pain is a complex and multifactorial condition resulting from lesions or diseases affecting
the somatosensory system, characterized by persistent pain that is often resistant to conventional
treatments. Its pathophysiology involves a combination of peripheral and central mechanisms,
including ectopic impulse generation, peripheral and central sensitization, ion channel dysfunction,
and neurotransmitter imbalance. These processes lead to increased neuronal excitability and
maladaptive plasticity, contributing to the chronicity of pain. Clinically, neuropathic pain is classified
as peripheral or central depending on the location of the lesion and is associated with conditions such
as diabetic neuropathy, postherpetic neuralgia, radiculopathy, chemotherapy-induced neuropathy, and
spinal cord injury. Patients typically present with spontaneous pain described as burning or electric
sensations, as well as evoked pain such as allodynia. Diagnosis relies on clinical evaluation supported
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by validated tools and complementary studies, including electrophysiology and imaging. Management
is guided by a stepwise and individualized approach aimed at reducing pain, improving function, and
enhancing quality of life. First-line treatments include gabapentinoids, tricyclic antidepressants, and
serotonin—norepinephrine reuptake inhibitors, while second- and third-line options include topical
therapies, opioids, and interventional procedures. Anesthetic agents such as lidocaine and ketamine,
along with neuromodulatory drugs, play an important role, particularly in refractory cases. Despite
available therapies, treatment outcomes remain suboptimal due to limited efficacy and adverse effects.
Emerging strategies, including precision medicine, targeted ion channel therapies, and
neuromodulation techniques, offer promising avenues for improving long-term management and
patient outcomes.
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functioning. These persistent and often severe
symptoms contribute to a marked decline in
functional status and overall quality of life. In
addition, the chronic and frequently refractory
nature of neuropathic pain is closely associated
with psychological comorbidities such as
depression and anxiety, further exacerbating
patient burden. Effective management is
therefore essential, as inadequate or delayed
treatment may lead to long-term alterations in
pain pathways, ultimately making the condition
more difficult to control over time [4, 5].

Introduction

Neuropathic pain is a complex and challenging
condition characterized by pain arising from a
lesion or disease affecting the somatosensory
system. The International Association for the
Study of Pain (IASP) defines neuropathic pain as
“pain caused by a lesion or disease of the
somatosensory This  condition
significantly impacts patients’ quality of life and
presents substantial therapeutic challenges due to
its heterogeneous nature and frequent resistance
to conventional analgesics. Its global prevalence
is considerable, with estimates ranging from
6.9% to 10%, although broader analyses suggest
that it may affect between 3% and 17% of the

system”.

Despite advances in  understanding its
pathophysiology, the treatment of neuropathic
pain remains particularly challenging. First-line

general population depending on diagnostic ) i ) )
criteria and  population  characteristics, ~Pharmacological therapies, including
Furthermore, neuropathic pain is commonly gabapentinoids, tricyclic antidepressants, and

serotonin—norepinephrine  reuptake inhibitors,
often demonstrate limited efficacy and are

associated with conditions such as diabetes,
multiple sclerosis, and spinal cord injuries, which

contribute to its overall prevalence and clinical
burden. The chronic nature of this condition,
combined with its resistance to treatment, results
in increased healthcare costs and reduced
productivity, thereby amplifying its global
impact [1, 2, 3].

From a clinical perspective, neuropathic pain is
characterized by a range of symptoms including
numbness, tingling, and electric shock-like
sensations, all of which can severely impair daily

frequently associated with significant adverse
effects [5]. Consequently, a substantial
proportion of patients fail to achieve adequate
symptom control, resulting in high rates of
treatment failure and refractoriness [4]. This
therapeutic difficulty is further compounded by
the complexity of neuropathic pain, which
encompasses diverse etiologies and underlying
mechanisms, thereby hindering the development
of universally effective treatment strategies [6].
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In this context, there has been growing interest in
alternative therapeutic approaches, particularly
those involving anesthetic agents and
neuromodulators. Anesthetic agents such as
bupivacaine have demonstrated potential in
providing targeted pain relief through the
modulation of neuroimmune interactions and the
reduction of neuroinflammation [7]. Similarly,
neuromodulation techniques, including spinal
cord stimulation and peripheral  nerve
stimulation, offer promising strategies for
achieving sustained analgesia by altering pain
signaling pathways. These approaches are
especially relevant given their capacity to
provide more individualized treatment options
while potentially reducing reliance on systemic
medications associated with significant side
effects [8].

The aim of this articles is o analyze the
pharmacological management of neuropathic
pain, with particular emphasis on the role of
anesthetic agents and neuromodulators, in order
to evaluate their mechanisms of action, clinical
effectiveness, and potential as therapeutic
alternatives in patients with refractory pain.

Methodology

This manuscript was developed as a structured
narrative review aimed at providing an updated

and clinically integrated analysis  of
hypopharyngeal and cervical esophageal
carcinoma, with particular emphasis on

prognostic determinants, diagnostic strategies,
and contemporary therapeutic approaches. The
review was conducted in accordance with the
SANRA (Scale for the Assessment of Narrative
Review Articles) framework and followed a
predefined methodological protocol established
prior to literature screening. Given the clinical
heterogeneity of these tumors and the variability
in staging systems and treatment paradigms, a
narrative interpretative synthesis was selected
over quantitative pooling in order to integrate
anatomical, oncologic, and functional
considerations into a coherent and clinically
applicable framework. Special attention was

given to the impact of cervical esophageal
invasion on survival, the role of multimodal
therapy, organ-preservation strategies, and
reconstructive approaches in advanced disease.
The objective was to provide a structured
synthesis capable of supporting multidisciplinary
decision-making in complex upper aerodigestive
tract malignancies.

A comprehensive literature search was conducted
in PubMed, Scopus, and Web of Science,
including peer-reviewed articles published in
English or Spanish between January 2020 and
December 2025. The final search was performed
in March2026. This timeframe was selected to
capture contemporary advances in
chemoradiotherapy protocols, surgical
reconstruction  techniques,  immunotherapy
integration, and updated staging
recommendations. Foundational studies were
incorporated when necessary to contextualize
pathophysiological mechanisms or historical
treatment evolution. The search strategy
combined MeSH and free-text terms using
Boolean operators related to hypopharyngeal
carcinoma, cervical esophageal carcinoma,
squamous cell carcinoma, cervical esophageal
invasion, chemoradiotherapy,

pharyngolaryngoesophagectomy, organ
preservation, neoadjuvant therapy, survival
outcomes, and reconstruction techniques.

Searches were conducted in titles and abstracts as
well as indexed subject headings to maximize
sensitivity.

The initial search yielded 205 records. After
removal of duplicates, 141 articles remained for
title and abstract screening. Of these, 93
underwent full-text evaluation, and 50 studies
were included in the final synthesis. Selection
was performed independently by two authors,
with disagreements resolved through discussion
and consensus. Exclusion criteria comprised
non—peer-reviewed publications, isolated case
reports, editorials without outcome data, purely
technical surgical descriptions lacking oncologic
results, redundant datasets, and studies not
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directly addressing prognostic impact, diagnostic
evaluation, or therapeutic outcomes in
hypopharyngeal — or  cervical  esophageal
carcinoma.

Eligible studies included randomized controlled
trials, large observational cohorts, systematic
reviews, meta-analyses, expert consensus
statements, and contemporary international
guidelines from head and neck oncology,
thoracic surgery, and radiation oncology
societies. Priority was assigned to multicenter
investigations, studies with standardized TNM

staging definitions, and research evaluating
survival  outcomes, loco-regional  control,
functional  results, and treatment-related

morbidity. Extracted variables included study
design, tumor location and stage, presence of
cervical esophageal invasion, treatment modality,
reconstruction  technique when applicable,
survival metrics (overall survival and disease-
free survival), recurrence patterns, and reported
complications. Methodological quality and
internal validity were assessed narratively,
considering risk of bias, sample size, follow-up
duration, consistency of staging criteria, and
reproducibility of reported outcomes. In cases of
conflicting evidence, greater interpretative
weight was assigned to higher-level evidence and
guideline-supported recommendations.

Reference lists of included studies were
manually screened to identify additional relevant
publications. Given its narrative design, this
review is subject to potential selection bias and
does not provide pooled quantitative estimates.
Acrtificial intelligence—based tools were used
exclusively to assist in literature organization and
structural coherence, whereas critical appraisal,
synthesis, and final interpretation were
conducted independently by the authors to
preserve methodological rigor.
Pathophysiological Mechanisms of
Neuropathic Pain

Peripheral nerve injury initiates a cascade of
pathophysiological events that contribute to the

development and persistence of neuropathic pain.
One of the earliest mechanisms involves the
generation of ectopic impulses, which are
abnormal spontaneous electrical discharges
arising from injured nerve fibers. These aberrant
signals are often associated with miswiring and
inappropriate targeting of end organs by
nociceptors, ultimately leading to clinical
manifestations such as allodynia and
hyperalgesia [9]. In parallel, the sprouting of
sympathetic fibers within the dorsal root ganglia
(DRG), along with the release of mediators such
as norepinephrine and CXCL16, further
amplifies neuronal hyperexcitability, thereby
contributing to the maintenance of neuropathic
pain states [7].

This peripheral dysfunction is closely linked to
the process of peripheral sensitization, in which
nociceptors exhibit an exaggerated response to
both noxious and non-noxious stimuli. This
heightened sensitivity is driven by inflammatory
mediators, including cytokines and chemokines,
which create a pro-inflammatory
microenvironment. Additionally, oxidative stress
and cellular senescence further exacerbate this
state, reinforcing sustained nociceptor activation
[10]. At the molecular level, ion channels play a
crucial role in this process, particularly the
sensitization of TRPV1 channels in DRG
neurons, which has been strongly implicated in
conditions such as chemotherapy-induced
peripheral neuropathy [11].

As these peripheral mechanisms evolve, central
sensitization emerges as a key contributor to
chronic pain. This process is characterized by
increased excitability of neurons in the spinal
dorsal horn, resulting in amplified pain
transmission. Synaptic plasticity and altered
neurotransmission, particularly involving N-
methyl-D-aspartate receptors (NMDARSs), are
central to this phenomenon [12]. Furthermore,
voltage-gated calcium channels, especially those
containing the a28-1 subunit, facilitate abnormal
excitatory synaptic activity, thereby promoting
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mechanical hypersensitivity and persistent pain
signaling [13].

lon channels more broadly play a fundamental
role in the pathophysiology of neuropathic pain,
as voltage-gated sodium and calcium channels
regulate neuronal excitability and nociceptive
transmission. Among these, the a23-1 subunit of
calcium channels has been identified as a key
modulator of enhanced synaptic transmission,
while T-type calcium channels such as Cav3.2
contribute to both peripheral and central
mechanisms involved in the initiation and
maintenance of pain [13, 14].

Neurotransmitter imbalance represents another
critical dimension in neuropathic pain. Increased
excitatory signaling mediated by glutamate,
particularly through NMDAR activation, is
coupled with reduced inhibitory control due to
GABAergic dysfunction, leading to a net
increase in neuronal excitability [12, 14].
Additionally, monoaminergic systems involving
serotonin and norepinephrine contribute to the
modulation of pain pathways, while interactions
between neurotransmitters and ion channels,
such as TRPV1, further influence nociceptive
signaling [13].

This imbalance between excitation and inhibition
is further compounded by disinhibition and
maladaptive plasticity within the spinal cord and
higher neural structures. Reduced GABAergic
activity results in diminished inhibitory control,
allowing for persistent amplification of pain
signals [10]. Concurrently, maladaptive plasticity
leads to structural and functional reorganization
of both spinal and cortical circuits following
nerve injury, reinforcing the chronicity of pain
[15].

At the cortical level, reorganization of sensory
representations plays a pivotal role in sustaining
neuropathic pain. Alterations in corticospinal
circuits and their regulatory influence on spinal
interneurons contribute to persistent
dysregulation of pain processing [15]. Moreover,

the maintenance of neuropathic pain is supported
by ongoing structural plasticity and abnormal
connectivity across both peripheral and central
nervous systems, highlighting the complex and
multifactorial nature of this condition [9].

Clinical
Approach

Classification and Diagnostic

Neuropathic pain is broadly classified into
peripheral and central types based on the
anatomical location of the lesion within the
somatosensory system. Peripheral neuropathic
pain arises from damage to the peripheral
nervous system and is commonly associated with
conditions such as diabetic neuropathy and
chemotherapy-induced  neuropathy. Diabetic
neuropathy, which may affect up to half of
patients with diabetes, represents one of the most
prevalent causes, with neuropathic pain present
in approximately 30-40% of cases [2, 16].
Similarly, chemotherapy-induced neuropathy
results from the neurotoxic effects of
antineoplastic agents, leading to structural and
functional damage to peripheral nerves [17]. In
contrast, central neuropathic pain results from
lesions or diseases affecting the central nervous
system, including conditions such as spinal cord
injury and multiple sclerosis, where disruption of
central pain pathways plays a key role in
symptom generation [2].

Within this classification, several etiologies are
frequently encountered in clinical practice.
Diabetic neuropathy remains a leading cause,
affecting both type 1 and type 2 diabetes
populations and contributing substantially to the
global burden of neuropathic pain [16].
Postherpetic neuralgia, a complication following
herpes zoster infection, is characterized by
persistent pain that continues even after the
resolution of the cutaneous rash. Radiculopathy,
often secondary to nerve root compression from
intervertebral disc herniation, produces pain that
radiates along the affected nerve distribution.
Additionally, chemotherapy-induced neuropathy
and spinal cord injury further exemplify
peripheral and central mechanisms, respectively,
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highlighting the diversity of underlying causes
[2,17].

Clinically, neuropathic pain presents with a
characteristic symptom profile that includes both
spontaneous and evoked components.
Spontaneous pain typically manifests as burning,
shooting, or electric-like sensations that occur in
the absence of external stimuli, reflecting
ongoing abnormal neural activity [18]. In
contrast, evoked pain is triggered by stimuli that
are normally non-painful, such as light touch or
temperature changes, a phenomenon that
underscores the presence of allodynia and
heightened sensory responsiveness [2]. These
symptom patterns are often described by patients
using distinctive qualitative descriptors, such as
burning or electric sensations, which aid in
differentiating neuropathic pain from nociceptive
pain [18].

Accurate diagnosis relies on a combination of
clinical evaluation and validated diagnostic tools.
Screening questionnaires such as DN4, LANSS,
and painDETECT provide structured approaches
for identifying neuropathic pain and are widely
recommended in clinical practice. These tools are
complemented by a thorough neurological
examination, including sensory mapping, which
is essential for detecting deficits and correlating
symptom distribution with underlying neural
structures [2]. In addition to clinical assessment,
complementary studies play an important role in
confirming the diagnosis and identifying
underlying causes. Electrophysiological studies
are particularly useful for demonstrating nerve
damage and assessing the severity and extent of
neuropathy [16]. Imaging modalities, on the
other hand, can help identify structural
abnormalities such as nerve compression or
central lesions, thereby providing further insight
into the etiology of neuropathic pain [19].

General Principles of Pharmacological
Management

The management of neuropathic pain is guided
by clearly defined therapeutic goals that extend

beyond simple analgesia. The primary objective
is pain reduction to a level that allows patients to
maintain daily functioning and participate in
routine activities [1, 20]. In parallel, improving
functional capacity is essential, as neuropathic
pain frequently limits mobility and independence
in daily tasks. Equally important is the
enhancement of quality of life, which requires
addressing not only pain intensity but also
associated symptoms such as sleep disturbances
and mood disorders, both of which significantly
contribute to overall patient burden [18].

To achieve these goals, treatment is typically
structured using a stepwise, guideline-based
approach. First-line therapies include
gabapentinoids such as gabapentin and
pregabalin, as well as tricyclic antidepressants
and serotonin—norepinephrine reuptake
inhibitors, all of which target key mechanisms
involved in neuropathic pain processing. When
these initial strategies fail or are not well
tolerated, second-line therapies may be
considered, particularly topical agents such as
capsaicin or lidocaine patches, which are
especially useful in cases of localized pain [5,
18]. In more refractory cases, third-line options
are  introduced, including opioids or
interventional ~ procedures, although these
approaches are generally reserved due to
concerns regarding safety and long-term efficacy
[17].

Given the multifactorial nature of neuropathic
pain, multimodal analgesia has emerged as an
important therapeutic strategy. The use of
combination  therapy, involving  multiple
pharmacological ~ agents  with  different
mechanisms of action, may enhance analgesic
effects while potentially reducing dose-related
adverse events, although evidence supporting
clear superiority over monotherapy remains
limited [21]. In addition to pharmacological
interventions, non-pharmacological approaches
such as neurostimulation techniques and physical
therapy can serve as Vvaluable adjuncts,
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contributing to a more comprehensive and
integrated management plan [1].

A key component of effective management is the
individualization of treatment based on patient-
specific  factors.  Personalized therapeutic
strategies take into account underlying
comorbidities, such as diabetes or cancer, as well
as potential drug interactions and tolerability
profiles, thereby optimizing both safety and
efficacy [17, 22]. Furthermore, phenotypic
profiling, which involves a detailed assessment
of clinical characteristics and symptom patterns,
can help guide more targeted and mechanism-
based treatment selection [1].

Neuropathic pain often requires long-term
management, making regular follow-up and
reassessment essential components of care.
Treatment plans should be continuously adjusted
based on therapeutic response and the emergence
of adverse effects [20]. Ongoing monitoring of
pain intensity, functional status, and quality of
life is necessary to ensure that treatment
objectives are being achieved and maintained
over time [22].

Despite these structured approaches, significant
limitations persist, particularly with the use of
monotherapy. Many patients fail to achieve
adequate pain relief with a single agent due to the
complex and  multifaceted  mechanisms
underlying neuropathic pain [22]. Additionally,
the doses required to achieve meaningful
analgesia are often associated with dose-limiting
side effects, which can compromise adherence
and tolerability [5]. A subset of patients remains
refractory to standard treatments altogether,
highlighting the need for alternative and more
individualized therapeutic strategies [23].

Anesthetic Agents in Neuropathic Pain
Management

Local anesthetics represent an important
component in the management of neuropathic
pain due to their ability to directly modulate
neuronal excitability. Their primary mechanism

of action involves the blockade of voltage-gated
sodium channels, which are essential for the
initiation and propagation of action potentials in
neurons. By inhibiting these channels, agents
such as lidocaine reduce abnormal neuronal
firing and attenuate pain transmission [24].

Among these agents, topical lidocaine has gained
widespread clinical use, particularly in localized
neuropathic pain conditions. Lidocaine patches
are approved for the treatment of post-herpetic
neuralgia and have demonstrated efficacy in
other conditions such as diabetic peripheral
neuropathy, carpal tunnel syndrome, and chronic
lower back pain [25]. Evidence from meta-
analyses indicates that topical lidocaine can
significantly reduce pain intensity in post-
surgical neuropathic pain without increasing the
incidence of adverse events [26]. Additionally, in
the context of cancer-related neuropathic pain,
lidocaine patches have shown effectiveness in
reducing pain intensity, even when used in
combination with opioid therapy, highlighting
their value as an adjunctive treatment option
[27].

In more complex or refractory cases, intravenous
lidocaine infusions have been explored as a
systemic therapeutic option. These infusions
have been used in chronic neuropathic pain
conditions, including spinal cord injury and
diabetic neuropathy. However, the available
evidence regarding their efficacy remains
heterogeneous, and further large-scale studies are
required to establish clear clinical
recommendations [28]. Beyond chronic pain

management, intravenous lidocaine has also
demonstrated benefits in the perioperative
setting, where it contributes to reduced
postoperative pain, decreased opioid

requirements, and enhanced recovery, facilitating
earlier discharge in surgical patients [29].

Regional anesthesia techniques further expand
the role of local anesthetics by enabling targeted
delivery to specific neural structures. Peripheral
nerve blocks and sympathetic blocks allow for
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localized pain control and are particularly useful
in conditions such as complex regional pain
syndrome and other forms of focal neuropathic
pain. These approaches provide the advantage of
site-specific  analgesia ~ while  minimizing
systemic exposure and associated adverse effects
[30].

In addition to local anesthetics, systemic
anesthetic agents such as ketamine play a
significant role in the management of refractory
neuropathic pain. Ketamine exerts its effects
primarily through antagonism of N-methyl-D-
aspartate receptors, which are critically involved
in central sensitization, a key mechanism
underlying persistent neuropathic pain. This
pharmacological action allows ketamine to
reduce exaggerated central pain signaling and
provide analgesia in patients who have not
responded to conventional therapies. However,
its clinical use is limited by the potential for
adverse effects, necessitating careful patient
selection and monitoring [24].

Recent advances have also focused on the
development of emerging anesthetic-related
therapies, particularly extended-release drug
delivery systems. These formulations are
designed to prolong the duration of analgesia and
reduce the need for repeated dosing, thereby
improving treatment adherence and patient
convenience. Collectively, these strategies
highlight the expanding role of anesthetic agents
in the multimodal management of neuropathic
pain, particularly in patients with refractory or
localized conditions [30].

Neuromodulatory
Agents

Pharmacological

Antidepressants  constitute a  fundamental
component in the pharmacological management
of neuropathic pain due to their modulatory
effects on central pain pathways and
neurotransmitter systems. Tricyclic
antidepressants, particularly amitriptyline and
nortriptyline, have demonstrated significant
efficacy in reducing neuropathic pain. Their

mechanism of action is primarily based on the
inhibition of norepinephrine and serotonin
reuptake, leading to increased extracellular
concentrations of these neurotransmitters. This
effect is mediated through al- and o2-adrenergic
receptors, which contribute to the inhibition of
glutamatergic input at the level of the spinal
dorsal horn, thereby reducing excitatory pain
transmission [31]. Among this class, nortriptyline
has shown consistent effectiveness in decreasing
pain severity across various chronic pain
conditions; however, its efficacy does not appear
to be superior to placebo in certain conditions
such as fibromyalgia and osteoarthritis [32].

In parallel, serotonin—norepinephrine reuptake
inhibitors represent another key class of
antidepressants with established utility in
neuropathic pain. Duloxetine, in particular, is
consistently identified as one of the most
effective agents for chronic pain management,
providing moderate analgesic benefit while also
improving quality of life [33]. Its efficacy at
standard therapeutic doses, combined with a
relatively favorable safety profile, has positioned
it as a preferred option in many clinical
guidelines. Nevertheless, limitations remain,
particularly regarding the availability of long-
term data on sustained efficacy and safety [31].

Alongside antidepressants, anticonvulsants play a
central role in the treatment of neuropathic pain,

largely through their effects on neuronal
excitability = and  synaptic  transmission.
Gabapentinoids, including gabapentin  and

pregabalin, exert their therapeutic effects by
modulating voltage-gated calcium channels,
thereby reducing excitatory neurotransmitter
release and attenuating nociceptive signaling.
These agents are widely recommended as first-
line therapies; however, their overall efficacy is
often modest, and their use may be constrained
by dose-dependent adverse effects. In addition to
gabapentinoids, sodium channel blockers such as
carbamazepine  and oxcarbazepine  are
particularly effective in specific neuropathic
conditions, most notably trigeminal neuralgia,
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where their targeted mechanism provides
substantial symptom relief. Despite their
efficacy, these agents require careful monitoring
due to potential side effects and safety concerns

[5].

Recent advances in the understanding of
neuropathic pain mechanisms have driven the
development of ion channel modulators and
novel therapeutic agents. Targeted sodium
channel inhibitors represent an emerging area of
interest, focusing on specific channel subtypes to
enhance selectivity and minimize off-target
effects. These agents aim to improve the
therapeutic index compared to traditional sodium
channel blockers and are currently under
investigation. In parallel, the identification of
new molecular targets has facilitated the
exploration of innovative pharmacological
strategies, offering promising directions for the
development of non-opioid treatments and more
effective long-term management of neuropathic
pain [23].

Adjuvant and Alternative
Pharmacological Therapies

Opioids occupy a limited role in the management
of neuropathic pain due to concerns regarding
their modest efficacy and significant risk profile.
They are generally not considered first-line
therapies, as their use is associated with adverse
effects such as tolerance, dependence, and
potential for addiction. In selected cases, agents
with dual mechanisms of action, such as
tramadol and tapentadol, may provide some
benefit by combining opioid receptor agonism
with additional modulation of monoaminergic
pathways. However, despite this
pharmacological advantage, these medications
still carry risks related to dependence and side
effects, which restrict their long-term use and
necessitate careful patient selection and
monitoring [21].

In contrast, topical therapies have emerged as
valuable alternatives, particularly for localized
neuropathic pain. High-concentration capsaicin

patches have gained increasing attention due to
their ability to directly target peripheral
sensitization mechanisms at the site of pain. By
acting on nociceptive fibers, these treatments
reduce  peripheral  hyperexcitability  and
contribute to sustained analgesia. Clinical
evidence supports their efficacy in conditions
such as post-surgical neuropathic pain, and they
are generally well tolerated, offering an
advantage over systemic therapies that are often
associated with broader adverse effects [34, 35].

Cannabinoids  represent  another  evolving
therapeutic option, with growing interest in their
role in neuropathic pain management. These
agents exert their effects through modulation of
the endocannabinoid system, influencing pain
processing at peripheral, spinal, and supraspinal
levels [36]. Clinical data suggest that cannabis-
based medicinal products, particularly those with
balanced tetrahydrocannabinol and cannabidiol
compositions, may offer a favorable balance
between efficacy and safety when compared to
traditional pharmacological treatments [37, 38].
Additionally, intrathecal administration of
tetrahydrocannabinol and cannabidiol has
demonstrated synergistic effects in reducing
allodynia without significant adverse events,
highlighting their potential as a targeted and
well-tolerated therapeutic approach [39].

Botulinum toxin type A has also emerged as a
promising option in the treatment of peripheral
neuropathic pain. Its mechanism involves the
modulation of neurotransmitter release at
peripheral nerve terminals, which contributes to
the reduction of peripheral sensitization and
nociceptive signaling. Clinical studies have
supported its efficacy in various neuropathic pain
conditions, particularly when conventional
therapies have proven insufficient [34].

Given the complexity of neuropathic pain,
combination  pharmacotherapy  has  been
increasingly explored as a strategy to enhance
treatment outcomes. Regimens combining agents
such as pregabalin with amitriptyline or
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duloxetine aim to target multiple
pathophysiological mechanisms simultaneously,
potentially improving analgesic efficacy while
allowing for lower individual drug doses and
reduced side effects. Evidence from clinical
trials, including the OPTION-DM study,
indicates that combination therapies can provide
additional pain relief in patients who exhibit
partial responses to monotherapy. However, no
single combination has demonstrated clear
superiority in terms of cost-effectiveness or
overall patient outcomes, underscoring the need
for individualized treatment approaches based on
patient characteristics and response profiles [37].
and

Safety Profile, Adverse Effects,

Special Populations

The pharmacological management of
neuropathic pain is frequently limited by the
occurrence of adverse effects, which vary
according to the drug class and can significantly
influence treatment adherence and tolerability.
Gabapentinoids, including pregabalin  and
gabapentin, are commonly associated with
dizziness, somnolence, and peripheral edema. In
addition, pregabalin has been linked to euphoria,
raising concerns regarding its potential for

misuse and dependence [40, 41].
Antidepressants, such as duloxetine and
venlafaxine, may produce adverse effects

including nausea, dry mouth, and dizziness,
while tricyclic antidepressants are additionally
associated with anticholinergic effects such as
constipation and urinary retention [42]. Opioids,
including morphine and methadone, present a
well-established profile of adverse effects,
including constipation, nausea, sedation, and a
significant risk of dependency. Methadone,
although effective for pain control, requires
careful monitoring due to its complex
pharmacokinetics and potential for accumulation
[43]. Among newer agents, mirogabalin has
demonstrated efficacy in reducing pain and sleep
interference; however, it is also associated with
weight gain, somnolence, and dizziness [44].

In addition to class-specific adverse effects,
drug—drug interactions represent a major
concern, particularly in patients exposed to
polypharmacy. This is especially relevant in
older adults, where the combination of
gabapentinoids and opioids may lead to additive
sedative effects, increasing the risk of falls,
cognitive impairment, and overall morbidity [45,
46]. Furthermore, antidepressants may interact
with other serotonergic agents, increasing the
risk of serotonin syndrome, a potentially serious
condition that requires careful clinical vigilance
[42].

Special populations require  additional
considerations due to altered pharmacokinetics
and pharmacodynamics. Elderly patients are
particularly vulnerable to adverse effects, as age-
related physiological changes can affect drug
metabolism and excretion. In this population, it is
recommended to initiate treatment at the lowest
effective dose and titrate gradually to minimize
the risk of toxicity. Similarly, in patients with
renal or hepatic impairment, dose adjustments
are essential, particularly for medications such as
gabapentinoids and opioids, which rely on these
organ systems for metabolism and elimination
[45, 46].

Psychiatric comorbidities further complicate
pharmacological management, as certain agents
may  exacerbate  underlying  conditions.
Pregabalin, for instance, has been associated with
increased reports of suicidality and psychotic
symptoms, underscoring the need for careful
monitoring in vulnerable populations.
Additionally, the risk of dependency and misuse
remains a critical consideration, particularly with
opioids, which carry a well-documented potential
for addiction, especially with prolonged use.
Gabapentinoids, and pregabalin in particular,
have also demonstrated potential for misuse,
although the extent of their addictive properties
remains under investigation [41, 42].

Given these complexities, ongoing monitoring
and individualized dose adjustments are essential
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components of safe and effective treatment.
Regular assessment of pain control, functional
outcomes, and adverse effects allows for timely
optimization of therapy. Dose modifications
should be guided by both efficacy and
tolerability, with careful consideration of organ
function and  potential  pharmacological
interactions, ensuring a balanced approach
between therapeutic benefit and safety [21, 45].

Evidence-Based Recommendations and
Future Directions

The management of neuropathic pain is guided
by several international organizations that
provide structured frameworks for diagnosis and
treatment. The International Association for the
Study of Pain emphasizes a standardized
definition and classification of neuropathic pain,
which facilitates consistency in both clinical

research and therapeutic approaches [1].
Complementarily, the National Institute for
Health  and Care  Excellence  offers
comprehensive  guidelines  that  integrate
pharmacological and  non-pharmacological

strategies, with a strong emphasis on
individualized patient care [17]. Similarly, the
European Federation of Neurological Societies
recommends specific first-line pharmacological
treatments while also underscoring the need for
continued research to develop more effective
therapies with improved safety profiles [5].

Within these frameworks, the development of
therapeutic recommendations relies heavily on
structured evidence grading systems. The
GRADE methodology is commonly used to
evaluate the quality and strength of available
evidence, thereby supporting the formulation of
clinical guidelines and treatment algorithms [47].
These therapeutic algorithms generally follow a
stepwise approach, beginning with first-line
pharmacological agents and progressing to
second-line options such as topical treatments or
opioids when necessary. In more refractory
cases, non-pharmacological interventions,
including neuromodulation techniques, are

incorporated as part of a comprehensive
management strategy [3, 8].

Despite these advances, significant limitations
persist within the current literature. One of the
principal challenges is the marked heterogeneity
of neuropathic pain, as variations in etiology,
pathophysiology, and clinical presentation
complicate the generalization of study findings
and the development of universally effective
treatments [48]. Additionally, the lack of
objective diagnostic tools remains a critical
barrier, as current assessments rely heavily on
clinical  evaluation and  patient-reported
outcomes, which may introduce variability and
diagnostic uncertainty [5]. Furthermore, the
overall efficacy of existing pharmacological
treatments is often modest, and their use is
frequently  limited by adverse effects,
highlighting the need for more effective and
better-tolerated therapeutic options [20].

In response to these challenges, emerging
therapies are increasingly focused on precision
medicine approaches that aim to tailor treatment
based on individual patient characteristics.
Advances in the understanding of genetic and
molecular mechanisms underlying neuropathic
pain are facilitating the development of more
personalized therapeutic strategies. In particular,
research into microRNA regulation and transient
receptor potential channels has identified
potential targets for more specific and effective
interventions [48]. In parallel, therapies targeting
specific ion channels involved in nociceptive
signaling are under investigation, with the goal
of improving analgesic efficacy while
minimizing off-target effects [5].

The integration of these pharmacological
advances with interventional neuromodulation
techniques represents another important area of
development. Techniques such as spinal cord
stimulation and transcranial magnetic stimulation
are being refined to enhance personalization and
therapeutic outcomes in patients with refractory
neuropathic pain [8, 49]. Additionally, non-

Page 88



Gabriel Mufioz Jackson, Ivonne Consumi Flores, Maria José Solis Marin, Alexandra Mora Quirds, Isis Karolina Vega Vega,
Mariana Bolafios Castro. Neuropathic Pain: Pharmacological Management with Emphasis on Anesthetic Agents and
Neuromodulatory Therapies. Int. Arch. Integr. Med., 2026; 13(4): 78-93.

invasive approaches, including transcranial direct
current stimulation, have shown promising
results, although further research is required to
establish standardized protocols and confirm
long-term efficacy [47].

Future research priorities are centered on
addressing current methodological and clinical
gaps. There is a clear need for the standardization
of methodologies in clinical trials to improve the
reliability and comparability of evidence.
Moreover, greater emphasis should be placed on
evaluating the long-term efficacy and safety of
emerging therapies, including biologic agents
and neuromodulation techniques, to ensure their
sustained clinical applicability [50]. Finally, the
integration of multimodal treatment strategies
that combine pharmacological and non-
pharmacological approaches is expected to
enhance therapeutic outcomes and provide more
comprehensive management of neuropathic pain

[1].

Conclusions

diagnostic tools, and the integration of emerging
targeted and neuromodulatory interventions.
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