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Abstract

The purpose of this narrative review is to provide a clinic-ready synthesis of contemporary concepts in peripheral neuropathy, span-
ning epidemiology, diagnosis, and treatment, with emphasis on high-yield advances applicable to daily practice. The authors integrate
pragmatic tools—including a diagnostic algorithm, suggested initial laboratory panels, and commonly used outcome measures—to sup-
port clinical decision-making. However, this review is intended as a clinic-oriented synthesis rather than a formal practice guideline.
Peripheral neuropathy can be systematically categorized into seven pathophysiologic phenotypes—(1) distal “dying-back” axonopa-
thy, (2) neuronopathy (ganglionopathy), (3) demyelinating neuropathies, (4) small-fiber neuropathy, (5) autonomic neuropathy, (6) is-
chemic/infiltrative/inflammatory axonopathies, and (7) focal compressive/entrapment neuropathies. An organized evaluation and man-
agement around this phenotype-first structure, combined with a structured stepwise escalation algorithm (from bedside pattern recogni-
tion to targeted laboratory testing, electrodiagnostics, selective imaging, small-fiber assessment, and immune work-up when indicated),
bridges fragmented evidence into a clinic-ready decision-support framework that improves diagnostic precision, rational test utilization,
and therapeutic alignment. Beyond optimizing pharmacologic care, neuromodulation may expand options in carefully selected patients.
For painful diabetic peripheral neuropathy (DPN), high‑frequency (10 kHz) spinal cord stimulation (SCS) has been evaluated in random-
ized comparative studies against optimized medical management and has been associated with sustained pain reduction and functional
improvement through 24 months in follow‑up reports, supporting consideration in medication‑refractory cases where access and patient
factors permit. Ultrasound ‑guided pulsed radiofrequency (PRF)—a nondestructive, field‑based neuromodulation that limits tip temper-
ature to<42 °C—has been studied in small randomized trials and observational cohorts for focal entrapment‑type neuropathic pain after
positive diagnostic blocks; reported benefits are generally short‑ to mid‑term with heterogeneous protocols, so certainty varies by in-
dication. For hereditary transthyretin amyloid polyneuropathy (ATTRv), disease‑modifying approaches—including nucleic acid–based
therapies—are increasingly integrated into contemporary care. Overall, these developments support earlier pattern recognition, more
precise phenotyping, and rational escalation while using standardized outcome measures to track response.

Keywords: peripheral nervous system diseases; diabetic neuropathies; small-fiber neuropathy; ultrasonography; electromyography;
nerve conduction studies; electric stimulation therapy

1. Introduction
Peripheral neuropathy is common worldwide, with

an estimated general-population prevalence of about 1–3%
that rises to roughly 7–8% in older adults [1]. In the United
States, monofilament-based estimates suggest that among
adults ≥40 years, overall prevalence is ~13–14%, includ-
ing 28% in those with diabetes and ~12% in those without
(≈18.6 million adults in 2010) [1,2]. In Japan, contempo-
rary registry data in type 2 diabetes show diabetic symmet-
ric sensorimotor polyneuropathy in ~36% of patients, un-
derscoring the substantial burden in clinical practice. Glob-
ally, diabetic peripheral neuropathy (DPN) remains one of
the most frequent diabetes complications, with prevalence
varying by population, duration of diabetes, and diagnos-

tic method, often ranging from ~6% to >40% in clinical
and epidemiologic studies [2]. These figures justify a prag-
matic, stepwise diagnostic approach and early risk-factor
modification in primary and specialty care [1,2].

“Peripheral neuropathy” spans hundreds of etiologies
and diverse phenotypes (large- vs small-fiber, axonal vs de-
myelinating, length-dependent vs non–length-dependent),
complicating front-line recognition without a unifying,
phenotype-first framework [1,2]. Up-to-date summaries for
distal sensory polyneuropathies further highlight these di-
agnostic nuances [3].

Peripheral neuropathy persistently impairs func-
tion and quality of life through pain, paresthesia,
weakness, and autonomic symptoms, and is linked to
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falls, foot ulcers, work and caregiving burden, and
increased healthcare utilization [1,2]. Etiologies span
metabolic (diabetes/dysglycemia), immune-mediated,
genetic, toxic/drug-induced, ischemic/vasculitic and
infiltrative (e.g., amyloidosis) processes, and focal com-
pressive/entrapment disorders, while the underlying
pathophysiology maps to distal “dying-back” axonopathy,
neuronopathy (ganglionopathy), segmental demyelination,
small-fiber and autonomic involvement, and mixed focal
versus diffuse patterns [1–3]. This heterogeneity often
delays diagnosis and treatment, underscoring the need for
structured evaluation pathways and therapeutic choices
grounded in contemporary evidence [1,2].

Clinicians need a concise, phenotype-first synthesis
that links epidemiology with a pragmatic, stepwise diag-
nostic pathway and an updated treatment armamentarium,
including when and how to escalate from core labs and
electrodiagnostic studies (EDX; nerve conduction studies
[NCS] and electromyography [EMG]) to ultrasound (US)
or magnetic resonance neurography (MRN), and when to
consider neuromodulation or disease-modifying therapies.

In this review, we harmonize dispersed guidance,
highlight high-yield advances (e.g., small-fiber/autonomic
testing and corneal confocal microscopy), and supply a
practical tool to support this knowledge gap in decision-
making. We emphasize a phenotype-driven workflow and
integrate clinic‑facing tools (Fig. 1; Tables 1,2) as a flexible
framework. We also highlight recent practice‑relevant ad-
vances in imaging (high‑resolution nerve US and MRN),
small‑fiber biomarkers, and selected device‑based thera-
pies, while explicitly grading the certainty of evidence and
distinguishing established recommendations from investi-
gational domains.

Although this narrative review synthesizes clinically
actionable concepts across major neuropathy phenotypes,
it does not constitute a formal clinical practice guideline.

Objectives of this narrative review are : (1) to present
a phenotype‑first approach that helps clinicians localize
and classify neuropathy at the bedside; (2) to summa-
rize a practical, stepwise diagnostic pathway—including
when to escalate from core laboratory testing and EDX to
US/MRN and small‑fiber evaluation; (3) to provide an ev-
idence‑anchored overview of contemporary management
options across major etiologies, with clear boundaries be-
tween guideline‑based care and emerging interventions.

Intended audience:
While the framework is designed to be accessible and

practical for general medical professionals, particular em-
phasis is placed on neurology and pain medicine practition-
ers, for whom detailed diagnostic escalation and interven-
tional considerations may be especially relevant.

What is New in this review: This review is the integra-
tion of a phenotype-first approach with a structured, step-
wise diagnostic escalation algorithm that translates frag-
mented evidence into a practical, clinic-ready workflow.

Unlike traditional etiology-based summaries, this review
systematically links bedside pattern recognition to targeted
laboratory testing, electrodiagnostics, selective use of high-
resolution US and MRN, small-fiber assessment (includ-
ing corneal confocal microscopy), and nodal/paranodal an-
tibody evaluation when indicated. It also aligns contempo-
rary therapeutic options—guideline-based pharmacother-
apy, image-guided interventions, and neuromodulation—
within the same framework, explicitly distinguishing estab-
lished evidence from emerging domains.

2. Method
This is a narrative (non‑systematic) review formed by

targeted searches of PubMed/MEDLINE (https://pubmed
.ncbi.nlm.nih.gov/), supplemented by citation tracking in
Google Scholar (https://scholar.google.com/). We focused
primarily on 2010–2025 to capture contemporary diagnos-
tic technologies (US/MRN), biomarkers, and device‑based
therapies, while also incorporating landmark pre‑2010 ev-
idence when it emphasizes current standards (typically via
major guidelines/consensus statements or high‑quality syn-
theses). Article selection was purpose‑driven: we priori-
tized (i) current professional‑society guidelines/consensus
statements for screening and management statements,
(ii) systematic reviews/meta‑analyses and randomized tri-
als for practice‑facing interventions, and (iii) representa-
tive observational studies and authoritative reviews when
higher‑level evidence was limited. We excluded single case
reports and purely preclinical studies from practice recom-
mendations (they are discussed only as mechanistic or in-
vestigational context). Our targeted searches returned sev-
eral hundred records. After title/abstract screening and pri-
oritization, we reviewed ~100 full texts; 60 key sources
were ultimately cited. When evidence was conflicting, we
favored higher‑quality designs, consistency across studies,
and alignment with guideline positions, and we explicitly
qualify certainty where data remain heterogeneous.

3. Classification & Pathophysiology
Peripheral neuropathies can be organized into

seven pathophysiologic categories that map directly
to clinical presentation and testing strategy: (1) distal
“dying-back” axonopathy, (2) neuronopathy (gan-
glionopathy), (3) demyelinating neuropathies, (4)
small-fiber neuropathy, (5) autonomic neuropathy,
(6) ischemic/infiltrative/inflammatory axonopathies, and
(7) focal compressive/entrapment neuropathies.

This classification is used to guide a phenotype-first
diagnostic strategy and escalation of testing.

3.1 Axonal Degeneration (Distal “Dying‑back”
Axonopathy)

Distal symmetric polyneuropathy (DSP) is most of-
ten explained by length-dependent metabolic or toxic ax-
onal injury, with typical Wallerian and distal axonopa-
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Fig. 1. Pragmatic diagnostic algorithm for peripheral neuropathy. A stepwise pathway from history and focused neurologic exami-
nation to pattern recognition (length-dependent vs non–length-dependent; small- vs large-fiber), core laboratory testing (glucose/HbA1c,
B12 ± MMA, TSH, renal and hepatic panels, SPEP/IFE), and electrodiagnostics (NCS/EMG) to define demyelinating vs axonal phys-
iology. Conditional branches prompt small-fiber testing (QST, skin biopsy for IENFD, CCM) and targeted imaging (nerve US for
entrapment/structural questions; MRN for deep nerves, plexus, tumor, or long-segment trauma). Decision points highlight when to sus-
pect CIDP/AN, entrapment neuropathies, or broader metabolic/toxic/immune etiologies. Abbreviations: EDX, electrodiagnostic studies
(nerve conduction studies [NCS] and electromyography [EMG]); QST, quantitative sensory testing; IENFD, intraepidermal nerve fiber
density; CCM, corneal confocal microscopy; US, ultrasound; MRN, magnetic resonance neurography; AN, autoimmune nodopathies;
CIDP, chronic inflammatory demyelinating polyneuropathy; MMA , methylmalonic acid.

thy patterns. Clinically, it presents as symmetric, length-
dependent sensory more than motor deficits, usually
chronic in course. Electrodiagnostic testing reveals reduced
compound muscle action potential (CMAP) and sensory
nerve action potential (SNAP) amplitudes with relatively
preserved conduction velocities and latencies. Common
causes include diabetes and other dysglycemic states, al-
cohol use, toxins and medications, nutritional deficiencies,
and renal or hepatic disease, though many cases remain id-
iopathic and axonal in nature [4].

3.2 Neuronopathy (Ganglionopathy) — Primary Neuronal
Cell‑Body Loss

Sensory neuronopathies arise from injury to the dorsal
root ganglion, or less commonly the anterior horn cell, and
differ from typical peripheral neuropathies by their non–
length-dependent and often asymmetric distribution. Clin-
ically, they present with sensory loss and marked sensory
ataxia while motor strength is relatively preserved early
in the disease course. Electrodiagnostic studies show dif-

fusely reduced or absent sensory responses with relatively
preserved motor conduction. These disorders are most of-
ten associated with autoimmune conditions such as Sjögren
syndrome, paraneoplastic syndromes, and certain toxins in-
cluding platinum-based chemotherapeutic agents [5].

3.3 Demyelinating Neuropathies (Segmental
Demyelination)

Demyelinating neuropathies are caused by injury to
the myelin sheath, resulting in conduction slowing and
block, and may occur as acquired immune-mediated or
hereditary disorders. They typically present with proximal
and distal weakness and areflexia, with a tempo that ranges
from acute onset, as in Guillain–Barré syndrome, to chronic
progression, as seen in chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP). Electrodiagnostic studies
reveal slowed conduction velocities, prolonged distal laten-
cies, temporal dispersion, conduction block, and abnormal
or absent F-waves. Etiologies include the CIDP spectrum
and other immune-mediated neuropathies, paraproteinemic
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Table 1. Initial laboratory panel and triggers for extended work-up.
Tier Items Notes

Initial (all) Glucose/HbA1c; B12 (± MMA); TSH; renal &
liver function; SPEP/IFE

Covers common reversible causes

Conditional/extended OGTT; autoimmune panel; HIV/HBV/HCV; fo-
late; copper; genetic tests (as indicated)

Selected based on history/exam and basic
results

When to escalate Rapid progression; asymmetry; prominent motor
deficits; systemic red flags

Consider imaging, CSF, nerve US/biopsy
in select cases

Core tests used at presentation (e.g., glucose/HbA1c ± OGTT, vitamin B12 ± MMA, TSH, renal and hepatic panels,
SPEP/IFE) and clinical features that trigger escalation (e.g., rapid progression, marked asymmetry, prominent weight loss
or systemic signs, non—length-dependent distribution, severe autonomic involvement, or suspected immune/paraneoplastic
disease). The table is intended to align the minimal primary-care panel with timely specialist escalation.
Abbreviations: HbA1c, hemoglobin A1c; B12, vitamin B12; MMA, methylmalonic acid; TSH, thyroid-stimulating hor-
mone; SPEP/IFE, serum protein electrophoresis/immunofixation electrophoresis; OGTT, oral glucose tolerance test; HIV,
human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus; CSF, cerebrospinal fluid; US, ultrasound.

forms, and hereditary demyelinating conditions such as
Charcot–Marie–Tooth type 1. This category includes both
acquired demyelinating neuropathies and hereditary de-
myelinating neuropathies (e.g., Charcot–Marie–Tooth dis-
ease [CMT], hereditary neuropathy with liability to pres-
sure palsies [HNPP]) [6].

3.4 Small-Fiber Neuropathy (Small Myelinated A-δ and
Unmyelinated C Fibers)

Small-fiber neuropathy arises from selective injury to
nociceptive and autonomic fibers, producing a clinical pat-
tern dominated by burning pain, allodynia, thermal dyses-
thesias, and frequent autonomic symptoms, while examina-
tion and standard nerve conduction studies may remain nor-
mal. Diagnosis relies on specialized testing, most notably
skin biopsy to assess intraepidermal nerve fiber density and
autonomic evaluations such as the quantitative sudomotor
axon reflex test (QSART) or heart rate variability. Com-
mon etiologies include dysglycemia and diabetes, amyloi-
dosis, sarcoidosis, Sjögren syndrome, various toxins, and
idiopathic causes [7].

3.5 Autonomic Neuropathy
Autonomic neuropathy involves injury to sympathetic

and parasympathetic fibers, often overlapping with small-
fiber disease, and is characterized clinically by ortho-
static hypotension, gastrointestinal dysmotility, genitouri-
nary dysfunction, and sudomotor abnormalities, with dia-
betes frequently amplifying morbidity. Diagnosis relies on
standardized autonomic function testing performed in con-
junction with somatic nerve assessments. The most rec-
ognized context is diabetic cardiovascular autonomic neu-
ropathy, along with other diabetic autonomic syndromes
[8].

3.6 Ischemic/Infiltrative/Inflammatory Axonopathies
(Mixed Mechanisms)

Vasculitic neuropathy results from ischemic infarction
of the vasa nervorum and typically presents as a subacute,
painful, asymmetric mononeuropathy multiplex, where ur-
gent recognition and treatment can alter outcomes. Amy-
loid and other infiltrative neuropathies arise from extra-
cellular deposition, often producing a length-dependent
phenotype with prominent small-fiber and autonomic fea-
tures. Toxic–inflammatory neuropathies, such as those in-
duced by chemotherapy, usually manifest as axonal, length-
dependent sensorimotor involvement [9].

3.7 Focal Compressive/Entrapment Neuropathies
(Localized Demyelination ± Secondary Axonal Loss)

Entrapment neuropathies arise from mechanical com-
pression and ischemia at common entrapment sites, produc-
ing early demyelination with potential axonal loss if injury
is severe or prolonged. Clinically, they present with focal
territorial deficits, such as median neuropathy at the wrist,
and may coexist with systemic polyneuropathies, particu-
larly in the context of diabetes [10].

Overlap among neuropathic disorders is common, as
many conditions evolve to produce mixed axonal and de-
myelinating features over time, while autonomic and small-
fiber involvement frequently coexist and contribute to the
overall clinical presentation.

4. Diagnostic Algorithm
Diagnostic algorithm outlines a practical decision

pathway—progressing from initial assessment to ancillary
testing, imaging, small-fiber evaluation, and immune work-
up—to clarify what should be done, when, and why. The
process is guided by five core pillars: (1) early recogni-
tion of red flags; (2) structured pattern recognition (length-
dependent vs non–length-dependent, symmetric vs asym-
metric, small- vs large-fiber); (3) appropriate selection and
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Table 2. Common outcome measures in neuropathy (domains and typical use).
Measure Domain Typical use

NIS-LL/mNIS+7 Impairment Clinical trials; disease modification
R-ODS Disability/Function Daily function/Rasch-scaled
TNS/TNSr Composite severity CIPN; clinical monitoring
CNFD/CNBD/CNFL Small-fiber Early regeneration; 1–8 month sensitivity
IENFD (skin biopsy) Small-fiber Diagnosis/longitudinal change
NRS (or VAS); BPI Pain intensity, QoL Symptom tracking/responder analysis
QoL-DN QoL Diabetes-related neuropathy trials
SF-36/EQ-5D QoL Health utility/QALY inputs
6MWT/9HPT Performance Gross/hand function (selected cohorts)
This table collates validated instruments across key domains—impairment/disability (NIS-LL, mNIS+7,
R-ODS), composite severity (TNS/TNSr), small-fiber structure (CNFD/CNBD/CNFL), pain/symptoms
and quality of life (VAS/NRS, BPI, QoL-DN, SF-36, EQ-5D), and performance (6MWT, 9HPT)—
to standardize response tracking in clinical practice and trials. Typical use cases include disease-
modification readouts (NIS-LL/mNIS+7), functional follow-up (R-ODS), CIPN severity monitoring
(TNS/TNSr), early regeneration signals within 1–8 months (CCM), diagnosis and longitudinal small-
fiber change (IENFD), symptom and interference profiling (VAS/NRS; BPI), health-utility estimation for
cost-effectiveness (SF-36; EQ-5D), and gross/hand function testing in selected cohorts (6MWT; 9HPT).
Abbreviations: NIS-LL, Neuropathy Impairment Score – Lower Limbs; mNIS+7, modified Neuropa-
thy Impairment Score +7; R-ODS, Rasch-built Overall Disability Scale; TNS, Total Neuropathy Score;
TNSr, reduced Total Neuropathy Score; CNFD, Corneal Nerve Fiber Density; CNBD, Corneal Nerve
BranchDensity; CNFL, Corneal Nerve Fiber Length; IENFD, Intraepidermal Nerve Fiber Density; NRS,
Numerical Rating Scale; VAS, Visual Analogue Scale; BPI, Brief Pain Inventory; QoL-DN, Quality of
Life – Diabetic Neuropathy; SF-36, Short Form 36; EQ-5D, EuroQol 5-Dimension; 6MWT, 6-Minute
Walk Test; 9HPT, 9-Hole Peg Test; QoL, Quality of Life; QALY, Quality-Adjusted Life Year; CIPN,
Chemotherapy-Induced Peripheral Neuropathy.

sequencing of ancillary tests; (4) judicious use of imag-
ing and small-fiber diagnostic tools; and (5) vigilance for
immune-mediated etiologies, particularly nodal and paran-
odal antibody–associated disease (Fig. 1).

4.1 History & Examination

Symmetric, predominantly motor weakness that
evolves over ≤4 weeks with reduced/absent reflexes
may prompt consideration of Guillain–Barré syndrome
(GBS) and expedited decisions regarding intravenous im-
munoglobulin (IVIg) or plasma exchange (PE) [11]. Dys-
phagia, respiratory compromise, or rapidly evolving au-
tonomic instability warrants intensive care unit (ICU)-
level monitoring [11]. By contrast, a painful, asymmet-
ric mononeuritis multiplex–like picture with systemic in-
flammatory features should raise concern for vasculitis or
paraneoplastic disease and trigger early specialty referral
for electrodiagnostics, serology, and—when appropriate—
biopsy.

A symmetric, length-dependent, sensory-predominant
presentation points first to metabolic/toxic causes such
as DPN or chemotherapy-induced peripheral neuropathy
(CIPN) [12,13]. Non–length-dependent or multifocal pat-
terns raise the likelihood of immune-mediated neuropathies
(e.g., CIDP or autoimmune nodopathies), vasculitis, or
paraneoplastic etiologies [14]. A small-fiber–predominant

syndrome—burning pain with thermal/pinprick loss and
relatively preserved vibration—suggests early DPN, CIPN,
or amyloid and should prompt small-fiber testing [12,13].
Chronic (≥8 weeks) symmetric sensorimotor deficits with
reduced reflexes keep CIDP or nodopathy high on the list
[14].

Bedside screening remains valuable: thermal/pinprick
for small- fibers; 128-Hz tuning fork and joint-position
sense for large fibers; and 10-g monofilament for protective
sensation. For DPN, at least annual neuropathy assessment
is advised (type 2: from diagnosis; type 1: from 5 years
after onset) [12].

4.2 Labs & Electrodiagnostics

Clinicians are encouraged to ensure that laboratory
testing and electrodiagnostic studies are pattern-driven
rather than ordered as a “shotgun” panel. When DPN is
likely, prioritize optimization of metabolic control; when
immune disease is suspected, EDX and targeted inflamma-
tory/immune labs. In CIPN, document the drug history,
dose, and cumulative exposure [12,13].

EDX, including NCS and EMG, are pivotal to de-
fine (1) demyelinating vs axonal physiology; (2) length-
dependent vs non–length-dependent involvement; (3) the
presence of conduction block (CB) and temporal disper-
sion; and (4) anatomic localization. In CIDP, typical
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demyelinating features include prolonged distal latencies,
slowed conduction velocities, CB/temporal dispersion, and
prolonged F-waves, findings that directly inform treatment
decisions. In autoimmune nodopathies, watch for promi-
nent CB with little or no temporal dispersion, consistent
with reversible conduction failure at the node/paranode
[14]. CIPN most often shows a sensory-predominant ax-
onal pattern [13].

For carpal tunnel syndrome (CTS) as a focal confir-
mation scenario, a paired-accuracy meta-analysis indicates
similar diagnostic performance for nerve-muscle US and
EDX (sensitivity 86% vs 92%, specificity 79% vs 82%);
shared decision-making can weigh patient preference, cost,
and availability [15].

4.3 Imaging
US and MRN serve complementary roles; select-

ing the modality based on its specific strengths enhances
diagnostic yield. US is favored for superficial nerves,
small branches, dynamic compression, and metal-adjacent
regions (e.g., near postoperative hardware or devices).
It visualizes extrinsic compression, gliding impairment,
cysts/foreign bodies in real time, and is rapid, bedside-
capable, and cost-effective [16,17]. MRN is central for
deep nerves, brachial/lumbosacral plexus, tumors, and ex-
tensive trauma. When available, use higher field strength
and optimized 3D isotropic protocols with robust fat sup-
pression and suppression of intravascular signal to im-
prove conspicuity of nerve fascicles and perineural pathol-
ogy [18,19]. In the presence of metal, artifact mitigation
can include using lower field strength and metal artifact–
reduction techniques with appropriate bandwidth adjust-
ments [16,18].

Operationally, in entrapment neuropathies, start with
US to detect swelling/flattening, hyperemia, and dynamic
signs; add MRN when needed to map the full extent
and denervation changes [16,19]. In trauma/postoperative
settings, US is advantageous near sutures and hardware,
whereas MRN best captures the overall extent of plexus or
long-segment injuries [16,18]. For tumor/infiltration, MRN
depicts features of peripheral nerve sheath tumors (PNST)
(e.g., fascicular sign/target sign) and can suggest malig-
nancy (e.g., lower apparent diffusion coefficient (ADC));
consider fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) when appropriate [16].

4.4 Small-Fiber Assessment
When small-fiber–predominant involvement is sus-

pected (burning pain, thermal hypoalgesia, prominent
paresthesia with largely normal EDX), combine intraepi-
dermal nerve fiber density (IENFD) from skin biopsy (in-
vasive but standardized histologic metric), quantitative sen-
sory testing (QST) (functional but subject-dependent), and
corneal confocal microscopy (CCM) (noninvasive quanti-
tative imaging). Of these, CCM has shown early sensitivity

to regeneration, detecting significant increases in corneal
nerve fiber density (CNFD), corneal nerve fiber branch den-
sity (CNBD), and corneal nerve fiber length (CNFL) as
soon as 1–8 months after pharmacologic or surgical inter-
ventions, with effects sustained longer term—supporting
its role as a biomarker of early small-fiber recovery and a
bridge between trials and practice [20].

Mechanistic evidence suggests that hyper-
glycemia/metabolic stress can alter exosome release
and cargo (e.g., miRNA/protein/lipid profiles), thereby
amplifying neuroinflammation, Schwann-cell dysfunc-
tion, impaired axonal regeneration, and microvascular
injury—processes central to diabetic neuropathy pathogen-
esis. In contrast, clinical evidence remains preliminary:
circulating exosomal signatures (including candidate miR-
NAs proposed in early studies) may serve as minimally
invasive biomarkers for early detection, phenotyping
(painful vs painless), and longitudinal monitoring, but
require standardized isolation/assays and prospective
validation across cohorts. Therapeutically, most data are
preclinical, where Schwann cell–derived or mesenchymal
stromal cell–derived exosomes have been reported to
support neuroprotection and repair (mitochondrial support,
inflammation modulation, axonal regeneration), and engi-
neered exosomes are being explored as targeted delivery
vehicles for therapeutic nucleic acids or drugs; however,
translation is limited by manufacturing scale-up, cargo
consistency, dosing/route optimization, and safety/efficacy
confirmation in human trials [21].

Despite its promise, CCM (and other specialized
small-fiber assessments) has limited availability in routine
practice, requires dedicated equipment and trained exper-
tise, and demonstrates variability in normative values and
diagnostic thresholds across devices, acquisition protocols,
and reference populations [22].

4.5 Autoimmune Nodopathies (Antibody Testing)

Testing for nodal/paranodal antibodies should be
guided by specific clinical triggers. Evaluation is war-
ranted in patients with CIDP-like disease who demon-
strate a poor or early-relapsing response to IVIg; promi-
nent ataxia, coarse tremor, or marked sensory ataxia; cra-
nial, ocular, or respiratory muscle involvement; electrodi-
agnostic studies showing prominent conduction block with
minimal temporal dispersion suggestive of nodal dysfunc-
tion; or magnetic resonance imaging (MRI)/MRN evidence
of nerve root or plexus hypertrophy [14].

Recommended testing includes antibodies to
neurofascin-155 (NF155), neurofascin-186 (NF186),
neurofascin-140 (NF140), contactin-1 (CNTN1), and
contactin-associated protein 1 (CASPR1) (including
pan-neurofascin). Cell-based assays (CBA) are preferred,
as ELISA alone may yield false-positive or false-negative
results; accordingly, CBA-focused diagnostic strategies
are advised [14]. IgG subclass may have therapeutic
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implications. Immunoglobulin G (IgG) -predominant
responses (e.g., against NF155, CNTN1, or CASPR1) are
often less responsive to IVIg and may respond better to
B-cell–targeted therapies such as rituximab. In contrast,
acute IgG3-predominant cases may initially respond to
IVIg but can later switch to an IgG4 profile and become
treatment-refractory [14].

4.6 Summary

Fig. 1 summarizes a pragmatic diagnostic algorithm
for peripheral neuropathy, and Table 1 outlines the core ini-
tial and conditional tests used in this review.

A practical approach is to: (1) triage red flags first
(GBS, autonomic/respiratory compromise) [11]; (2) ap-
ply pattern recognition (length-dependent vs non–length-
dependent; symmetric vs asymmetric; small- vs large-
fiber); (3) use core labs and EDX to establish axonal
vs demyelinating vs nodal physiology [12–14]; (4) select
imaging appropriately—US for superficial/dynamic/metal-
adjacent scenarios, MRN for deep nerves, plexus, tu-
mors, and extensive trauma—with optimized protocols for
the clinical question and metal artifact–reduction strate-
gies when needed [16,18,19]; (5) when small-fiber in-
volvement is likely, incorporate CCM/IENFD/QST, not-
ing CCM’s sensitivity to early regeneration [20]; and (6)
if IVIg-refractory CIDP-like disease or nodal signatures
are present, test by CBA for NF155/CNTN1/CASPR1 (±
pan-neurofascin (pan-NF)) and align treatment accordingly
[14]. For focal entrapment (e.g., CTS), US and EDX offer
comparable accuracy, so shared decision-making based on
preference, cost, and access is appropriate [15].

Clinicians may consider escalating the diagnostic
workup to EDX (NCS/EMG) when large-fiber involvement
is suspected (objective sensory loss, weakness, areflexia),
when the pattern is asymmetric, non–length-dependent, or
rapidly progressive, when an immune-mediated neuropathy
is suspected, or when the diagnosis remains unclear after
core laboratory testing (and before initiating immunother-
apy). Proceed to US when symptoms suggest focal entrap-
ment/structural pathology, when dynamic compression is
suspected, when evaluation is needed near metal/hardware,
or when pre-procedural planning is required (e.g., for tar-
geted injection or surgical planning). Proceed to MRN
when deep nerves or plexus are suspected to be involved,
when tumor/trauma or extensive postoperative injury is
suspected, when symptoms remain unexplained despite
EDX/US, or when whole-course mapping is required for
management decisions. Proceed to genetic testing when on-
set is in childhood/early adulthood, when there is a family
history or characteristic skeletal deformity (e.g., pes cavus),
or when EDX suggests a hereditary pattern (e.g., diffuse
uniform demyelination without clear conduction block or
recurrent pressure palsies). Proceed to biopsy when results
are likely to changemanagement—particularly in suspected
vasculitic neuropathy (painful, asymmetric mononeuritis

multiplex with systemic inflammatory features), suspected
amyloidosis/infiltrative neuropathy, or suspected small-
fiber neuropathy with normal EDX (skin biopsy for IENFD
as appropriate) [9].

In children, the algorithm requires several pediatric-
specific safeguards. Red flags include delayed motor mile-
stones, gait clumsiness, pes cavus, scapular winging, and
unexplained pain crises or autonomic instability. Time
course still guides the differential—acute/subacute patterns
often reflect infectious or post-infectious causes (including
pediatric GBS variants), whereas chronic courses suggest
toxic/metabolic or hereditary etiologies. Initial testing mir-
rors adults but prioritizes potentially reversible causes (e.g.,
B12 deficiency, thyroid disease, inflammatory screens) and
a careful drug/toxin review; when phenotype or family
history points to a genetic disorder, early targeted genet-
ics is appropriate. Electrodiagnostic testing should use
age-adjusted norms, and imaging (US or MRN) helps ex-
clude structural entrapment and can inform biopsy deci-
sions [11,23]. Management emphasizes physiotherapy and
orthotics, child-appropriate analgesic dosing, and family
genetic counseling; immunotherapy follows established pe-
diatric GBS/CIDP frameworks when indicated. Overall,
apply the same stepwise logic, but lower the threshold for
genetics, adjust EDX interpretation for age, and focus on
reversible causes early.

5. Treatment: Pharmacologic to
Neuromodulation

To clarify the clinical intent, we group treatments
into (i) symptomatic management, (ii) etiology-directed
(disease-modifying) therapywhen available, and (iii) inves-
tigational or emerging approaches; statements are phrased
cautiously when evidence is limited.

This section also outlines a three-step clinical
decision pathway for painful peripheral neuropathy—
pharmacologic therapy, image-guided interventions, and
stepwise introduction of neuromodulation for refractory
pain—emphasizing optimization of first-line medications
and selective, minimally invasive procedures when appro-
priate.

Common outcome metrics used to track response in
both trials and practice are summarized in Table 2.

When tracking response across domains, a practical
option is to use outcome measures that span impairment,
disability, quality of life, and pain, and—where available—
small-fiber structure. Examples include Neuropathy Im-
pairment Score–Lower Limbs (NIS-LL), modified NIS+7
(mNIS+7), Rasch-built Overall Disability Scale (R-ODS),
Norfolk Quality of Life–Diabetic Neuropathy (QoL-DN),
Total Neuropathy Score (TNS/TNSr), and pain measures
such as Numeric Rating Scale (NRS) or Brief Pain Inven-
tory (BPI), with IENFDor CCMused in specialized settings
to capture small-fiber structure [24–26].
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5.1 Symptomatic Management: Pharmacologic Therapy
For painful diabetic peripheral neuropathy (PDN)

and other neuropathic pain syndromes, first-line phar-
macologic options include serotonin–norepinephrine reup-
take inhibitors (SNRIs), tricyclic antidepressants (TCAs),
gabapentinoids, and sodium channel blockers, all sup-
ported by moderate-quality evidence [27,28]. Across high-
quality guidelines and meta-analyses, SNRIs (e.g., duloxe-
tine), gabapentinoids (gabapentin/pregabalin), and sodium-
channel blockers (e.g., mexiletine, carbamazepine; lam-
otrigine for selected phenotypes) achieve broadly similar
small-to-moderate average pain reductions in painful neu-
ropathy; in practice, between-class differences are driven
more by adverse-event profiles and comorbidities than by
efficacy per se. Duloxetine often suits patients with co-
existing depression/anxiety or fatigue; gabapentinoids war-
rant caution for sedation, dizziness/falls, weight gain, and
the need for renal dosing; Na⁺ blockers require electrocar-
diogram (ECG)/QTc vigilance and drug–drug interaction
review.

A pragmatic rule is to begin with one first-line class,
reassess at 8–12 weeks using predefined pain and func-
tion thresholds, and—if there is partial benefit with good
tolerance—either switch classes or consider low-dose com-
bination therapy; prioritize safety and tolerability over the-
oretical additive efficacy. Their average effect sizes are
comparable, and opioids should generally be avoided ex-
cept as short-term rescue in selected cases [27]. The ther-
apeutic goal should focus on pain reduction and functional
improvement rather than complete elimination. Response
is typically assessed after 8–12 weeks; partial responders
may benefit from class switching or combination therapy
[29].

Dosing and titration should be individualized accord-
ing to sedation, fall risk, weight gain, anticholinergic bur-
den, renal and hepatic function, and potential interactions
(e.g., selective serotonin reuptake inhibitors [SSRI]/SNRI
coadministration or tricyclic antidepressant (TCA) car-
diotoxicity) [28]. A conservative initial dose and slow titra-
tion are recommended in elderly or renally impaired pa-
tients. When combining agents, safety and tolerance should
guide the regimen rather than expecting additive efficacy
[29]. As adjunctive options, the 8% capsaicin patch pro-
vides modest yet clinically meaningful analgesia with min-
imal systemic exposure [30].

Transient local burning is common but self-limited.
Topical agents, including lidocaine 5% patch, can be used
as adjuncts, particularly for patients intolerant of systemic
drugs or with focal neuropathic pain [27].

5.2 Symptomatic Management: Interventional Pain
Procedures

When pharmacotherapy provides insufficient relief,
US-guided procedures may be appropriate. These require
precise anatomical targeting and risk assessment, including

management of anticoagulation, infection, and glycemic
control [19,31].

The use of corticosteroids should be determined on a
case-by-case basis, and specific indications are outlined be-
low. Corticosteroids are indicated in selected conditions
such as Morton’s neuroma, where injection of local anes-
thetic combined with a small dose of non-particulate corti-
costeroid can provide short-term improvement in pain and
function [32,33]. For greater occipital nerve (GON) blocks,
evidence is mixed in migraine (no added benefit of steroid
in an randomized controlled trial (RCT)) but supportive in
cluster headache [34–36].

Routine use of corticosteroids should be avoided for
sympathetic blocks and simple trigger-point injections due
to limited demonstrated benefit and the potential for ad-
verse effects. Decisions should be individualized based
on patient comorbidities (e.g., diabetes, infection risk) and
aligned with local practice protocols [37].

For cases with suspected perineural adhesion or com-
pression, hydrodissection using saline or dilute local anes-
thetic ± low-dose steroid may improve nerve mobility and
pain in selected patients. Evidence is mainly derived from
small observational studies and case series; therefore, short-
term improvements have been reported, and hydrodissec-
tion can be considered between conservative therapy and
surgical decompression on a case-by-case basis [19,38].

5.3 Symptomatic Management: Neuromodulation
For patients with moderate-to-severe neuropathic pain

refractory to optimized conservative therapy, neuromod-
ulation provides a key therapeutic option. Proper patient
selection—based on pain distribution, disease mechanism,
psychological readiness, and comorbidities—is critical to
ensure response. This section covers spinal cord stimula-
tion (SCS) and pulsed radiofrequency (PRF), which modu-
late pain transmission without nerve destruction [39,40].

5.3.1 10 kHz SCS
High-frequency 10 kHz SCS is an implantable neu-

romodulation therapy in which one or two percutaneous
epidural leads are positioned over the dorsal columns—
typically mid-thoracic (around T8–T12 for painful diabetic
neuropathy)—and connected subcutaneously to a pulse
generator placed in the flank or upper buttock. The system
delivers continuous, paresthesia-independent stimulation at
10,000 Hz with short pulse widths and low amplitudes;
modern devices are programmable, often MRI-conditional,
and available in rechargeable or primary-cell formats.

In medication-refractory PDN, adding 10 kHz SCS to
optimized medical management produced markedly higher
responder rates and quality-of-life gains than medical man-
agement alone at 6 months in a randomized trial [41], with
durable benefit through 24 months, including large average
pain reductions and clinically meaningful improvements in
neurological examination domains [39]. These effects, to-

8

https://www.imrpress.com


gether with the superiority of high over low-frequency SCS
in other neuropathic pain conditions, support its position-
ing when first-line pharmacotherapy fails or is not tolerated
[42].

Before permanent implantation, diabetes control and
foot-risk management should be optimized, and a short
externalized trial should confirm individual efficacy us-
ing predefined criteria (e.g., ≥50% reduction in average
pain and/or functional gains in gait, sleep, or daily activ-
ity) [39,41].

Complications include lead migration, infection,
wound problems, hardware failure, and—rarely—neuraxial
adverse events; infection risk around 2–6% has been re-
ported and can be mitigated with timed perioperative an-
tibiotics, meticulous sterile technique, occlusive dressings,
early wound surveillance, careful lead anchoring, and early
activity precautions [43,44].

5.3.2 PRF

PRF delivers short bursts of high-voltage current
while maintaining tissue temperature below 42 °C, produc-
ing non-destructive neuromodulation that influences pain
signaling and neuroinflammation [45]. Mechanistically,
PRF disrupts abnormal firing, modifies cytokine expres-
sion, and attenuates central sensitization, providing selec-
tive modulation of nociceptive pathways [46,47].

PRF is indicated for localized neuropathic pain with
consistent provocation/relief pattern, positive diagnostic
block, and safe access confirmed by US or fluoroscopy. It
can serve as a bridge between pharmacologic therapy and
SCS.

The electrode tip is positioned near the target nerve,
typically with two 120-second cycles. US guidance allows
precise placement while minimizing vascular contact and
thermal injury. However, the parameter sets reported in
this section (e.g., voltage, pulse width, frequency, cycle du-
ration, and tip-temperature limits) are representative exam-
ples rather than a universal standard. Optimal settings vary
with the anatomical target, patient factors, and device spec-
ifications (generator and electrode). At present, no inter-
nationally agreed standardized PRF protocol exists; param-
eters should be individualized and optimized within each
institution’s procedural policies and ethical oversight.

Across small trials and observational studies, PRF has
shown a generally favorable safety profile and may provide
short- to medium-term pain relief for focal neuropathic pain
syndromes such as carpal tunnel, occipital neuralgia, and
Morton’s neuroma [48–50].

However, outcome heterogeneity persists across stud-
ies, emphasizing the need for standardized parameters and
phenotype-based patient selection (e.g., small- vs. large-
fiber dominance, inflammatory markers) in future con-
trolled trials. PRF is particularly suited for superficial, well-
visualized targets and can be performed as a two-step pro-

cess: diagnostic block followed by PRF if temporary relief
is achieved [51].

5.4 Investigational/Limited-Evidence Adjuncts:
Cannabinoids, Ketamine, Mexiletine

Cannabinoids: evidence for chronic neuropathic pain
shows small-to-moderate short-term benefit with frequent
dose-limiting adverse effects (sedation, cognitive changes),
variable legal access, and uncertain long-term safety; re-
serve for refractory cases after shared decision-making
[52].

Ketamine: intravenous (IV) ketamine can provide
short-term analgesia and wind-down central sensitization in
highly refractory neuropathic pain; limit to monitored set-
tings with defined protocols and psychological screening;
durability and optimal maintenance remain uncertain [53].

Mexiletine: oral Na⁺ channel blocker useful for select
sodium-channel–mediated pain and refractory PDN; moni-
tor for gastrointestinal (GI) intolerance and QT-related risk;
consider ECG at baseline and dose escalation. These op-
tions should not displace first-line agents and should be in-
tegrated within multidisciplinary care, with explicit risk–
benefit documentation [54].

(Disease-modifying therapy) Whenever an etiology-
directed option exists, addressing the underlying cause
should be prioritized alongside symptom control (e.g., im-
mune, metabolic, toxic, compressive, or systemic causes),
ideally coordinated with neurology and relevant specialty
services.

6. Perioperative & Anesthesia-Related
Peripheral Neuropathy

Perioperative peripheral nerve injury (PPNI) is an um-
brella term encompassing both anesthesia-related mecha-
nisms (peripheral nerve blocks, patient positioning, injec-
tion pressure, local anesthetic neurotoxicity) and surgery-
related mechanisms (direct trauma, traction, entrapment,
thermal injury, and ischemia). Reported incidence across
all surgeries ranges from ~0.03% to 0.5%, with most cases
being transient sensory deficits; persistent symptoms after
peripheral nerve block are uncommon, approximately 0.02–
0.1% [55,56]. Importantly, PPNI fits within the core di-
agnostic framework in this review as an acute focal neu-
ropathy in the iatrogenic/traumatic branch (Fig. 1; Section
3): localize the deficit, triage red flags, then use targeted
imaging (US/MRN) and electrodiagnostics to define mech-
anism and guide management. Presentations span from
mild paresthesia to permanent motor loss, and multifacto-
rial causation complicates both diagnosis and prevention.

6.1 Mechanisms and Pathophysiology
PPNI arises from combined mechanical compression

or stretch, ischemia, injection pressure–related fascicular
injury, neurotoxicity, and position-related external com-
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pression. In anesthesia, intraneural (intrafascicular) in-
jection, excessive injection pressure, prolonged fixed po-
sitioning, and tourniquet-induced blood flow interruption
are key drivers [57,58]. Surgical contributors include trac-
tion, compression, thermal damage, and ischemia in pro-
cedures such as orthopedic (shoulder/elbow), cardiac, uro-
logic/gynecologic, and head & neck surgery [55].

6.2 Common Perioperative Patterns

Common perioperative patterns include position-
related neuropathies (e.g., lithotomy-associated
femoral/obturator compression; prone positioning with
axillary/radial compression; brachial plexus stretch with
shoulder abduction), tourniquet-related ischemic injury
with longer inflation times, block-related injury associated
with intrafascicular injection/elevated injection pressure
and higher local anesthetic exposure, and direct surgi-
cal trauma or traction (e.g., shoulder/elbow fixation or
trocar-related injury to the lateral femoral cutaneous nerve)
[55,59–61] .

Regional anesthesia–associated neuropathy: After pe-
ripheral nerve block, most postoperative neurologic symp-
toms are transient paresthesias; persistent deficits are un-
common (0.02–0.1%). Typical presentations are sensory-
predominant and map to the block territory, though mo-
tor involvement can occur with intrafascicular injection,
high injection pressure, or compressive hematoma [57].
Risk factors include preexisting neuropathy (e.g., diabetes),
prolonged/labored needle manipulation, large volumes or
high concentrations of local anesthetic, and prolonged fixed
positioning [62]. Multifactorial causation is frequent and
may involve both anesthesia- and surgery-related mech-
anisms. During block placement, combine real-time US
with low-current nerve stimulation when feasible, avoid in-
jection against high opening pressure or patient-reported
severe pain/paresthesia, and stop immediately if fascic-
ular expansion or intraneural spread is suspected. In-
corporating injection-pressure monitoring and using frac-
tional, aspiration-interrupted injections reduce the likeli-
hood of intrafascicular delivery. For patients with preex-
isting neuropathy (e.g., diabetes), adopt the lowest effec-
tive dose/volume and document baseline deficits tomitigate
“double-crush” confounding.

6.3 PPNI Prevention Strategies

Prevention can be summarized as (1) optimize tech-
nique during regional anesthesia (US-guided needle visu-
alization, avoid injection against high opening pressure
or severe paresthesia; consider pressure monitoring as an
adjunct), (2) minimize exposure (use the lowest effec-
tive dose/volume and avoid incompatible admixtures), and
(3) reduce mechanical/ischemic stress (neutral positioning
with periodic checks, individualized tourniquet pressure
and shortest feasible duration). In selected high-risk pro-
cedures, intraoperative neuromonitoring (motor evoked po-

tentials [MEP] and somatosensory evoked potentials [SEP])
may facilitate early detection [16,55,58–61].

6.4 Postoperative Evaluation and Management
When new deficits arise, consider both anesthesia- and

surgery-related etiologies. Early US or MRN helps define
anatomical localization, while electrodiagnostics differenti-
ate axonal vs. demyelinating patterns [16,18]. In the acute
phase, distinguish reversible edema from irreversible ax-
onal injury; prompt decompression of external sources and
early rehabilitation can influence outcomes. If positioning,
traction, or block-related mechanisms are implicated, im-
plement recurrence-prevention bundles (positioning proto-
cols, US proficiency training, injection pressure alarms) at
the institutional level. For continuous perineural catheters,
monitor for unexpectedly prolonged or dense motor block;
if present, pause infusion and reassess before resuming at
lower concentration. In anticoagulated patients or those
with difficult needle passes, maintain a low index of sus-
picion for bleeding-related compression. Signs of local in-
fection (fever, erythema, discharge) should prompt catheter
removal and appropriate cultures and antibiotics.

6.5 Informed Consent
Although rare, PPNI can be life-altering. Preoperative

counseling should state that: (1) injuries are uncommon but
not fully preventable; (2) many cases improve over weeks
to months; and (3) severe cases may require prolonged re-
habilitation or reconstruction. Written consent and docu-
mentation are recommended [55,57].

7. Future Directions
In this section, we distinguish established evi-

dence from emerging concepts; for emerging technolo-
gies (e.g., artificial intelligence (AI)-enabled decision sup-
port, closed-loop systems, and biomarker-anchored re-
sponse criteria), wording is intentionally cautious given
limited prospective validation. Established evidence:
High-frequency (10 kHz) SCS provides durable pain relief
and functional gains in medication-refractory painful dia-
betic neuropathy (PDN), with sustained benefits through
24 months [39,41]. Emerging concepts: Neuromodulation
may increasingly be considered earlier in selected periph-
eral neuropathies as a mechanism-linked strategy, along-
side etiologic treatment where applicable.

The next decade is expected to emphasize three con-
verging themes: precision selection, objective response
tracking, and smarter devices. On the selection side, pheno-
typing will move beyond “painful vs painless” toward pro-
files that integrate small-fiber status (e.g., corneal confo-
cal microscopy metrics such as CNFD/CNBD/CNFL) and
axonal injury signals (e.g., blood neurofilament light chain
[NfL]), which may enable responder enrichment and ear-
lier referral when pharmacotherapy stalls [63–65]. For re-
sponse tracking, trials and clinics will increasingly pair
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patient-reported outcomes with structural or physiological
readouts (CCM change over 1–8 months, quantitative sen-
sory testing, gait and actigraphy, and—where available—
neurophysiologic markers), shortening the cycle between
a therapeutic adjustment and demonstrable nerve recovery
[63].

Device platforms are also evolving. Paresthesia-
independent SCS will continue to compete with pattern-
based waveforms, while PRF expands options for focal,
territory-bound pain and painful entrapments that are sub-
optimally served by axial SCS. In parallel, US-guided
percutaneous peripheral nerve stimulation (PNS) and tar-
geted interfascial techniques may offer minimally inva-
sive bridges between conservative care and surgery, espe-
cially when combined with standardized injection-pressure
monitoring and dose minimization to protect vulnerable
nerves (continuing the safety principles emphasized in
perioperative practice). For inflammatory or infiltrative
axonopathies, neuromodulation will not replace disease-
modifying therapy (e.g., RNA-targeted therapy in hered-
itary transthyretin amyloid polyneuropathy (ATTRv)) but
can be positioned earlier as a complementary strategy to
preserve function while upstream pathology is treated [66].

A practical research agenda follows from this trajec-
tory. First, trials should prospectively stratify by small-
fiber burden and axonal injury markers and prespecify
biomarker-anchored response criteria (e.g., ≥X% reduc-
tion in pain plus improvement in CNFL or CNFD at 3–6
months), allowing differentiation between pure analgesia
and genuine neural recovery [63–65]. Second, endpoints
should broaden beyond pain to include function, sensory-
examination domains, and device-relevant metrics (mobil-
ity, sleep, activity counts), with adjudicated safety com-
posites that capture infection, lead migration, and wound
complications—events that, although infrequent, determine
durability and real-world value [41,43]. Third, imple-
mentation science will matter: pathways that define when
to pivot from medications to device trials, how to co-
manage glycemic and foot-risk care in PDN, and how to
maintain post-implant surveillance will likely determine
outcomes as much as the waveform itself. Finally, AI-
enabled decision support is being explored at both the
front end (risk prediction, imaging triage on US/MRN)
and the back end (programming suggestions and remote-
monitoring dashboards); however, prospective clinical im-
pact, transparency, and governance (bias, privacy, safety
monitoring) require careful validation before routine adop-
tion [19,67,68].

In parallel with device-based strategies, disease-
modifying approaches are emerging. Regenerative
medicine is an area to watch. RNA-targeted therapies
(siRNA and antisense oligonucleotides) have already re-
shaped care in hereditary transthyretin amyloidosis (AT-
TRv) and could serve as a template for disease-modifying
strategies in peripheral neuropathies [66]. In Charcot–

Marie–Tooth disease (CMT), approaches such as PMP22
dosage modulation and correction of GJB1/connexin-32
pathways are advancing from preclinical to early clinical
stages, though practical hurdles persist—efficient deliv-
ery to Schwann cells and dorsal root ganglion, durability
and re-dosing, and immune reactions [69,70]. Stem-cell
and exosome-based therapies show potential for trophic
support, immune modulation, and remyelination but re-
main investigational with heterogeneous methods and lim-
ited evidence; they should stay within clinical trial settings.
For translation, standardized outcome batteries (e.g., NIS-
LL/mNIS+7, R-ODS, quality of life (QoL) and pain mea-
sures, and small-fiber metrics such as corneal confocal mi-
croscopy and intraepidermal nerve fiber density) and long-
term safety registries are essential [20]. In short, regenera-
tive medicine should be positioned not as incremental anal-
gesia but as a disease-modifying path aimed at target en-
gagement, durable nerve repair, and patient-centered func-
tional recovery.

Taken together, neuromodulation in peripheral neu-
ropathies may shift toward earlier use in well-profiled pa-
tients, tighter linkage to biology via quantitative mark-
ers, and smarter—potentially closed-loop—platforms in-
tended to maintain benefit in daily life, acknowledging
that prospective validation is still evolving. As disease-
modifying options expand for selected etiologies, the cen-
ter of gravity becomes a coordinated continuum: optimize
risk factors; escalate to mechanism-matched devices when
appropriate; and verify benefit with objective signals of re-
generation. In short, relief of pain and restoration of nerve
health should be pursued in parallel, not in sequence.

Limitations: As a narrative review, this article does
not apply a fully reproducible systematic search strategy or
formal risk‑of‑bias grading for every included study, and
selection decisions may introduce emphasis bias despite
prioritization of guidelines and higher‑level evidence where
available. Evidence strength varies across etiologies and
modalities; therefore, practice‑facing statements are explic-
itly qualified when based on limited or heterogeneous data.
The diagnostic algorithm is intended to aid triage and com-
munication rather than to replace specialist evaluation or
local protocols.

8. Conclusions
Peripheral neuropathy encompasses diverse etiologies

and pathophysiology, so delayed diagnosis and subopti-
mal treatment remain common. This narrative review inte-
grates a phenotype‑first, stepwise diagnostic framework—
from bedside pattern recognition to core laboratory test-
ing, EDX, and selective escalation to US/MRN, small‑fiber
testing, and antibody work‑up when indicated—and it
summarizes tiered management options spanning guide-
line‑supported pharmacotherapy, image‑guided interven-
tions, and selected neuromodulation strategies for carefully
selected, refractory cases. Importantly, Fig. 1 is presented
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as a flexible clinical framework rather than a prescriptive
standard; recommendations should be adapted to patient
context, local resources, and evolving evidence. Several
domains discussed (e.g., some PRF indications, AI‑enabled
decision support, and regenerative/exosome‑based thera-
pies) remain investigational and require prospective vali-
dation before routine adoption.
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