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Abstract

Background [1-10,27]

Lidocaine

Mechanism/s of Analgesia 

Transdermal anesthesia is a cornerstone of pain management,
offering localized analgesia with minimal systemic effects.
Lidocaine, a widely utilized local anesthetic, achieves pain relief
primarily through sodium channel blockade, with emerging
evidence highlighting additional mechanisms such as modulation
of inflammatory mediators and nociceptive signaling. This review
of the literature investigates Lidocaine 7.5% Cream as a potentially
superior option compared to 4-5% lidocaine formulations and
EMLA cream (lidocaine 2.5% and prilocaine 2.5%). With its higher
concentration, Lidocaine 7.5% Cream may provide deeper, longer-
lasting anesthesia while mitigating risks such as prilocaine-induced
methemoglobinemia and delayed onset associated with EMLA
Cream. Through the integration of published pharmacokinetic,
pharmacodynamic, and clinical trial data we evaluate the suitability
of lidocaine 7.5% (w/w) in the management of localized
musculoskeletal and neuropathic pain. Our findings suggest
lidocaine 7.5% cream offers improved efficacy and tolerability vs
FDA approved alternatives; however, additional PK/PD studies and
clinical trials must be conducted to further optimize dose and
formula.

In the management of localized pain, achieving effective and long-
lasting relief without the systemic concerns and adverse effects
associated with oral analgesia remains a critical therapeutic goal.
To evade these limitations, researchers, 503b FDA Outsourcing
Facilities, and compounding pharmacists are working diligently to
improve the availability and the efficiency of transdermal
analgesia, due to its demonstrated potential to reduce the risk of
systemic intolerance while providing therapeutically equivalent
pain relief. The customizable nature of transdermal delivery
systems also allows for tailored drug release kinetics, improving
localized drug concentration and therapeutic outcomes. However,
challenges such as variability in skin permeability, ensuring
consistent bioavailability, and assessing the safety of higher-dose
formulations remain areas of active investigation. By addressing
these challenges, pharmacologists are working to further optimize
transdermal anesthetics, solidifying their role as a cornerstone in
pain management while mitigating the risks associated with
systemic therapies.

Transdermal Anaesthesia 

Lidocaine, discovered in 1946, quickly became a breakthrough in
local anesthesia due to its superior efficacy and extended duration
of action compared to earlier anesthetics. Astra AB, a Swedish
pharmaceutical company, acquired the rights to the compound in
1943 and introduced it under the brand name Xylocaine. After
securing a U.S. patent in 1948, Astra established a manufacturing
facility in Worcester, Massachusetts, by 1951 to meet the rapidly
increasing demand for the drug.

Initially approved in 1948 for systemic use, lidocaine (Xylocaine) is a
well-understood antiarrhythmic drug with localized anesthetic
effects. At this time, lidocaine was the go-to, first-line treatment for
ventricular arrhythmias and ventricular tachycardia (prior to its
replacement by amiodarone). 

Over the years, lidocaine has been adapted into various
formulations to serve a wide range of anesthetic needs. Its local
anesthetic properties have been particularly valuable in
dermatologic applications, leading to the development of
transdermal creams, ointments, sprays, topical solutions, and
topical systems/patches. These advancements have solidified
lidocaine's role as a versatile and essential agent in pain
management and anesthesia in conditions such as postherpetic
neuropathy (PHN). The transdermal lidocaine products which we
assess in this research article, each indicated for local anesthesia
and subsequent pain relief, are listed below:
1.  Lidocaine topical ointment 4% (OTC), 5% (Rx Only)
2. Lidocaine topical cream 4% (OTC), 5% (Rx Only)
3. Lidocaine topical system 4% (OTC), 5% (Rx Only)
4. ZTlido (lidocaine topical system) 1.8% (Rx Only)
5. Lidtopic (lidocaine topical cream) 7.5% (Rx Only)
6. Lidocaine and prilocaine cream, 2.5%/2.5% (EMLA) 

The processes involved in the regulation of neuropathic signal
transduction are: (1) dysregulated ion channel activity, (2) activation
of immune and glial cells, (3) the release of pro-inflammatory
mediators, and (4) epigenetic modifications that alter gene
expression. Collectively, these changes establish and maintain the
hyperexcitable neural states responsible for the persistent and
debilitating nature of neuropathic pain, underscoring the need for
targeted therapeutic interventions. [14]

†Lidtopic (lidocaine topical cream) 7.5% is available commercially from Nubratori RX, a 503b FDA outsourcing facility. Lidtopic is listed in all national drug
databases. Medications can be prescribed and dispensed when in the opinion of the health care provider it is clinically significant over other commercial
available medications.

†

Sodium Channel Blockade [1,6-11]
Lidocaine's pharmacological effects are primarily mediated through
its reversible, dose-dependent blockade of voltage-gated sodium
channels Nav 1.7, Nav 1.8, and Nav 1.9, which are hyper-expressed
in nociceptive neurons.

http://www.orcid.org/0009-0006-
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In the central nervous system, this blockade impairs the
depolarization of inhibitory neurons, disrupting the delicate
balance between excitatory and inhibitory signals. At lower plasma
concentrations, this imbalance can lead to neural excitation,
presenting as symptoms such as restlessness, dizziness, or
seizures. As plasma concentrations rise, the widespread
suppression of neuronal activity results in CNS depression, which
can manifest as lethargy, respiratory depression, or, in severe
cases, coma. 
In cardiac tissue, lidocaine inhibits the sodium channels
responsible for action potential generation and propagation. This
action reduces myocardial excitability and contractility, which can
help suppress arrhythmias such as ventricular tachycardia.
However, excessive sodium channel blockade in myocardial cells
can result in significant adverse effects, including conduction
disturbances, reduced cardiac output, and arrhythmias.

Alternatively, when applied externally to intact skin, lidocaine is
known to “block both the initiation and conduction of nerve
impulses by decreasing the neuronal membrane's permeability to
sodium ions, which results in inhibition of depolarization with
resultant blockade of conduction.” [1]  Topical lidocaine stabilizes
nerve membranes, reducing ectopic activity in damaged afferent
pain receptors and mitigating pain signaling. Additionally, its effects
on keratinocytes and immune cells, as well as its modulation of
irritant receptors like TRPV1 and TRPA1, may further enhance its
analgesic properties. These combined mechanisms contribute to
the comprehensive pain-relief  associated with transdermal
lidocaine.

CGRP-Mediated Effects [12-16]
Neurogenic inflammation refers to inflammation that is caused by or
amplified by the release of calcitonin gene-related peptide (CGRP)
or substance P from sensory nerve endings. This type of
inflammation plays a role in conditions such as psoriasis, migraine,
and certain types of chronic pain. Neurogenic pain describes pain
that arises from damage, dysfunction, or irritation of nerves,and is
prevalent in neuropathic conditions.

A recent systematic review by Yin Q, Sun L, Cai X, et al. (2022)
explored the immunomodulatory potential of lidocaine in psoriasis
treatment, specifically targeting calcitonin gene-related peptide
(CGRP) signaling and sensory neuron-dendritic cell interactions.[12]
The results demonstrated several mechanisms through which
lidocaine may provide therapeutic benefits. Lidocaine application in
mouse models significantly reduced the severity of psoriatic lesions,
showing marked improvements in lesion size, erythema, and scaling
compared to untreated controls. This effect was primarily linked to
the inhibition of CGRP signaling, a critical pathway driving
neurogenic inflammation and immune dysregulation in psoriasis. By
blocking CGRP, lidocaine reduced sensory neuron hyperactivation
and disrupted their harmful interactions with dendritic cells.
Furthermore, lidocaine suppressed dendritic cell activation and
migration, hindering antigen presentation and subsequent T-cell-
driven immune responses. The study also reported decreased
levels of pro-inflammatory cytokines, such as IL-17 and IL-23,
highlighting lidocaine’s anti-inflammatory properties beyond its role
as a local anesthetic.

NrF2 Modulation 
There is emerging evidence suggesting that lidocaine may have
Nfr2-modulating properties, particularly in its potential role in
reducing oxidative stress and inflammation, which are central to
the development of neuropathic pain.

Nuclear factor erythroid 2-related factor 2 has emerged as a key
player in mitigating neuropathic pain by addressing oxidative
stress and its downstream effects. Nrf2 enhances cellular
antioxidant defenses, reducing oxidative damage and neuronal
hyperexcitability. Nrf2 also supports mitochondrial health by
regulating quality control, promoting biogenesis, and maintaining
redox balance. Beyond its antioxidant role, Nrf2 exerts significant
anti-inflammatory effects, stabilizing the cellular environment by
inducing anti-inflammatory mediators.  

In preclinical models of neuropathic pain, lidocaine has been
shown to reduce oxidative stress markers and modulate
inflammatory responses, which are linked to Nrf2 activation. For
example, in studies involving peripheral nerve injury, lidocaine
demonstrated the ability to reduce oxidative damage and promote
the repair of damaged tissues, possibly through Nrf2 pathway
activation.  Further research is needed to confirm the precise
mechanisms by which lidocaine interacts with Nrf2 and to establish
whether this interaction is a key component of its therapeutic
effects, particularly in the treatment of chronic pain syndromes like
neuropathy. These recent finding indicate that lidocaine, aside
from its established role in blocking sodium channels and
providing local anesthesia, could be leveraged for its potential to
modulate oxidative stress responses through the Nrf2 pathway,
offering a dual mechanism for pain relief and tissue protection.

Biopharmaceutical Considerations
Dose-Dependent Response
Cutaneous lidocaine is available in various forms such as gel,
cream, spray, and patch (both prescription and OTC). Lidocaine
gels or sprays provide rapid relief, while patches/gels/creams are
recommended in long-term use for their prolonged effects. The
analgesic effects of lidocaine are dose-dependent, with higher
concentrations providing deeper tissue penetration. 

A retrospective review by Wilderman et al. (2020) evaluated the
efficacy of repeated intravenous (IV) lidocaine infusions in patients
with fibromyalgia, in order to determine the relationship between
dosage and pain reduction. The study involved 74 patients, each
receiving escalating doses of IV lidocaine (5 mg/kg, 7.5 mg/kg, or
7.5 mg/kg combined with 2.5 g of magnesium sulfate). 

Results indicated a significant reduction in pain scores immediately
following infusions, with a greater reduction observed with the 7.5
mg/kg dose compared to 5 mg/kg. Additionally, patients reported
longer-lasting pain relief with higher doses, with both the
percentage of pain relief and the duration of relief significantly
greater at 7.5 mg/kg. Importantly, higher doses of lidocaine (7.5
mg/kg) did not result in more adverse reactions. The study
concluded that escalating IV lidocaine doses up to 7.5 mg/kg
provided more effective and longer-lasting pain relief in
fibromyalgia patients, suggesting a dose-response relationship. 
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Molecular Weight: (g/mol)          234.34
Log P:                                             2.44
Melting Point (°C):                           68.5
pKa:                                                 8.01

Physicochemical properties of lidocaine, &
parameters for transdermal locomotion

Sources for the data in this table include DrugBank, 2020; Expert
Committee on Drug Dependence, 2017; Plumley et al., 2009;
PubChem, 2020.

Figure 1

Lidocaine 

Concomitant Synergism [22,30]
In a randomized, intraindividual, comparative trial, Junputipong et
al. (2022) evaluated the efficacy of topical 10% lidocaine cream
versus EMLA cream in providing cutaneous anesthesia. The study
involved 40 participants who applied either cream to their forearms
for durations ranging from 15 to 150 minutes. Pain was induced
using a 21-gauge needle insertion, and participants assessed pain
intensity using the Verbal Pain Score. The results indicated that
EMLA cream provided significantly better efficacy than 10%
lidocaine cream (p < .001). For achieving acceptable pain at a 4-mm
depth, the minimal application times were 40.88 minutes for EMLA
and 45.38 minutes for 10% lidocaine. Both creams caused adverse
effects, with EMLA showing higher proportions.  This data illustrates
the synergism that occurs when anesthetic drugs are used in
combination, whether that be orally, topically, etc.  All sources of
anesthetic must be considered in order to properly evaluate the
risk of systemic toxicity, regardless of their individual potency.

Sargolzaei et al (2020) [25] conducted a recent  a split-mouth,
double-blind, randomized controlled trial compared the efficacy
and safety of lidocaine/prilocaine emulsions (5%, 7.5%, and 10%)
with the standard 10% lidocaine hydrochloride spray for oral cavity
anesthesia (n=15). The results showed no significant differences in
pain relief among the four anesthetics, with no adverse reactions
observed for the 7.5% and 10% lidocaine/prilocaine formulations.
Age and gender had no notable effect on anesthetic efficacy.
These findings suggest that lidocaine/prilocaine emulsions are as
effective as lidocaine hydrochloride spray, offering potential for
synergistic use of topical anesthetics in localized pain management
while maintaining safety.

Time-Dependent Accumulation [2,5,39,41]
Repeated use can lead to local tissue saturation, increasing
systemic absorption, especially in cases of prolonged use or
compromised skin integrity. While systemic exposure is generally
low, it can increase with overuse, compounded doses, or
application on inflamed or damaged skin. Cumulative use over time
can also increase the risk of systemic events in patients with liver
dysfunction or those using other anaesthetic-containing products.
Proper dosing, adherence to recommended application times, and
avoiding use on damaged skin can help mitigate these systemic
concerns. Risk of systemic exposure of topical lidocaine is low but
is increased by compounding doses, overuse or abuse, use on
acutely inflamed or damaged skin, or occluding the site of
application. Side effects include dizziness, drowsiness, muscle
twitch, seizure, respiratory distress, loss of consciousness, and
cardiac arrest. 

Data (mean ± SD; n = 7) are presented as the cumulative
amount of drug absorbed (open symbols, left axis) and as the
flux, plotted at the mid-point of the sampling interval, as a
function of time (closed symbols, right axis)

In Vitro Skin Permeation Results
From: Assessment of Drug Delivery Kinetics to
Epidermal Targets In Vivo

Original Source: Hoppel, M., Tabosa, M.A.M., Bunge, A.L. et al. Assessment of
Drug Delivery Kinetics to Epidermal Targets In Vivo. AAPS J 23, 49 (2021)

Figure 2a

Local anesthetics come in various forms, each with a molecular
structure consisting of an aromatic ring, an intermediate chain, and
an amine group. These anesthetics are lipophilic, enabling them to
diffuse through nerve cell membranes, and water-soluble, which
aids in their preparation, storage, and administration. The type of
intermediate chain classifies them as either amide or ester
anesthetics. Examples of amide anesthetics include lidocaine,
prilocaine, etidocaine, and bupivacaine, while ester anesthetics
include procaine, benzocaine, and tetracaine. Amide anesthetics
are generally preferred over esters due to the lower risk of allergic
reactions associated with the ester class. 

Cutaneous Locomotion & Pharmacokinetics  [39-41]
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Clinical Analyses: Efficacy and Safety
Clinical research supports the efficacy and safety of transdermal
lidocaine 7.5% in the management of conditions such as diabetic
peripheral neuropathy, carpal tunnel syndrome, chronic low back
pain, PHN, and osteoarthritis.  While higher-concentration topical
lidocaine formulations (7.5% to 10%) have been explored in clinical
settings, current evidence does not consistently demonstrate
superior efficacy over lower concentrations.

Oni et al. (2012) compared serum lidocaine and
monoethylglycinexylidide (MEGX) levels following the application of
five commonly available topical anesthetics: LMX-4 (4% lidocaine),
Topicaine (4% lidocaine), generic EMLA (2.5% lidocaine/2.5%
prilocaine), LET (4% lidocaine, 1:2000 epinephrine, 0.5%
tetracaine), and BLT (20% benzocaine, 6% lidocaine, 4%
tetracaine).  Significant differences in absorption were observed
among the formulations (P = .0439), with the 2.5% lidocaine
preparation demonstrating greater absorption than 4% and 6%
lidocaine preparations (P = .0016). Topicaine produced the highest
individual serum lidocaine levels, followed by generic EMLA, LMX-
4, BLT, and LET. Surprisingly, lidocaine 4% yielded the highest
average serum lidocaine and MEGX levels. Oni et. al demonstrates
that the concentration of lidocaine, the formulation of the drug, and
the individual patient all have significant effects on serum
levels/systemic uptake of lidocaine

Hoppel, M., Tabosa, M.A.M., Bunge, A.L. et al. (2021) aimed to
quantify the delivery kinetics of topically applied lidocaine into
viable skin layers using an in vivo tape-stripping method. This
involves the utilization of tape-stripping to sequentially remove
layers of the stratum corneum (SC) at various times, then measuring
drug concentrations to estimate input rates into viable skin.
Notably, the lidocaine cream exhibited a higher delivery rate
compared to the transdermal patch, suggesting that such
formulations may offer enhanced therapeutic efficacy for conditions
requiring localized analgesia. See Figure 2a/b.

1.  Wilderman I, Pugacheva O, Perelman VS, et. al (2020) [32] 
The study by Wilderman et al. (2020) retrospectively reviewed the
charts of 74 fibromyalgia patients to evaluate the efficacy of
repeated intravenous (IV) lidocaine infusions and the relationship
between dosage and pain reduction. Each patient underwent at
least three escalating doses: 5 mg/kg, 7.5 mg/kg, and 7.5 mg/kg
combined with 2.5 g of magnesium sulfate. Significant reductions in
Numeric Rating Scale (NRS) pain scores were observed
immediately after the infusions, with greater reductions noted at
the higher dose of 7.5 mg/kg compared to 5 mg/kg (P = 0.009).
Patients also reported longer durations of pain relief with the
higher dose, and both the percentage of pain relief and the mean
duration of relief were significantly greater with 7.5 mg/kg than with
5 mg/kg (P = 0.007 and P = 0.003, respectively). Importantly, the
higher dose of 7.5 mg/kg was not associated with an increased
frequency of adverse reactions, supporting the safety and
enhanced efficacy of higher-dose IV lidocaine in managing
fibromyalgia pain.

2. Hoppel, M., Tabosa, M.A.M., Bunge, A.L. et al. (2021) [37]
In Hoppel et al.'s study, lidocaine absorption into the stratum
corneum (SC) from a commercial cream after 1 hour was
approximately 70 μg/cm². Drug delivery to the viable epidermis was
consistent, ranging from 6.7 to 11.5 μg/cm²/h. In vitro tests showed
faster skin penetration from the cream compared to a lidocaine
patch, with the cream having a 1.5-hour lag time versus 4 hours for
the patch. This enhanced uptake was attributed to excipients like
propylene glycol (7.5%) and benzyl alcohol (1.5%), which increase
lidocaine’s thermodynamic activity and act as penetration
enhancers. The cream’s shorter application time resulted in a high
local drug concentration, with lidocaine flux peaking at 3 hours and
remaining steady until the 9-hour endpoint, suggesting the
potential for prolonged drug delivery. The study also estimated free
drug concentrations and clearance rate constants, which depend
on drug diffusivity and distance to the microcirculation. Overall, the
findings highlight the cream's rapid, efficient delivery of lidocaine,
influenced by its formulation and excipients.  See Figure 2a, above.

Common topical anesthetics include lidocaine, prilocaine,
tetracaine, or their combinations [8, 9]. All local anesthetics, except
for cocaine, have vasodilatory effects [7]. The ideal topical
anesthetic would be easy to apply, exhibit high clinical
effectiveness quickly, target intact skin without systemic effects,
and cause minimal discomfort or side effects during treatment.

For local analgesia to be effective, anesthetics must penetrate the
stratum corneum and reach the interior of the nerve fibers. The
innate ability to penetrate, anesthetic potency, pharmacokinetic
parameters, and potential adverse effects are closely linked to the
chemical structure and physicochemical properties of the
anesthetic. See Figure 1. 

The local uptake, or tissue bioavailability of lidocaine depends on a
combination of the following: the area of application, skin
thickness, skin quality, drug concentration, excipient selection, and
local soft tissue vascularity. Indirect evidence has shown that
successive applications of lidocaine-based topical treatments can
lead to an accumulation of lidocaine in the local tissue, thereby
increasing the opportunity for plasma uptake. he onset, depth and
duration of dermal analgesia provided by lidocaine depend
primarily on the duration of application.



AB16: efficacy, safety, and patient satisfaction with lidocaine 7%
and tetracaine 7% (LT cream) were assessed in 1 randomized,
single blind study vs lidocaine 2.5% and prilocaine 2.5% cream (LP
cream), as well as 4 randomized, double-blind, placebo controlled
studies. Depending on the procedure, LT cream, LP cream, or
vehicle was applied for 20, 30, or 60 minutes. Across all studies,
subject-reported pain scores on the Visual Analog Scale were
significantly lower with LT cream. Investigators also rated
significantly more subjects as experiencing no pain during
procedures with LT cream (P = .001), and both investigators and
subjects consistently reported adequate anesthesia more
frequently with LT cream (P < .004). Furthermore, a majority of
participants indicated they would choose LT cream for future
procedures (P < .001). Most adverse events, including erythema
and edema, were mild in severity and occurred at similar rates
between the LT cream and comparator groups. These findings
demonstrate that LT cream provides superior pain relief and high
subject satisfaction while maintaining a favorable safety profile. 

Dermal PK metrics deduced from the amounts of drug measured in the SC after uptake and clearance  
From: [Table II]. Hoppel, M., Tabosa, M.A.M., Bunge, A.L. et al. Assessment of Drug Delivery Kinetics to Epidermal Targets In Vivo. AAPS J 23, 49
(2021). doi: 0.1208/s12248-021-00571-3

Estimation of drug concentrations at the stite of action in the viable skin (C*) from SC sampling results
for lidocaine delivered from a medicated plaster and from a cream
From: [Table III]. Hoppel, M., Tabosa, M.A.M., Bunge, A.L. et al. Assessment of Drug Delivery Kinetics to Epidermal Targets In Vivo. AAPS J 23, 49
(2021). doi: 0.1208/s12248-021-00571-3

Figure 2b

(mean ± SD; n=6) (mean ± SD; n=6)
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3. The Journal of the American Academy of Dermatology
published 2 studies comparing transcutaneous kinetics of lidocaine
preparations in 2014. [39,40]

AB21: a multicenter, open-label, randomized, split-face study
evaluated the efficacy, safety, and patient satisfaction of an FDA-
approved anesthetic cream containing lidocaine and tetracaine
7%/7% (LT cream) compared to a compounded topical anesthetic
ointment (BLT ointment: benzocaine 20%, lidocaine 6%, and
tetracaine 4%). The study involved 51 participants who received
concurrent 30-minute applications of LT cream and BLT ointment
on opposite sides of their face prior to hyaluronic acid filler
injections for nasolabial fold (NLF) correction. Independent
observers noted a significant reduction in pain with LT cream
compared to BLT ointment during the first needle stick (P = .045).
Most investigators (86% for both treatments) reported that both
anesthetics provided adequate anesthesia. However, erythema and
edema severity differed significantly between the two groups, with
LT cream showing a more favorable profile (P = .003). 
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Discussion: The Case for TD Lidocaine 7.5%
Overview: Neuropathy [15-17,30-35]
Neuropathic pain is notoriously difficult to treat given its unique and
multifactorial pathology. Sustained, clinically-significant
antinociception in the management of chronic and/or severe
neuropathic conditions often necessitates higher daily analgesic
doses and polypharmacy. Neuropathic pain can have a significant
impact on a patient’s daily lifestyle, psychosocial wellbeing, and
overall quality of life.

Neuropathic pain is caused by a lesion or disease affecting the
somatosensory nervous system, leading to abnormal signaling
within the nervous system itself. Common causes include: nerve
compression, diabetic neuropathy, trauma, and post-herpetic
neuralgia. Neuropathy is often chronic and severely impacts quality
of life, typically presenting as burning, shooting, or tingling
sensations. Patients may also experience dysesthesia (unusual
painful sensations) or paresthesia (non-painful altered sensations
like numbness or tingling); these symptoms are frequently
accompanied by increased or decreased sensitivity in affected
areas, often persisting well beyond the initial injury due to ongoing
abnormal nerve signaling. Neuropathic pain involves peripheral
and central sensitization, driven by changes in ion channels,
activation of immune and glial cells, mediator release, and altered
gene expression, all contributing to its chronic nature.

Albrecht et al. (2021) [13] investigated the relationship between
keratinocyte biomarkers and the effectiveness of topical 5%
lidocaine patches in patients with painful diabetic peripheral
neuropathy (PDPN). The research aimed to identify specific
biomarkers that could predict patient responsiveness to lidocaine
treatment. The study found that certain keratinocyte biomarkers
were significantly elevated in PDPN patients compared to those
with low-pain diabetic peripheral neuropathy (lpDPN) and healthy
controls. Notably, the expression levels of Nav1.6, Nav1.7, and
CGRP in keratinocytes were higher in PDPN patients. These
elevated biomarker levels correlated with the patients' pain
severity and their response to the 4-week topical 5% lidocaine
patch treatment.

Measuring these keratinocyte biomarkers could serve as a
predictive tool for assessing the efficacy of topical lidocaine in
managing PDPN. 

These findings suggest that potent lidocaine creams, due to their
superior penetration, may offer advantages in scenarios requiring
rapid and effective pain relief compared to transdermal patches.

The impact of combination therapies, such as lidocaine with
tetracaine or prilocaine, demonstrates the importance of API
selection and product formulation. Tagliolatto and Mitsuushi [30]
found that a 7% lidocaine/7% tetracaine combination provided
significantly better analgesia compared to 4% lidocaine alone,
highlighting the synergistic effects of combining anesthetics. 

Similarly, EMLA cream (lidocaine 2.5%/prilocaine 2.5%)
demonstrated superior efficacy compared to higher concentrations
of lidocaine alone in studies by Junputipong et al. (2022) and
Weilbach et al. (2017), though it is associated with specific adverse
effects, such as methemoglobinemia and allergic contact
dermatitis. Ultimately, while synergy can improve analgesic
outcomes, patient safety and the potential for adverse reactions
must remain central considerations; a balance between the two
must be sought.

The dose-response relationship observed in systemic lidocaine
administration provides further insight into topical applications.
Wilderman et al. (2020) demonstrated that higher doses of IV
lidocaine (7.5 mg/kg) produced longer-lasting pain relief without
increasing adverse events. This aligns with findings in topical
formulations, where higher concentrations, such as 10% lidocaine
creams, achieve superior analgesia when applied for sufficient
durations (e.g., 60 minutes), as shown in Junputipong et al. (2022).
However, these benefits are tempered by the risk of local
anesthetic systemic toxicity, as detailed by Denke (2024),
emphasizing the need for careful monitoring, especially with high-
concentration or synergistic formulations.

Local Anesthetic Systemic Toxicity (LAST) is a rare but potentially
life-threatening complication resulting from the systemic absorption
of local anesthetics. Denke's 2024 article underscores the rising
incidence of LAST, particularly as outpatient procedures utilizing
local anesthetics become increasingly common in the United
States. Despite their widespread use and general perception of
safety, local anesthetics carry inherent risks, especially in cases
involving high concentrations, large application areas, or
compromised skin integrity. The article highlights the importance of
recognizing that factors such as the type of anesthetic, its
concentration, the site of administration, and individual patient
characteristics (e.g., age, comorbidities, liver function) can
significantly influence the likelihood of LAST.
Symptoms of LAST can range from mild to severe, involving both
the CNS (e.g., dizziness, confusion, seizures) and the cardiovascular
system (e.g., arrhythmias, hypotension, cardiac arrest). 

Our findings highlight the importance of tailoring locally-acting
lidocaine-based therapies to individual patient needs. Combination
therapies show promise in enhancing efficacy through synergistic
effects, but the risks of adverse events must be carefully managed.
Future research should focus on optimizing delivery methods, such
as occlusive applications, to maximize analgesia while minimizing
systemic absorption and associated risks.

Achieving Balance: Risk vs Benefit [1,20,22,30,36,37]
The pharmacokinetics, efficacy, and safety of lidocaine-based
topical anesthetics are influenced by a variety of factors, including
concentration, formulation, delivery method, and individual patient
variability.

Oni et al. (2012) demonstrated that serum lidocaine levels vary
significantly depending on the concentration of lidocaine, the
specific formulation, and patient-specific factors. For instance,
studies comparing topical creams and transdermal patches,
revealed that lidocaine creams exhibit higher delivery rates into
viable skin, which may enhance therapeutic efficacy for localized
pain management.
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Conclusion

One major challenge which limits our findings is inconsistencies in
the intensity of painful stimuli across studies.  Inconsistencies in
application method, hinder the generalizability and wider
applicability of our findings. Another significant limitation lies in the
lack of formula standardization, with variations in permeation
enhancers, compounding techniques, and excipients significantly
affecting local and systemic drug absorption. The data presented
are exploratory and limited by small sample sizes and moderate-
quality evidence, making it difficult to draw definitive conclusions.
Although individual studies have shown promise, variability in
patient responses complicates the broader application of the
findings.

Limitations

Neuropathic pain is a deeply individualized condition, driven by
complex and varied signaling mechanisms that differ from patient
to patient. This variability highlights the essential role of
personalized medicine in pain management. Effective treatment
requires a tailored approach, recognizing that the pharmacologic
regimen suitable for one patient may be ineffective or poorly
tolerated by another.

Based on an evaluation of the current literature, lidocaine 7.5%
cream shows great promise as an option for managing a wide
range of pain disorders. Its higher concentration has the potential
to enhance analgesic efficacy, providing relief for patients who
may not respond adequately to standard formulations. Importantly,
its safety and tolerability profile supports its use in carefully
selected patients, making it a valuable addition to the arsenal of
transdermal therapies.

As the field of transdermal analgesics evolves, ongoing efforts to
refine formulations, optimize dosing strategies, and develop
innovative delivery methods are critical. These advancements aim
to improve efficacy, ensure safety, and better address the
complexities of individualized pain management. By continuing to
explore and expand the capabilities of topical therapies, including
lidocaine 7.5%, we take meaningful steps toward more effective
and patient-centered solutions for pain relief.
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