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Specific neurotoxicity of local anaesthetics revisited

An evidence-based narrative review

Pierre Goffin, Jean-Pierre Lecoq, Michele Carella, Hipolito Labandeyra, Martı́ Flò Csefk!o and

Xavier Sala-Blanch

Local anaesthetics are essential to regional anaesthesia but
may exert neurotoxic effects on peripheral nerves under
specific conditions. Although perioperative nerve injury is
increasingly recognised, the contribution of local-anaesthetic
neurotoxicity, the relative toxicity of different agents and
concentrations, and the influence of patient-related risk
factors remain incompletely defined. This evidence-based
narrative review synthesises experimental and clinical data
on peripheral nerve neurotoxicity associated with local
anaesthetics and discusses implications for clinical practice
and future research. A prospectively registered search was
conducted across major biomedical databases for studies
published between 1990 and 2024. Experimental evidence
consistently demonstrates dose-dependent and time-depen-
dent neurotoxicity for all clinically used local anaesthetics,
characterised by ultrastructural damage, oxidative stress,
mitochondrial dysfunction and activation of apoptotic and
intracellular signalling pathways. Relative toxicity varies

between agents and concentrations, with lidocaine and
bupivacaine often appearing more potent than ropivacaine
or chloroprocaine in preclinical models, while findings for
articaine remain heterogeneous. Diabetic and metabolically
compromised nerves exhibit increased susceptibility, sup-
porting a ‘two-hit’ model of injury. In contrast, clinical evi-
dence directly linking specific agents, concentrations or
exposure durations to permanent peripheral nerve injury is
limited, and such injuries are typically multifactorial. Overall,
chemical neurotoxicity should be considered one component
of a broader perioperative risk profile. Risk mitigation should
prioritise avoidance of intraneural injection, adherence to
recommended doses and cautious use of high concentra-
tions or prolonged exposure, particularly in vulnerable nerves.
Further research should integrate mechanistic and clinical
outcomes while accounting for patient-level risk factors.
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KEY POINTS

! Experimental signal: all clinically used local
anaesthetics show dose- and time-dependent pe-
ripheral nerve neurotoxicity in preclinical models.

! New mechanistic cascades: are demonstrated in-
cluding induced oxidative stress with mitochondrial
depolarisation and calcium overload, activating p38
MAPK/JNK signalling and culminating in caspase-
dependent apoptosis.

! Heterogeneous risk: relative toxicity varies by agent/
concentration (often lidocaine and bupivacaine

>ropivacaine/chloroprocaine); diabetes/metabolic com-
promise increases susceptibility (‘two-hit’ model).

! Clinical translation remains uncertain: direct evi-
dence linking local anaesthetics to permanent nerve
injury is limited and likely multifactorial; therefore,
regional anaesthesia decisions should be based on
the overall perioperative risk profile.

Introduction
Peripheral nerve blocks are now a central pillar of peri-
operative analgesia and enhanced recovery pathways.1,2

Local anaesthetics (LAs) used for these techniques
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