
Academic Editor: Steve B. Greenberg

Received: 6 April 2025

Revised: 27 May 2025

Accepted: 29 May 2025

Published: 31 May 2025

Citation: Fernández-Martínez, A.;

García, J.G.; López-Picado, A.

Anti-Inflammatory and

Immunomodulatory Effects of

Intravenous Lidocaine in Surgery: A

Narrative Review. J. Clin. Med. 2025,

14, 3883. https://doi.org/10.3390/

jcm14113883

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Review

Anti-Inflammatory and Immunomodulatory Effects of
Intravenous Lidocaine in Surgery: A Narrative Review
Ana Fernández-Martínez 1 , Joseba González García 2 and Amanda López-Picado 3,*

1 Anaesthesiology Department, Hospital Universitario San Pedro de Logroño, 26006 Logroño, Spain;
dra.fernandez.anesthesia@gmail.com

2 Anaesthesiology Department, Hospital Universitario de Basurto, 48013 Bilbao, Spain;
josebagonzalezgarcia@outlook.com

3 Health Faculty, Universidad Internacional de La Rioja, 26006 Logroño, Spain
* Correspondence: amanda.lopezpicado@gmail.com

Abstract: Lidocaine, a widely used local anaesthetic, has been shown to possess anti-
inflammatory and immunomodulatory properties with applications in surgery. During
a surgical procedure, inflammation is a natural response of the body, triggered by the
release of inflammatory mediators and the activation of the immune system. However, an
excessive response can lead to serious postoperative complications. Lidocaine modulates
inflammation through mechanisms beyond its anaesthetic action. It reduces the activation
of neutrophils and macrophages, decreases the release of pro-inflammatory cytokines and
prostaglandins, and preserves endothelial integrity, helping to control excessive inflam-
matory responses. Additionally, its perioperative use has shown benefits such as reduced
postoperative pain, lower opioid consumption, and faster intestinal recovery. Furthermore,
studies have suggested that lidocaine may have an anti-metastatic effect by inhibiting the
migration of tumour cells and the activation of inflammatory pathways related to cancer
spread. Although its use in surgery is promising, further research is needed to determine
optimal dosages and its long-term clinical impact.

Keywords: intravenous lidocaine; anti-inflammatory effect; immunomodulation; anaesthe-
sia and immune system; perioperative medicine

1. Introduction
Surgical procedures entail tissue injury and trauma, and exposure to commensal mi-

croorganisms, resulting in a local inflammatory response [1]. This response is characterised
by increased vascular permeability and blood flow, alongside the release of inflammatory
mediators [2]. In addition, patients are subjected to invasive techniques such as venous
cannulation or orotracheal intubation, which can trigger inflammatory reactions at sites
distant from the surgical field. The release of both pro-inflammatory and anti-inflammatory
mediators, and the ensuing immune response, will ultimately determine the outcome of this
process. However, it is not possible to predict which patients will develop inflammation-
related complications, nor are there specific therapeutic strategies capable of preventing
their occurrence.

The degree of inflammation associated with each surgical procedure varies depending
on the extent of physical trauma, microbial exposure, and patient-specific factors such as
age and comorbidities [1]. Moreover, factors such as ischaemia–reperfusion injury, tissue
hypoxia, transfusion of blood products, and mechanical ventilation may further exacerbate
the inflammatory response [3]. Postoperatively, an excessive innate immune response or
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an insufficient adaptive response may lead to significant morbidity and mortality [1]. It
is therefore essential to develop and implement strategies that modulate the inflamma-
tory response associated with surgery. Current approaches include minimising surgical
trauma, reducing operative time, and administering drugs with anti-inflammatory and
immunomodulatory properties, such as lidocaine [3].

Although the anti-inflammatory and antitumour properties of lidocaine have been
extensively documented in numerous in vitro and in vivo studies, the underlying mech-
anisms remain incompletely understood. When administered intravenously in the peri-
operative setting, lidocaine has been shown to reduce opioid requirements, postoperative
pain, paralytic ileus, and hospital length of stay. However, its role in modulating the in-
flammatory and immune response to surgery remains unclear. Existing evidence is limited
by variability in surgical procedures, dosing regimens, and duration of treatment. Conse-
quently, there is a significant knowledge gap concerning the mechanisms and potential
clinical benefits of its anti-inflammatory and immunomodulatory actions. Addressing this
gap is crucial, as it may contribute to the reduction in postoperative complications related
to local and systemic inflammation—such as surgical site infections, sepsis, anastomotic
dehiscence, cardiorespiratory complications, and even tumour recurrence or metastasis in
oncological patients [3].

To guide the reader through the main themes of this narrative review, a summary of
the key points is provided in Table 1.

Table 1. Summary of key points.

Background

Surgical procedures and associated invasive techniques trigger an inflammatory
response, which, although necessary to some extent, can lead to serious postoperative
complications if excessively activated. These complications may include sepsis,
anastomotic dehiscence, and cardiopulmonary events, among others. Lidocaine has
been shown in multiple in vitro and in vivo studies to modulate the immune system
and attenuate the inflammatory response associated with surgical trauma.

Methodology

A literature search was conducted using PubMed databases. The search strategy
included the following terms: (anti-inflammatory effect) AND (lidocaine) and
(systemic inflammation) AND (lidocaine). The following filters were applied: reviews,
systematic reviews, clinical trials, and meta-analyses published within the last 10
years. Relevant studies cited in the bibliographies of key selected articles were also
included.

Results

Perioperative intravenous administration of lidocaine has been shown in multiple
studies to reduce postoperative pain, opioid consumption, paralytic ileus, and length
of hospital stay, particularly in abdominal surgery, where it has been most extensively
studied. In spinal and breast surgery, lidocaine has demonstrated efficacy in reducing
chronic postoperative pain for up to three months. Furthermore, it appears to reduce
the intraoperative dissemination of tumour cells during oncological procedures and
modulates the immune system by promoting tumour cell apoptosis and cell cycle
arrest.

Conclusions

Intravenous lidocaine shows promising potential as an immunomodulatory agent in
surgical settings. However, further research is needed to establish optimal dosing
regimens, determine the appropriate duration of administration, and assess its clinical
impact in both the short and long term.

2. Methodology
A narrative review was conducted instead of a systematic review due to the com-

plexity and breadth of the topic. The anti-inflammatory and immunomodulatory effects
of lidocaine have been investigated across a wide range of contexts—including animal
models, in vitro studies, clinical trials, and observational studies in various clinical settings—
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resulting in a highly heterogeneous body of literature in terms of objectives, study design,
and methodological quality. This heterogeneity poses significant challenges to the applica-
tion of the strict selection criteria required for a systematic review.

The narrative review approach enables a broader and more critical integration of
the available findings, highlighting pathophysiological mechanisms, emerging clinical
hypotheses, and potential therapeutic implications. This type of review is particularly
valuable in areas where the current evidence is insufficiently uniform to support meta-
analysis, and it aims to provide a comprehensive synthesis that may inform future research
and support clinical decision-making.

A literature search was conducted using the Medline and PubMed databases. The
search strategy included the following terms: (anti-inflammatory effect) AND (lidocaine)
and (systemic inflammation) AND (lidocaine). The following filters were applied to refine
the search: review, systematic review, clinical trial, and meta-analysis, with a publication
window limited to the last 10 years. In addition, studies referenced in the bibliographies of
key selected articles were included due to their relevance and significance.

3. Review of the Evidence
3.1. Inflammation and Surgery

Surgical procedures trigger a complex cascade of inflammatory events mediated by
the release of damage-associated molecular patterns (DAMPs), which are endogenous
molecules acting as danger signals to the immune system. These signals are recognised by
Toll-like receptors (TLRs) expressed on the surface of endothelial, somatic, and haematopoi-
etic cells, leading to the activation of immune cells such as neutrophils and monocytes.
This process promotes the expression of adhesion molecules, cellular recruitment, and the
release of pro-inflammatory mediators, forming an initial inflammatory response aimed at
restoring tissue homeostasis. The vascular endothelium, traditionally viewed as a passive
barrier, plays an active role as a sensor and integrator of inflammatory signals. In response
to pro-inflammatory cytokines, endothelial cells amplify the immune response via tran-
scriptional activation, de novo protein synthesis, and the expression of adhesion molecules
and tissue factors [4].

Although a moderate inflammatory response is essential for tissue repair and infection
control, excessive immune activation may be harmful. Such responses have been associated
with organ dysfunction (e.g., renal, pulmonary), postoperative infections, delirium, and
pain, all of which contribute to increased morbidity and prolonged hospital stay. More-
over, certain cytokines—such as IL-1RA, IL-4, and IL-10—foster immunosuppression by
inhibiting effector cell activity, thereby increasing susceptibility to infection and facilitating
tumour persistence or dissemination during the postoperative period [5].

Among the various factors that intensify the inflammatory response, surgical duration
is one of the most influential, as peak cytokine release typically occurs at the end of the
procedure and is independent of preoperative levels [6]. Additionally, perioperative factors
such as mechanical ventilation with high tidal volumes (10–12 mL/kg) can induce the
release of inflammatory mediators such as TNF-α and IL-8 [7]. An excessive inflammatory
response may culminate in an uncontrolled cytokine surge—commonly referred to as
a “cytokine storm”—contributing to cell death and multiorgan damage, as observed in
conditions such as ischaemia–reperfusion injury and SARS-CoV-2 infection [8].

Endothelial damage associated with systemic inflammation involves the generation of
reactive oxygen species (ROS), degradation of the glycocalyx, and enhanced recruitment of
immune cells, perpetuating a vicious cycle that sustains the inflammatory state. Immune
activation may also be driven by pathogen-associated molecular patterns (PAMPs) in
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cases of surgical infection. Due to structural similarities between PAMPs and DAMPs, the
immune system may struggle to distinguish sterile surgical injury from active infection [4].

Even minimally invasive procedures elicit a local inflammatory response. The skin
acts as a reservoir of chemokines, and its manipulation leads to the simultaneous release
of pro- and anti-inflammatory cytokines. Experimental mouse models have shown that
the nature of the haemorrhage and the type of tissue injury are key determinants of the
resulting immune profile [4,9]. A paradigmatic example is ischaemia–reperfusion injury,
as occurs during vascular clamping or organ transplantation, where endothelial oedema,
ROS generation, glycocalyx disruption, neutrophil infiltration, and eventual apoptosis and
necrosis of renal tubular cells further amplify the inflammatory response [4].

Among the most relevant DAMPs released in the surgical setting are the S100 proteins
and high mobility group box 1 (HMGB1) protein. These are recognised by a variety
of pattern recognition receptors (PRRs), including mannose-binding lectin (MBL), TLRs,
and receptors for advanced glycation end-products (RAGEs), and their elevated plasma
concentrations have been correlated with the extent of surgery-induced inflammation [4].

3.2. Immunomodulatory and Antimetastatic Effects of Lidocaine

Surgery remains a cornerstone in cancer treatment; however, paradoxically, it may also
promote biological processes that contribute to tumour recurrence and metastatic spread. In
a study involving patients undergoing mastectomy for breast cancer, two peaks of disease
recurrence were identified: an early peak at 18 months and a later one at 60 months. While
the latter likely reflects the natural course of oncological progression, the early recurrence
has been associated with the intraoperative release of viable tumour cells [10].

During surgical intervention, the release of inflammatory mediators such as
prostaglandins, cytokines, and catecholamines can induce transient immune dysfunc-
tion, particularly affecting Natural Killer (NK) cells, which play a central role in eliminating
circulating tumour cells. In addition, increased levels of pro-angiogenic and tumour-
promoting factors—such as vascular endothelial growth factor (VEGF) and transforming
growth factor-beta (TGF-β)—have been reported. Furthermore, the manipulation and
resection of the primary tumour may facilitate the dissemination of malignant cells and the
establishment of distant metastatic foci [11].

In this context, amide-type local anaesthetics such as lidocaine and ropivacaine have
been proposed to exert immunoprotective and antimetastatic effects. Several studies have
demonstrated their ability to modulate endothelial inflammatory responses, preserve
vascular integrity, and thereby reduce tumour cell extravasation. These agents may also
inhibit neutrophil migration—an important mechanism given that tumour cells can exploit
neutrophil adhesion, mediated by intercellular adhesion molecule-1 (ICAM-1), to traverse
the endothelium more easily [11].

At the molecular level, there is significant overlap between inflammatory pathways
and those involved in tumour progression. A key element is the Src tyrosine kinase, whose
activation by cytokines such as TNF-α compromises endothelial barrier integrity, facilitating
tumour cell migration, invasion, and extravasation [11]. Lidocaine and ropivacaine have
been shown to inhibit Src activation and ICAM-1 phosphorylation in tumour cells. An
in vitro study demonstrated that incubating lung cancer cells with TNF-α in the presence
of these anaesthetics (1 nM–100 µM) significantly reduced cell migration, suggesting a
mechanism of action independent of their sodium channel-blocking effects, traditionally
associated with anaesthesia [12].

Beyond their impact on the endothelium and immune response, lidocaine has shown
direct cytotoxic effects on various tumour cell lines. It has been reported to induce apoptosis
and inhibit proliferation in models of breast cancer [13], pulmonary adenocarcinoma [14],
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thyroid cancer [15], and hepatocellular carcinoma [16]. In murine models, lidocaine admin-
istration has also reduced the growth of subcutaneous human hepatocellular carcinoma
tumours, exerting effects comparable to cisplatin and enhancing tumour sensitivity to it,
through apoptosis induction and G0–G1 phase cell cycle arrest [17]. These findings support
the hypothesis that lidocaine could serve as a therapeutic adjunct in oncological surgery.

Although clinical evidence remains inconclusive, several studies have explored the
impact of anaesthetic technique and local anaesthetic use on cancer outcomes. In breast
surgery, for instance, regional anaesthesia using local anaesthetics has been proposed to
offer advantages over opioid-based approaches. One study in oestrogen receptor-negative
breast cancer patients reported increased tumour cell apoptosis in those receiving propofol
and paravertebral block compared to those treated with sevoflurane and opioids [18].

3.3. Anti-Inflammatory Effect of Lidocaine

Intravenous administration of lidocaine during the intraoperative period has been
shown to reduce systemic inflammatory responses, with effects that persist beyond its
half-life and metabolism to inactive forms [5]. At the usual doses used in the perioperative
setting, the plasma concentrations reached exert minimal blockade of sodium channels,
suggesting that its anti-inflammatory and immunomodulatory effects stem from additional
molecular mechanisms that are yet to be fully defined [3].

Several studies have demonstrated that lidocaine modulates leukocyte function, sup-
pressing their activation, migration, and adhesion, and the release of inflammatory media-
tors, such as superoxide anions, prostaglandins, interleukins, gamma interferon (IFN-γ),
tumour necrosis factor alpha (TNF-α), and beta (TNF-β) [5]. Some of these findings are
not recent; as early as the 1980s, studies observed that lidocaine inhibited the activation
and adhesion of polymorphonuclear cells in animal models [19,20]. At the cellular level,
its action appears to be mediated by interference with membrane ion transporters and
alteration of intracellular pH, which contributes to the inhibition of cytokine release [2].

A recent meta-analysis confirmed that intravenous administration of lidocaine in elec-
tive surgery reduces levels of IL-6, IL-1RA, CRP, and TNF-α, especially in open surgery [5].
Furthermore, it has been reported that doses of 1.5 mg/kg/h reduce concentrations of
pro-inflammatory cytokines and alter the expression of microRNA (miRNA), non-coding
molecules involved in the post-transcriptional regulation of processes such as apoptosis
and inflammation [21].

From a biochemical perspective, it has been demonstrated that lidocaine inhibits
the biosynthesis of prostaglandins and thromboxane B2, both derived from arachidonic
acid metabolism through the action of phospholipase A2 and cyclooxygenase [22,23].
This action could explain, at least in part, its beneficial effect on platelet aggregation and
thrombotic risk [24,25]. The inhibition of prostaglandins has also been proposed as a
mechanism responsible for the analgesic and anti-inflammatory effects observed in burn
patients treated with lidocaine [26,27], and it has been described that lidocaine modulates
the activity of phospholipase A2 in a dose-dependent manner, inhibiting its activity at high
concentrations and increasing it at low concentrations [28].

In experimental models of lung injury, lidocaine has demonstrated anti-inflammatory
and cytoprotective effects mediated by modulation of the MAPK signalling pathway, which
is involved in extracellular and intracellular signal transduction [29]. In pigs subjected
to one-lung ventilation and pulmonary resection surgery, a reduction in the release of
inflammatory mediators, cellular apoptosis, and pulmonary oedema was observed 24 h
postoperatively, without compromising haemodynamics or oxygenation [30].
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Furthermore, lidocaine appears to interfere with the activation of hypoxia-inducible
factor 1-alpha (HIF-1α), which regulates genes involved in cellular responses to hypoxia,
angiogenesis, and tumour dissemination [31].

Via the intrathecal route, lidocaine has also demonstrated anti-inflammatory effects. In
murine models, it increased the pain threshold and inhibited microglial activation, which
was associated with a higher expression of SOCS3, a protein that regulates cytokine sig-
nalling [32]. This effect seems to contribute to the potentiation of opioid-induced analgesia
and the reduction in opioid tolerance by upregulating the same SOCS3 molecules [33].
In another study involving rats, systemic administration of lidocaine prior to exposure
to kainic acid—a neurotoxic glutamate analogue—reduced neuronal death, microglial
activation, and the expression of IL-1β, IL-6, and TNF-α [34]. These findings may correlate
with the clinical results from a trial in which patients treated with intraoperative lidocaine
experienced less postoperative cognitive decline and better scores on the Mini-Mental State
Examination [35].

The main actions of intravenous lidocaine are summarised in Figure 1.

3.4. Pharmacokinetics, Dosing, and Toxicity

The pharmacokinetic properties of lidocaine have been well characterised in the con-
text of its use as an antiarrhythmic. Following intravenous administration, it is rapidly
distributed (distribution half-life of 5 to 8 min) following a multi-compartment model, with
an initial phase towards highly perfused organs and a second phase towards peripheral
tissues [36]. Its hepatic metabolism, mediated by cytochrome P450, and its high hepatic
extraction ratio (70%) make hepatic blood flow a critical determinant of its clearance. The
half-life in healthy adults ranges from 80 to 110 min. The active metabolites, monoethyl-
glycinexylidide and glycinexylidide, have a lower potency than the original molecule;
however, the former retains antiarrhythmic activity and a potential convulsant effect [37].
Lidocaine binds to α1-acid glycoprotein in an inverse proportion to its plasma concentra-
tion, complicating the definition of a precise toxic threshold, as only the free fraction is
pharmacologically active. Clinically, the administration of an initial bolus is essential to
rapidly reach therapeutic plasma concentrations; without this, continuous infusion may
take hours to achieve effective levels [36].

Perioperative intravenous administration of lidocaine is typically performed with an
initial bolus of 1 mg/kg, followed by continuous infusion at a rate of 0.5 to 3 mg/kg/h,
with 2 mg/kg/h being the most studied and commonly used in clinical practice. This
regimen achieves plasma concentrations of approximately 2 µg/mL, sufficient to modulate
the sympathetic response to surgical stress, reduce pain, and decrease the requirements for
inhalational agents and opioids [38]. If intravenous infusion is maintained beyond 24 h,
a decrease in the clearance of lidocaine may occur due to hepatic enzyme saturation and
competition with its active metabolites for binding sites. Therefore, it is recommended to
adjust the dosage based on total body weight and consider reducing the infusion rate after
24 h to avoid systemic toxicity [36].

Lidocaine toxicity is due to its blocking action on sodium channels and, to a lesser
extent, potassium channels, affecting both the central nervous system and the cardiovas-
cular system. The initial signs of toxicity are typically neurological and include a metallic
taste, dizziness, tinnitus, and paraesthesia. In more severe cases, seizures, arrhythmias, and
cardiac arrest may occur [36]. Although its cardiotoxic profile is more favourable than that
of bupivacaine, at concentrations greater than 10 µg/mL, it may prolong the PR interval,
widen the QRS complex, and induce bradycardia and hypotension. Toxicity manifesta-
tions in the central nervous system are generally observed from plasma concentrations of
5 µg/mL, with seizures becoming more frequent when exceeding 15 µg/mL, originating
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in the amygdala and rapidly generalising. No increased risk of lidocaine-induced seizures
has been observed in patients with a history of partial seizures compared to the general
population [39].

It is essential to individualise the dose of lidocaine in special populations with altered
metabolism or distribution, as this may increase the risk of toxicity. In patients with
advanced hepatic cirrhosis (Child C), the dose should be reduced by half due to reduced
hepatic blood flow. In cases of severe renal insufficiency, it should be considered that
the elimination half-life may double. In elderly individuals, the volume of distribution is
reduced; therefore, the loading dose should be adjusted to body weight, and the intravenous
infusion rate should be reduced by 35%. In obese patients, due to the increased volume of
distribution associated with body weight, it is suggested that the loading dose be calculated
based on actual body weight, with continuous infusion adjusted according to ideal body
weight [36].

Actions of 
lidocaine

Anti-inflammatory

Inhibition of leucocyte 
activation, migration, 

and adhesion

Decreased 
inflammatory 

mediators (TNF-α, IFN-
gamma)

Inhibition of cytokine 
release

Modulation of 
phospholipase A2

Antimetastatic

Inhibition of Src 
protein activation

Inhibition of ICAM-1 
phosphorylation

Induction of apoptosis 
and cell cycle arrest

Sensitisation to 
chemotherapy 

treatment

Analgesic

Modulation of 
peripheral nerve 

activity

Inhibition of 
inflammatory 

mediator release

Effect on NMDA 
receptors

Reduction of central 
pain at cortical and 
subcortical levels

Anesthetic

Blockade of voltage-
gated sodium channels

Reduction of 
neurotransmitter 

release

Antiarrythmic

Sodium channel 
blockade

Decreased ventricular 
automaticity

Shortens the action 
potential in ventricular 

tissues

Stabilization of cardiac 
cell membranes

Figure 1. Diagram of the actions of systemic lidocaine.

3.5. Abdominal Surgery

The pain associated with abdominal surgery results from a combination of somatic
(skin incision) and visceral (mechanical traction, inflammation, ischaemia, and nerve
injury) stimuli, which justifies the benefit and effectiveness of multimodal analgesia in
this type of surgery [3]. In this context, perioperative intravenous administration of li-
docaine has demonstrated beneficial effects in multiple studies, mainly attributed to its
anti-inflammatory action, although questions remain regarding the optimal dose and the
ideal duration of treatment [40].

In patients undergoing elective laparoscopic cholecystectomy, lidocaine administered
both intraperitoneally and intravenously has been shown to significantly reduce post-
operative pain and opioid consumption [40]. In fact, patients treated with intravenous
lidocaine had better pain control compared to those receiving diclofenac and paraceta-
mol [41]. Furthermore, its combination with dexmedetomidine and propofol provides an
effective alternative for pain management, especially in patients at a high risk of postopera-



J. Clin. Med. 2025, 14, 3883 8 of 13

tive nausea and vomiting [42]. However, some studies have not demonstrated significant
clinical benefits, despite observing a reduction in inflammatory markers such as IL-1, IL-6,
TNF-α, and IFN-gamma. In these cases, no differences were found in opioid consumption,
the occurrence of paralytic ileus, pain intensity, or hospital stay [43].

In colorectal and major abdominal surgery, intravenous lidocaine has shown efficacy
comparable to epidural analgesia with local anaesthetics in terms of pain control, reduced
opioid consumption, prevention of paralytic ileus, and decreased hospital stay [44–46]. It
has also demonstrated superiority over transversalis fascia block, possibly due to its anti-
inflammatory effect and its ability to reduce postoperative nociceptive hypersensitivity [47].

In the context of bariatric surgery, intravenous lidocaine administered perioperatively
has been effective in reducing opioid consumption during the first 24 h [48], improving anal-
gesia, reducing the incidence of postoperative ileus, and decreasing nausea and vomiting,
partly due to reduced opioid use [49–51].

3.6. Genitourinary Surgery

Intravenous lidocaine administered during the perioperative period has shown benefi-
cial effects in the context of genitourinary surgery. In patients undergoing radical retropubic
prostatectomy, its use has been associated with a significant reduction in postoperative pain,
opioid consumption, and hospital stay, as well as faster recovery of intestinal function [52].
In open renal surgery, a decrease in intraoperative requirements for isoflurane and remifen-
tanil was also observed [53]. However, these effects were not found in laparoscopic renal
surgery, with no significant benefits identified [54].

3.7. Gynaecological and Obstetric Surgery

In gynaecological surgery, the effects of intravenous lidocaine appear to depend on the
type of surgical approach. In laparoscopic procedures, such as total hysterectomy, various
clinical trials have shown improved pain control and reduced opioid consumption [55,56].
However, these effects have not been consistently observed in open gynaecological surgery,
suggesting that the beneficial effects of lidocaine may be conditioned by the lesser tissue
trauma and inflammatory response associated with minimally invasive surgery.

In obstetric practice, a randomised clinical trial evaluated the impact of intravenous
lidocaine during elective caesarean sections, observing a reduction in the maternal stress
response, as measured by plasma cortisol levels, and a lower elevation in heart rate and
blood pressure following the administration of a 1.5 mg/kg bolus, followed by a continuous
infusion at the same dose for one hour. No neonatal adverse effects were observed, as
Apgar scores and acid–base balance values were similar between the intervention and
control groups. Despite these promising results, current evidence remains limited, and
routine use in this population is not recommended without further studies supporting its
safety and efficacy [57].

3.8. Breast Surgery

In the context of breast surgery, current evidence indicates that perioperative in-
travenous administration of lidocaine does not confer significant short-term benefits in
patients undergoing total mastectomy. Placebo-controlled studies have not demonstrated
relevant differences in opioid consumption, postoperative pain control, incidence of nausea
and vomiting, or length of hospital stay [58]. However, a significant reduction in chronic
postmastectomy pain has been observed at 3 and 6 months postoperatively in patients who
received lidocaine, suggesting a potential long-term benefit [59,60].
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3.9. Cardiac Surgery

In cardiac surgery, a clinical trial evaluated the effect of lidocaine on intraoperative
cerebral inflammation in patients undergoing cardiopulmonary bypass. The results showed
a reduction in the transcranial activation of platelet–monocyte conjugates following aortic
unclamping, suggesting modulation of the cerebral inflammatory response induced by
extracorporeal circulation [61].

3.10. Thoracic Surgery

Perioperative intravenous lidocaine has shown efficacy in postoperative pain control
and reduced morphine consumption in thoracic surgery, constituting a valid alternative for
patients in whom thoracic epidural analgesia is contraindicated or not feasible [62]. These
findings have also been reported in patients undergoing pulmonary resection surgery [63].
However, in the case of video-assisted thoracoscopic surgery (VATS), no clinically relevant
benefits have been observed compared to placebo in terms of postoperative pain, incidence
of nausea and vomiting, or duration of stay in the Post-Anaesthesia Care Unit [64].

3.11. Hip and Spine Surgery

In hip surgery, intravenous lidocaine has not demonstrated significant advantages
compared to placebo [65]. Conversely, more promising results have been described in
major spinal surgery, where its administration has been associated with a significant
reduction in pain and a sustained improvement in quality of life at one and three months
postoperatively [66]. This suggests a potential long-term benefit, similar to that observed
in chronic postmastectomy pain [59,60].

4. Limitations
This narrative review has several limitations that should be considered when inter-

preting its findings. While the narrative approach allows for a broader exploration of the
topic, it does not follow a predefined or standardised protocol, limiting the reproducibility
of the search strategy and selection of included studies. Likewise, there is an inherent risk
of author bias in the selection, organisation, and interpretation of the literature, which may
have influenced the emphasis placed on certain aspects of the topic.

Furthermore, the methodological quality and risk of bias of the included studies were
not formally or systematically assessed, potentially affecting the robustness of the evidence
presented. The inclusion of highly heterogeneous studies—such as in vitro research, animal
models, and clinical trials with varying designs and populations—makes direct comparison
of the results challenging and limits the ability to draw conclusions applicable to routine
clinical practice. While preclinical studies contribute valuable insight into underlying
pathophysiological mechanisms, their findings are not always translatable to humans.
Despite these limitations, this review offers an integrated and critical overview of the
current knowledge on the effects of intravenous lidocaine on the inflammatory response
and immune modulation in the surgical context, and may serve as a foundation for future
systematic investigations.

5. Conclusions
Lidocaine has demonstrated anti-inflammatory, immunomodulatory, and antitumour

properties in numerous in vitro and in vivo studies. Its perioperative intravenous adminis-
tration has been shown to reduce postoperative pain, opioid consumption, paralytic ileus,
and hospital stay across various surgical settings, with the most robust evidence emerging
in abdominal surgery. Despite these promising findings, the variability in effects depending
on surgical type, dosage, and patient characteristics suggests that further clinical studies are
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needed to more precisely define the optimal dosing regimens and duration of administra-
tion, and ultimately, to develop standardised protocols that maximise therapeutic benefits
while minimising the risk of toxicity [5].
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