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Abstract

Lidocaine is an amide local anaesthetic initially used intravenously as an antiarrhythmic agent. At some point it was proposed
that intravenous lidocaine (IVL) had an analgesic effect that could be potentially beneficial in perioperative settings. Since
these preliminary reports, a large body of evidence confirmed that IVL had anti-inflammatory and opiate-sparing effects, a
combination of characteristics leading to an array of effects such as a decrease in postoperative pain and opiate consump-
tion, and a reduction in the duration of digestive ileus. Additional studies demonstrated IVL to possess antithrombotic,
antimicrobial and antitumoral effects. Beneficial effects of IVL have been characterized in abdominal surgery but remain
controversial in other types of surgeries. Because the quality of evidence was limited, due to inconsistency, imprecision
and study quality, recent conclusions from meta-analysis pooling together all types of surgery stated the uncertainty about
IVL benefits. Additional indications such as the prevention of propofol-induced injection pain, prevention of hyperalgesia,
protection against bronchial reactivity by bronchotracheal relaxation during surgery, and the increase in depth of general
anaesthesia have since emerged. IVL is rapidly distributed in the body and metabolized by the liver. With the commonly
recommended doses, lidocaine’s therapeutic index remains very high and the plasma concentrations stay largely below the
cardiotoxic and neurotoxic threshold levels, a notion that may be used by clinicians to draw conclusions on the benefit-risk
profile of IVL in comparison to other analgesic strategies. The purpose of this review is to address the pharmacokinetic and
pharmacodynamic properties of lidocaine in healthy and pathological conditions.

Key Points

Intravenous lidocaine (IVL) has many properties that can
be beneficial when used in a perioperative setting.

The clinical efficacy of IVL seems especially clear in
abdominal surgery where it may reduce pain intensity
and accelerate postoperative recovery. Benefits in other
types of surgeries are uncertain.

Knowledge of the pharmacokinetic properties of IVL
will lead to its safer use within the perioperative period
and help clinicians draw conclusions on its benefit-risk
profile in comparison with other analgesic strategies.
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approval for human use was launched in 1948 in Swe-
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effects of perioperative intravenous lidocaine (IVL) were
initially proposed in 1951 [2]; subsequently many more
enthusiastic reports followed. Postoperative formal clini-
cal evaluations in the perioperative setting were conducted
in the late 1950s where IVL was demonstrated to have a
postoperative analgesic effect without posing the risk of
respiratory depression, reducing the occurrence of postop-
erative nausea and vomiting (PONYV), and helping patients
into a rapid course of post-surgical recovery [3]. IVL also
potentiated the depth of anaesthesia and led to a better
tolerance of endotracheal intubation in women who under-
went intraperitoneal pelvic procedures under thiopental/
nitrous-oxide/succinylcholine anaesthesia [4]. Since these
preliminary reports, more than 2000 papers have been pub-
lished on the topic, contributing enormously to our under-
standing of lidocaine. Meanwhile, the development of new
intravenous and volatile anaesthetic agents, with improved
pharmacological practicality and patient tolerance pro-
files, has pushed aside the use of lidocaine in the general
perioperative setting. With a rise in the concept of ‘day-
surgery’ and high expectations from Enhanced Recovery
After Surgery programs (ERAS), IVL can play a pivotal
role [5]. For example, studies with a moderate quality of
evidence show that patients undergoing abdominal surgery
and receiving IVL infusion may have lower relative pain
scores, less postoperative analgesic requirements, lower
incidence of nausea and faster recovery of bowel function
[6]. Concomitantly, due to its analgesic properties, [VL
can be expected to lead to a reduction in opiate-related
side effects that may hamper the post-surgical recovery
process [7, 8]. Finally, lidocaine infusion is a technique
that can assist in further development of ‘opiate-free
anaesthesia’, although its relative contribution remains to
be investigated [9, 10].

Despite accumulating data from clinical trials and rec-
ommendations by expert consensus groups, IVL remains
underutilized. A recent survey with French university hos-
pital abdominal surgery departments indicated that only
64% were using IVL to improve postoperative pain and
recovery [11]. This value is probably even lower in other
European neighbouring countries. Insufficient knowledge
on the basic pharmacology and properties of IVL are
among the principal factors that restrain a greater adop-
tion of IVL into common surgical practice. Furthermore,
several authors have reiterated the rather off-label use of
IVL in the perioperative setting [11, 12], suggesting a need
for further analysis of the obstacles that hinder its use in
common practice.

The purpose of this review is to provide a practical guide
on lidocaine’s pharmacokinetic and pharmacodynamic prop-
erties relevant to clinical settings, to ultimately highlight
indications for proper use of IVL within the perioperative
period.
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2 Pharmacokinetics

Chemically, lidocaine is a 2-diethylaminoaceto-2’,
6'-xylidide, with the empirical molecular formula of
C,4H,,N,0 and a molecular mass of 234.3 g/mole (Fig. 1).

2.1 Overview

Pharmacokinetic properties are historically derived from
studies using IVL as an antiarrhythmic agent [1, 13]. In this
setting, lidocaine plasma concentrations between 1.4 ug/ml
and 6.0 pg/ml are considered safe and effective. In healthy
volunteers, the average dose associated with the occurrence
of neurological symptoms (such as the risk of convulsions)
is about 8 mg/kg [14, 15], corresponding to a plasmatic
value of about 15 pg/ml [16]. First signs of cardiotoxicity
were observed at plasma concentrations above 21 pg/ml [1].

Plasma concentrations of lidocaine decline biexponen-
tially after its intravenous administration, suggesting a
multicompartment model of lidocaine disposition into dif-
ferent organs [1, 17]. With a distribution half-life (¢,,a)
of 5-8 min, the distribution starts from the vascular com-
partment into the peripheral tissues, passing first through
highly perfused areas (heart, lung, liver, spleen), to the less
perfused areas (muscles and adipose tissue). Post-mortem
studies have subsequently demonstrated a three times higher
blood concentration of lidocaine in the brain and the heart
a few minutes post intravenous injection, relative to other
organs [18, 19]. Autoradiography with labelled lidocaine
in rats indicates that approximately one-third of lidocaine
accumulates in the liver 15 min post-injection [20]. The
elimination half-life (¢;,5) is between 80 and 110 min in
healthy adults, predominantly via the hepatic route. After
intravenous injection in mammalians, lidocaine accumulates
in endocrine cells such as the pancreatic islets, the pituitary
gland, the thyroid and the adrenal medulla [21].

Lidocaine has a high hepatic extraction ratio (approxi-
mately 70%), explaining a metabolic rate more dependent on
liver blood flow than on liver metabolic capacity, and there-
fore an adequate liver blood flow is pivotal for its efficient
metabolism. Approximately 90% of lidocaine is metabolized
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Fig. 1 Molecular structure of lidocaine

CHj



Perioperative Use of Intravenous Lidocaine

1231

in the liver by oxidative deethylation (dealkylation) to
monoethylglycinexylidide (MEGX), which is further de-
ethylated to glycinexylidide (GX). The latter is hydrolyzed to
xylidine and then oxidized to 4-hydroxy-xylidine, the main
metabolic by-product found in urine. The cytochrome P450
system is involved in this transformation (mainly CYP3A4,
and CYP1AZ2 to a lesser extent) [22]. Hence, inhibiting the
CYP3A4 enzyme with erythromycin, for example, leads to
a 20% reduction in lidocaine clearance, with a concomitant
elevation of MEGX concentration [23]. MEGX concentra-
tion analysis post-lidocaine administration is, thus, a method
used to evaluate liver function [24]. In healthy young adults,
the MEGX concentration at the end of a steady-state long
duration continuous infusion of lidocaine is between 15 and
35% of that of lidocaine [15, 18].

MEGX exhibits pharmacological properties comparable
to those of lidocaine but with a less potency (about 80-90%
of its antiarrhythmic and anticonvulsant potencies) [25].
The clearance rate of MEGX is slightly lower than that of
lidocaine’s and its distribution volume is slightly higher,
resulting in a longer total clearance (¢, ~2.3-2.8 h) [25].
Lidocaine and its metabolites are finally excreted predomi-
nantly by the kidneys. GX has a lower clinical significance
than the other metabolites and is rapidly eliminated in the
urine. Less than 10% of lidocaine is excreted unchanged in
the urine. The involvement of other organs in the metabolism
of lidocaine cannot be completely ruled out. Some studies
have suggested that the CYP3A4 enzyme in the lung could
also be involved in lidocaine metabolism [26].

The concentration of protein-bound lidocaine in the
plasma is inversely proportional to the drug concentration,
being 40% at a drug concentration of 10 ug/ml, and 90% at
a drug concentration of 3 ug/ml [1, 27]. For a given lido-
caine concentration, the binding fraction is linearly depend-
ent on the plasma levels of the postoperative acute phase
reactant alpha-1-acid—glycoprotein (AAG) [1, 13, 15, 27].
In a virtual situation without AAG, binding is approximately
20%, mostly related to serum albumin. Because the unbound
fraction of lidocaine represents the toxic form, prediction
regarding the toxicity threshold becomes difficult [15]. Other
factors can influence the toxicity threshold of lidocaine, for
example, in a clinical setting; haemodilution increases the
relative free unbound fraction due to a lower serum protein
concentration, decreasing the toxicity threshold. Lidocaine is
also bound to red blood cells to a certain extent, but anaemia
by itself does not change the binding of lidocaine [28].

When used as an antiarthythmic drug, lidocaine’s efficacy
depends on maintenance of the therapeutic plasma concen-
tration [13]. Therefore, the administration of a single load-
ing dose of lidocaine can result in transient arrhythmia sup-
pression, which dissipates rapidly as plasma concentrations
fall below the therapeutic levels. Institution of a continu-
ous intravenous infusion immediately after the bolus dose

replaces the drug removed by hepatic metabolism, allowing
for a steady plasma concentration. In the absence of a load-
ing dose, achievement of a therapeutic steady-state plasma
concentration takes more than 60 min [29].

The duration of infusion can decrease the clearance rate
of lidocaine due to enzymatic saturation and competitive
binding with other lidocaine’s active metabolites (MGEX),
leading to a slower lidocaine clearance rate relative to time.
The clearance rate seems to be mostly affected after 24 h of
continuous infusion, a phenomenon confirmed by clinical
trials [30]. Therefore, lidocaine infusions should be dosed
per total body weight and decreased after 24 h to avoid over-
dosage and toxicity.

To maintain a steady-state plasma concentration, the
following recommended dose is suggested: a loading intra-
venous bolus of 1.0-1.5 mg/kg of lidocaine followed by a
continuous infusion of 50 pg/kg/min (3.0 mg/kg) for the first
hour, 25 pg/kg/min (1.5 mg/kg) for the second hour, 12 pg/
kg/min (0.7 mg/kg) for the next 22 h, and finally 10 pg/kg/
min (0.6 mg/kg) from 24 to 48 h [13, 30]. Although continu-
ous infusion might theoretically lead to toxicity over time,
lidocaine blood concentrations reported in clinical studies
remained below toxic levels (=5 pug/ml), except for cardiac
surgery trials in which higher doses were used for a longer
duration (Table 1). Interestingly, concentrations of serum
lidocaine remained quite similar or slightly lower than those
reported during its prolonged epidural administration [42,
43].

2.2 Specific Populations

Lidocaine’s elimination half-life is prolonged in patients
with cardiac failure, mainly due to a reduction in liver blood
flow [18], an important point to be taken into consideration,
especially in prolonged infusions.

No dose adjustment is necessary in patients with moder-
ate liver cirrhosis; however, the dose is recommended to
be halved in patients with severe cirrhosis (Child score C),
again mainly due to decreased hepatic blood flow [23].

Lidocaine clearance is linearly altered with kidney
impairment [44]. As expected, in severe renal insufficiency,
a reduction in lidocaine clearance was observed, leading to a
double elimination half-life in comparison with healthy sub-
jects. MEGX levels were independent of renal function, and
GX levels were more than twice those of controlled healthy
subjects. No such alterations were observed in patients
undergoing haemodialysis.

A significant increase in apparent distribution volume
was observed in the elderly population. Elderly patients
have a significantly longer elimination half-life compared
to younger patients (2.7 vs. 1.6 h). However, despite a
reduction in liver blood flow in the elderly population,
no changes in plasma metabolic clearance were observed
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[45]. For the elderly population, the initial loading dose
should be the same dose as for younger patients, but the
continuous infusion rate is recommended to be decreased
by approximately 35%.

In obese patients, clearance was markedly prolonged as
compared to non-obese patients [46]. This was primarily
due to an increase in the absolute volume of distribution,
corresponding to a higher body weight. Lidocaine loading
dose in the obese population should be calculated based
on the total body weight, but the continuous infusion rate
should be based on the ideal body weight.

Due to differences in body water distribution, blood
volume, body composition and drug binding affinities,
children absorb, distribute and eliminate medicinal prod-
ucts differently to adults. In this case, the AAG fraction is
lower in neonates and infants, explaining a higher unbound
fraction of lidocaine than in adolescents and adults [47].
However, lidocaine distributes in a relatively larger vol-
ume in neonates and infants than in adults, and as a result,
an initial high serum drug concentration is not observed
after a single injection [48]. Data on the pharmacokinet-
ics of IVL in children are limited. Early studies suggested
a quicker elimination rate than in adults [49]. However,
in a study with 10 children (aged 0.5-3 years) and eight
adults to determine lidocaine pharmacokinetics during
anaesthesia with halothane, nitrous oxide and oxygen, no
significant differences were reported between children and
adults for all parameters analysed when standardized for
body weight, suggesting that children older than 6 months
of age distribute and eliminate IVL in the same manner
as adults [50].

Finally, it should be noted that lidocaine crosses the
placenta and the blood-brain barrier by simple passive dif-
fusion. Lidocaine is also excreted in breast milk and the
clearance rate should be taken into consideration for breast-
feeding mothers to avoid toxicity in the breast-fed infant.

3 Properties

The main clinical properties of IVL are illustrated in Fig. 2.
Lidocaine acts mainly as a blocker of voltage-gated open and
inactivated sodium channels [51]. However, lidocaine has
additional molecular properties. It can block inward potas-
sium rectifier channels in cardiomyocytes and also interact
with acetylcholine and 5-hydroxytryptamine (SHT-3) recep-
tors [52]. The molecular effect depends on the concentration.
Low-dose lidocaine inhibits the glycinergic system, some
potassium channels and the Gag-coupled protein receptors.
Higher lidocaine concentrations block potassium and cal-
cium channels, as well as the N-methyl-p-aspartate (NMDA)
receptor [53].

3.1 Analgesic and Antihyperalgesic Properties

An analgesic effect is observed by systemic lidocaine affect-
ing both the peripheral [54] and the central nervous sys-
tem [55]. In healthy volunteers, pain intensity induced by
interdigital pinch stimulations is significantly reduced by
intravenous lidocaine [56]. However, this effect is of mod-
erate magnitude. The most important effect was the control
of pain after repeated stimulations, indicating a prevention
of hypersensitization and major anti-hyperalgesic effect of
IVL. Kawamata et al. showed that treatment with lidocaine
prior to a surgical incision reduced the excessive inputs
from the injured peripheral nerves, consequently suppress-
ing flare formation and secondary hyperalgesia through a
combination of peripheral and central mechanisms [57, 58].
It has also been shown that IVL inhibits the pain sensitiza-
tion induced by remifentanil infusion [59]. In an elegant
experimental model allowing differentiation between central
and peripheral components, it was shown that most of the
lidocaine effect was ascribed to central mechanisms [60].
The peripheral action, although of lesser magnitude than
the central component, has been characterized by use of
the lidocaine analogue QX-134, which does not cross the
blood-brain barrier [61].

The mechanism of action of systemic lidocaine for the
prevention of acute pain in the perioperative setting is still
not fully understood and is unlikely to be solely based on
the well-known sodium channel blockade effect [53, 62].
As mentioned above, lidocaine inhibits the glycinergic sys-
tem, some potassium and calcium channels, Gag-coupled
protein receptors and NMDA receptors. Serotonin receptors
are also involved because the 5-HT3 antagonist ondansetron
inhibits the sensory block induced by intrathecal lidocaine
[63]. Additionally, IVL may even act directly through opi-
ate receptor stimulation [64, 65]. Consistent with its local
anaesthetic effect, parenteral lidocaine was demonstrated to
be able to directly decrease excitability and conduction of
unmyelinated C fibres after various painful stimulations [54,
66, 67]. In addition, IVL is able to suppress polysynaptic
reflexes in the spinal dorsal horn [68]. Central anti-nocicep-
tive effects produced by systemically administered lidocaine
are mediated through an action on muscarinic and nicotinic
receptors, which consequently increase the intraspinal
release of acetylcholine, previously known to reinforce the
inhibitory descending pain pathway [69]. Additionally, inhi-
bition of the NMDA receptor appears to be a major trigger
for antihyperalgesic effects [70-72]. A reduction of direct or
synaptically driven NMDA and neurokinin receptor-medi-
ated post-synaptic depolarizations have been well demon-
strated [70-72]. Finally, lidocaine infusion may also have
analgesic effects at the cerebral level. Indeed, IVL has the
ability to depress the electrical potential elicited by sciatic
nerve stimulation in the mid-brain reticular formation [73].
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Fig.2 Pharmacological properties of lidocaine

3.2 Anti-Inflammatory Effects

The anti-inflammatory properties of lidocaine have been
well characterized [74, 75]. Lidocaine, as well as other
amide local anaesthetics, inhibits leukocyte activation and
adhesion to the site of injury in both in vitro and in vivo
models. Lidocaine protects cells from inflammation by
blocking the priming of neutrophils and therefore inhibiting
the release of superoxide anions [76, 77] and interleukin-
1B [78]. In animal studies, the injection of 1.5 mg/kg of
lidocaine reduced granulocyte adhesion in the exudate of a
sterile injured peritoneum by approximately 98%, compared
to 40% in methylprednisolone-treated animals [79]. After
cutaneous injection of live staphylococci, the skin showed

A\ Adis

moderate oedema with virtually no granulocyte infiltration
in the lidocaine-treated animals, whereas a major oedema
with pronounced granulocytes adhesion was observed in
the control group [79]. In an animal model of endotoxemia,
lidocaine pre-treatment significantly reduced leucocyte-
endothelial cell adhesion and endothelial fluid leakage [80].
Neutrophil adhesion and endothelial hyperpermeability was
also reduced by lidocaine, due to its inhibitory effect on the
TNFa signalling pathway, thereby reducing Src cascade
phosphorylation (a non-receptor tyrosine kinase protein that
regulates angiogenic factors and vascular permeability) [81].

Besides lidocaine’s effect on adhesion, lidocaine also
reduces activated leucocyte migration [77]. In human sur-
gical wounds, lidocaine was demonstrated to significantly
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decrease the leucocyte count up to 72 h post-surgery, com-
pared to the control group [82].

Lidocaine is involved in numerous anti-inflammatory
mechanisms, including through white blood cells such as
neutrophils and macrophages. The absence of voltage-gated
sodium channels on neutrophils and macrophages suggests
that IVL acts on these cells through a different mechanism
to sodium channels. So far, a Gprot-q-coupled signalling
pathway has been suggested as a mechanism of superoxide
anion production by activated neutrophils [83, 84]. Further-
more, protection of the endothelial cells during endotoxemia
is linked to a decrease in mitochondrial calcium overload
through activation of mitochondrial potassium-ATP chan-
nels [85].

From a clinical point of view, the anti-inflammatory
effect of lidocaine has been emphasized in several situa-
tions. Topical lidocaine is able to decrease the inflammatory
extravasation of blue Evans coloration from a hydrochloric
acid-induced peritonitis [86]. In a murine model of septic
peritonitis, lidocaine (mean plasma level of 2.25 uM/I)
prevents kidney and liver dysfunction and improves sur-
vival [87]. In this experiment, pro-inflammatory markers
such as TNF-a remained at low levels in the IVL group,
not different from those in control aseptic animals. In this
study, the intracellular adhesion molecule (ICAM-1) and
the monocyte chemoattractant protein (MCP-1) were also
significantly reduced in the lidocaine group [87]. Finally,
the anti-inflammatory properties of lidocaine were demon-
strated in a mechanically ventilated murine model, where
IVL increased the level of the anti-inflammatory cytokine
IL-10, thereby potentially reducing the ventilatory-induced
lung injury [88].

Although human studies documenting anti-inflamma-
tory effects of lidocaine are scarce, several clinical studies
showed that perioperative administration of lidocaine was
significantly associated with attenuation of surgery-induced
release of pro-inflammatory cytokines, e.g. IL-6 and IL-8,
and/or decreased C-reactive protein levels [32, 89-94].

3.3 Effects on the Respiratory System

Lidocaine is a very weak respiratory depressant. In propofol-
anaesthetized patients breathing spontaneously, the injection
of a 1.5 mg/kg lidocaine bolus decreased the tidal volume
and respiratory rate, and prolonged the expiratory duration
[95]. The peak effect occurred 2.5-3 min after the injection
of bolus lidocaine and was of moderate magnitude.

In in vitro studies on isolated tracheal smooth muscle
cells, lidocaine at clinical concentrations exhibits a relax-
ant effect [96]. Furthermore, lidocaine reverses muscular
contraction induced by acetylcholine, carbamylcholine
or histamine, partly mediated by muscarinic M1 recep-
tors antagonism [97]. Studies demonstrate that during

anaphylaxis, lidocaine has a dual direct inhibitory effect
on mast-cell release of pro-inflammatory mediators and
subsequent bronchial muscle contractions [98]. IVL inhib-
its the bronchial hypersensitivity induced by mechanical
irritation, thermal stimuli and irritants, such as particles,
gases and blood. In conscious volunteers with bronchial
hyper-reactivity, IVL attenuates the response to histamine
inhalation to a similar extent to salbutamol aerosol [99]. In
anaesthetized patients, a bolus of 1.5 mg/kg of lidocaine
(corresponding to a plasma concentration above 2 pg/ml)
abolishes the expiration reflex, cough reflex and spasmodic
panting (but not the apnoeic reflex) elicited by water instil-
lation in the trachea [100]. The same observation has been
made in children under sevoflurane anaesthesia [101].

Finally, IVL 1-2 mg/kg is effective in laryngospasm
prevention during general anaesthesia [101-103], and can
markedly suppress fentanyl-induced cough during induc-
tion of general anaesthesia; this effect is also observed
with a dose as low as 0.5 mg/kg [104].

3.4 Cardiovascular Effects

IVL was initially successfully used as an antiarrhyth-
mic agent [1, 29]. Lidocaine has very moderate effects
on cardiac function at doses used for analgesic purposes
in clinical practice [105]. A slight negative chronotropic
effect on the heart rate has been observed. However, under
conditions of increased vagal activity, an anti-vagal effect
capable of increasing the rate of the sinus rhythm was
demonstrated using IVL. Effects on intracardiac conduc-
tion and myocardial inotropic depression are negligible
and were only observed at supra-clinical concentrations.

Lidocaine has a biphasic action on smooth muscle of
peripheral blood vessels, with vasoconstriction at low
concentrations and vasodilation at higher concentrations
[106]. When low concentrations of lidocaine are injected
directly into the radial artery, it induces vasoconstriction
[107]. At larger concentrations, lidocaine displays a dose-
dependent vasodilatory effect, especially on precontracted
vessels. In intact isolated rat aortic rings precontracted
by norepinephrine, lidocaine produced a concentration-
dependent relaxation [108]. Removal of the endothelium
significantly increased the aortic ring responsiveness. The
relaxing factor(s) responsible for enhancing the aortic
ring relaxation did not seem to be nitric oxide- or pros-
tacyclin-dependent, as N-nitro-L-Arginine Methyl Ester
(L-NAME) and indomethacin had little or no effect on
intact ring relaxation. By contrast, lidocaine relaxation
was completely abolished by voltage-dependent potassium
channel inhibition (4-aminopyridine) and significantly
reduced by the antagonism of vascular smooth muscle
cells adenosine A2 receptors [108].
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3.5 Effects on the Digestive Tract

IVL is well known to accelerate the resolution of post-
operative ileus [109, 110]. The pathophysiology of post-
operative ileus is complex and multifactorial. It is a com-
bination of activation of inhibitory sympathetic reflexes,
release of local and systemic inflammatory mediators as
well as inhibitory gastrointestinal peptides. Factors such
as opioid-induced inhibition of gastrointestinal motility
and increased permeability of the intestinal mucosa may
also contribute to postoperative ileus [111], which can
be potentially ameliorated by IVL. Recent advances have
identified handling and manoeuvring of intestines during
surgery to be a major risk factor for intestinal inflamma-
tion. This local inflammatory process activates inhibitory
neural pathways and hence compromises the contractile
activity of the manipulated intestine [112], potentially
increasing the risk of ileus. Macrophages residing in the
muscularis externa and mast cells residing in the perito-
neum are the key players in this inflammatory cascade.

The exact mechanism of action of IVL with regard to
intestinal motility seems multifactorial and is not yet fully
understood. IVL may indirectly be involved in restoring
postoperative bowel function through the reduction of pain
intensity and opiate consumption. However, other phar-
macological mechanisms should be considered. Most of
the understanding of these mechanisms comes from ani-
mal studies involving observations of lidocaine’s direct
contractility effect on circular and longitudinal intestinal
smooth muscles [113]. This effect does not seem to be
mediated by the enteric nervous system [114]. Although
the presence of voltage-gated sodium channels on human
intestinal smooth muscle cells has been well documented,
IVL seems to act through different pathways in non-human
systems [114]. Although IVL’s direct role on postopera-
tive ileus has not been well established, the indirect anti-
inflammatory effect of lidocaine on epithelial intestinal
cells, through the established inhibition of interleukin
production, is plausible [115]. Accordingly, IVL reduces
lipopolysaccharide permeability in ischaemic-injured
horse jejunum and accelerates the recovery of the mucosal
barrier [116]. Besides these direct effects, it has been
assumed that IVL would be able to decrease the excitabil-
ity and conduction in nerve fibres of the enteric nervous
system, supporting the hypothesis that lidocaine depresses
the activity of primary afferent neurons involved in reflex
inhibition of gut motility [109]. In rats, lidocaine infu-
sion inhibits the visceromotor reflex of neurons excited
by ‘colorectal distension’ in a dose-dependent manner,
emphasizing IVL’s potential ability to alleviate visceral
pain in humans [117].
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3.6 Effects on Non-Gastrointestinal Smooth Muscle
Cells

Lidocaine and its active by-product MEGX depress smooth
muscles of the uterus [118]. Lidocaine also has inhibitory
effects on the smooth muscles of the human bladder through
the combination of a direct effect and the suppression of
neural-mediated contractions [119].

3.7 Antithrombotic Effects

Local anaesthetics in general significantly inhibit platelet
aggregation. Among different local anaesthetics, lidocaine
was the most effective platelet anti-aggregating compound,
and had a longer contact time and concentration correspond-
ing to a stronger effect [120, 121]. This effect seems clini-
cally significant only for very high plasma concentrations,
explaining some of the negative results [122]. As implicated
by thromboelastographic studies (a method of testing the
efficiency of blood coagulation), lidocaine produces a sig-
nificant hypocoagulable change relative to the control [123].
Furthermore, the application of lidocaine-inhibited throm-
bus formation restored microcirculation after laser-induced
microvascular injury [124].

In a 1977 study with a small sample size, a 6-day post-
operative IVL infusion reduced the incidence of thrombo-
embolism from 78 to 14% after hip arthroplasty [125]. This
finding is consistent with the observation that a neuraxial
block using local anaesthetics is able to reduce the inci-
dence of venous thrombosis by almost 50% [126]. If the
magnitude of a local anaesthetic’s antithrombotic effects
remains unknown, it may have at least partly contributed to
this observation.

3.8 Antimicrobial Properties

The antimicrobial effects of lidocaine have been demon-
strated in in vitro settings [127]. Lidocaine has been shown
to inhibit the growth of Gram-positive, Gram-negative
mycobacterium and various fungi [128]. Consistently, the
topical application of lidocaine in the respiratory tract dur-
ing diagnostic pulmonary fibroscopy is able to modify the
bacterial flora because of its powerful bactericidal effects on
Haemophilus influenza and anaerobic microorganisms [129].
It is also noteworthy that the addition of lidocaine in a solu-
tion of propofol may prevent against syringe contamination
by Echerichia coli [130]. Finally, lidocaine also has a direct
antiviral effect against herpes simplex virus type 1 [131].

3.9 Antitumoral Properties

The direct and indirect antitumoral effects of lidocaine have
been demonstrated in in vitro settings [132]. Lidocaine
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increased the expression of killer cell lectin-like receptor
D (NKG2D) receptors and stimulated the function of natu-
ral killer (NK) cells against ovarian and pancreatic cancer
cell lines. It also increased the cytolytic activity of NK cells
from patients who underwent oncological surgery [133]. At
clinically relevant concentrations, lidocaine has been shown
to demethylate DNA in breast cancer cells lines, making
them more sensitive to tumour suppressor genes and there-
fore inhibiting in vitro tumour growth [134]. Additional
mechanisms involve the inhibition of phosphorylation of
thyrosin kinase Src and ICAM-1, with clinically relevant
concentrations (Src-dependent inflammatory signalling
events), contributing to the inhibition of adhesion, migra-
tion and endothelial permeability, thereby preventing the
development of metastasis at clinically relevant concen-
trations [81, 135]. This effect seems to be independent of
voltage-gated sodium channel inhibition. In hepatocellular
carcinoma, lidocaine was shown to increase Bax protein and
activate caspase-3, which inhibit the growth of tumour cells
by blocking replication and inducing eventual apoptosis in
a time- and dose-dependent manner [136]. Furthermore,
mRNA levels of key tumour cell regulators are profoundly
decreased by lidocaine, leading to direct cytostatic effects
and apoptosis in hepatocellular carcinoma cells [137]. The
clinical relevance of such observations is currently difficult
to appraise. However, the use of local anaesthetic agents is
always referenced as being able to influence cancer evolu-
tion through anaesthetic management and could contribute
to future cancer research [138]. In in vivo experiments,
lidocaine was shown to suppress tumour development [136,
139]. At clinically relevant concentrations, intraperitoneal
lidocaine improved survival of mice with peritoneal carcino-
matosis. In addition, the antitumoral properties of lidocaine
seem to be able to markedly potentiate the effects of cyto-
toxic agents such as cisplatin [136].

4 Clinical Applications
4.1 Preventing Propofol Injection Pain

Propofol is used for induction of anaesthesia in millions of
patients every year. However, one of the disadvantages of
propofol is distressing pain during injection [140]. With-
out preventive measures, the overall percentage of patients
experiencing pain and percentage of patients experiencing
high-intensity pain following propofol injection was found
to be 63.7 and 37.9%, respectively, in adults [141], and 66.8
and 15.6%, respectively, in children [142]. Some patients
recall the induction of anaesthesia as the most painful part
of the perioperative period [140].

The underlying mechanisms of propofol-induced
injection pain are still not fully understood [141]. Pain

immediately after injection of propofol may be caused either
by direct stimulation of nociceptors and free nerve endings
in the venous wall or indirectly by the release of mediators,
such as bradykinin and prostaglandin E2, which stimulate
afferent nerve endings, leading to a delayed onset of pain
[141]. Several studies in adults and children have explored
various strategies to reduce the rate and severity of propofol-
induced injection pain. A meta-analysis indicated that IVL
alone, or IVL combined with other interventions, seems to
be the most promising strategy to reduce propofol-induced
injection pain [141-144]. In these studies, lidocaine was
administered with propofol (lidocaine-propofol admixture)
or as an intravenous pre-treatment (with or without venous
occlusion), i.e. prior to the propofol injection. Venous drain-
age was occluded at mid-forearm, or just above the elbow, by
a tourniquet or a blood pressure cuff (50-70 mmHg), often
after elevation of the arm for 15-30 s for gravity drainage
of venous blood. Venous occlusion was then maintained for
30-120 s (usually 60 s). Venous occlusion was then released
and induction with propofol was started.

Both lidocaine admixture and pre-treatment were effec-
tive in reducing high-intensity pain on propofol injec-
tion. There was no significant difference between a -ow
dose (<20 mg or <£0.2 mg/kg) and a high-dose (>20 mg
or> 0.2 mg/kg) lidocaine admixture. The low-dose lidocaine
pre-treatment without venous occlusion seemed to be the
least effective method [141].

As stated earlier, the mechanisms of action of lidocaine in
preventing pain on propofol injection remain unclear [141].
A preceding injection of lidocaine prevents pain probably
because of a direct effect on vessels. A recent study from
Xing J et al. suggests that low-dose lidocaine acts prefer-
entially by a peripheral local anaesthetic effect because the
same dose administered in the contralateral arm did not alle-
viate propofol injection pain [145]. An exclusion of a central
effect cannot be made; however, if it exists it would most
likely be observed in doses above 1.5 mg/kg. The decrease
in pain on injection observed by mixing a small amount of
lidocaine to propofol might be due to the fact that lidocaine
hydrochloride is a weak free-base cation solution, which
would lower the pH of the admixture after mixing it with
propofol.

4.2 Improving Post-Operative Recovery

The overall impact of IVL on pain, opiate consumption,
return of bowel function, length of hospital stay and safety
profile was appraised in an initial review by a Cochrane
group [146, 147]. Forty-five trials performed between 1966
and 2014, gathering data from various types of surgeries (12
open abdominal, 13 laparoscopic abdominal and 20 other
non-abdominal surgeries) were analysed. Despite the qual-
ity of the evidence from the included studies being rated
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as low, results supported the benefit of IVL on pain during
the first 24 h after surgery across studies, with the strong-
est effect observed with abdominal surgeries. Post-opera-
tive ileus occurred in 4.8% of the subjects in the treatment
group and in 13.9% of subjects in the control group (risk
ratio=0.38:; 95% CI 0.15-0.99; I>*= 0%). Furthermore, evi-
dence of positive secondary outcomes such as a reduction
in average length of hospital stay, postoperative nausea at
early and > 24-h time points, as well as intraoperative and
postoperative opioid requirements were shown with IVL use.

This particular review was recently updated by the same
group [148], adding 23 trials, reaching a total of 68 trials
(22 open abdominal surgery, 20 laparoscopic surgery and
26 other non-abdominal surgery), comprising 2254 subjects
in the treatment group versus 2271 subjects in the control
group. The conclusions were modified according to these
new incorporations. The quality of evidence to conclude on
the benefit of IVL was limited due to inconsistency, impreci-
sion, study quality and a high uncertainty on the favourable
effects of lidocaine with regard to the reported outcomes.
Evidence of very low quality suggests IVL may lead to a
reduction of pain intensity during the first 4 h after surgery.
A clinically relevant reduction in pain with lidocaine at
intermediate (24 h) and at late time points (48 h) was ruled
out via moderate-quality evidence. Similarly, intraoperative
and postoperative opiate consumption was reduced in a sta-
tistically significant manner, but by small amounts in a clini-
cal sense. The incidence of postoperative ileus was reduced
(RR=0.37,95% CI 0.15-0.87), as did the time to first defae-
cation/bowel movement. Incidence of nausea (but not vom-
iting) was also reduced (RR=0.72, 95% CI 0.53-0.98). A
subgroup difference for different types of surgeries could no
longer be confirmed in this meta-analysis due to the nature
of the newly included studies [148].

In spite of these results, which have to be analysed after
taking into consideration the very low quality of evidence
for the benefit of IVL, it may still be worthwhile in shed-
ding light more precisely on different kinds of surgical pro-
cedures. A recent review has underlined the perioperative
benefit of IVL for improving postoperative recovery given
the type of surgery [6].

4.2.1 Abdominal Surgery

The significant clinical benefits of perioperative IVL in
reducing pain intensity, nausea, duration of ileus, postop-
erative opioid requirements and average length of hospital
stay after abdominal surgery have been demonstrated in
many randomized controlled trials and reported in all meta-
analyses focusing on abdominal surgery released over the
last decade [6, 149-154].

In the meta-analysis by Marret et al. based on eight ran-
domized controlled trials including abdominal surgery,
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postoperative pain intensity 24 h after surgery, rated on a
VAS, was reduced by 5.9 mm (95% CI 2.2-9.6, p<0.01),
duration of ileus was reduced by 8.3 h [95% CI 3-13,
p<0.01), incidence of PONV was reduced (ODDS =0.39,
95% CI 0.2-0.76) and length of hospital stay was reduced
by 0.84 day (95% CI 0.3-1.38, p <0.01) in subjects who had
received IVL [149].

Another meta-analysis including 14 randomized con-
trolled trials that consisted of data from 742 patients com-
pared IVL versus placebo/routine treatment for postopera-
tive analgesia following laparoscopic surgery [153]. IVL was
associated with a clinically small but significant reduction in
opiate requirement at 24 h compared with placebo/routine
care (WMD — 7.62 mg; CI — 12.37, — 2.86; p=0.002). IVL
was associated with reduced cumulative opiate requirements
(WMD 5.93 mg; CI — 11.07, — 0.79; p=0.02), reduced pain
scores at rest, at 2, 12 and 24 h (but not at 48 h), reduced
nausea and vomiting, and a shorter time until resumption of
feeding. The length of stay did not differ between groups.
There was a low incidence of IV lidocaine-associated
toxicity.

In obese patients undergoing laparoscopic bariatric sur-
gery, IVL was associated with a reduction in postoperative
opiate consumption and an improved quality of recovery
24 h after the surgery [155]. It is also noteworthy that IVL
could have beneficial effects in the ambulatory setting for
short-duration procedures [156—158]. Relative to a con-
trol group, 1.5 mg/kg bolus followed by 2 mg/kg/h of IVL
given to patients undergoing gynaecological outpatient
laparoscopic procedures led to a quicker hospital discharge
and a better recovery score at 24 h post surgery. This was
probably related to a reduction in total post-surgical opiate
requirements [157]. Two recent meta-analysis of randomized
controlled trials (RCTs) on laparoscopic cholecystectomy
showed that IVL was associated with a reduction in pain
intensity (at 12, 24 and 48 h postoperatively), opiate con-
sumption and opiate-related side-effects (PONYV, ileus and
pruritus) compared to a placebo group [158, 159]. In this
indication, intraoperative IVL seems more efficacious than
intraperitoneal instillation [160].

The benefit of IVL in non-bowel abdominal surgery is
more controversial [6]. However, it should be noted that this
is not a recommendation against the use of lidocaine in cer-
tain types of surgeries, but rather an indication of a lack of
literature and reliable evidence.

A significant beneficial effect on pain intensity, post-sur-
gical opiate requirement and average length of hospital stay
has been demonstrated after intra-abdominal prostatectomy,
justifying its use in this indication [161-164]. Results after
nephrectomy are in general less positive [165]. However, a
recent study has reported an improvement in pain intensity
and functional capacity, a reduction in post-surgical opiate
consumption and average length of stay after 1.5 mg/kg of
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IVL administration at the induction of anaesthesia followed
by infusion of 1 mg/kg/h intraoperatively and for 24 h post-
operatively on patients who underwent open nephrectomy
[166]. Similarly, several results on abdominal hysterectomy
have failed to show a benefit [35, 167], although more recent
studies show moderate benefits [168], and additional posi-
tive effects when IVL was associated with dexmedetomidine
[169].

4.2.2 Non-Abdominal Surgery

One meta-analysis of four RCTs including 167 subjects
undergoing breast surgery [170] showed that IVL infusion
did not provide benefits in terms of acute post-operative pain
from 2 h to 3 days. However, in the first 72 h, the treatment
group reported fewer analgesic consumption compared with
the placebo/no treatment group. Moreover, patients in the
treatment group had a significantly lower risk of developing
chronic pain 3-6 months after surgery (RR=0.332; 95%
CI10.141-0.781, p=0.012). These conclusions were further
reinforced by the results of another recent randomized trial
[171]. However, the impact of IVL on chronic postopera-
tive pain remains to be further investigated before a definite
conclusion is drawn.

Regarding spine surgery, an RCT had previously shown
areduction in pain intensity and postoperative fentanyl con-
sumption [172], and perhaps an improvement in quality of
recovery [173]; however, a recent RCT concluded on the
absence of benefit of IVL for spine surgery, even on residual
postoperative pain [174]. Furthermore, the use of IVL dur-
ing hip arthroplasty does not seem to provide significant
clinical benefits either [175].

Patients undergoing thyroid surgery may benefit from
IVL administration (better pain relief and reduction in post-
operative opiate consumption, as well as lower C-reactive
protein). However, it should be noted that the benefit was
limited to the first 4 h after the surgery [93, 176]. It has also
been suggested that IVL can reduce chronic post-surgical
incisional pain [176].

Despite the reduction in the incidence of PONYV in the
IVL group [177], IVL seems to have no effect in pain man-
agement after tonsillectomy [178].

There is not enough evidence to support the benefits of
using IVL during cardiac surgery [41, 43, 179], although
a protective effect against postoperative cognitive dysfunc-
tion has been suggested [43], but not found in another more
recent study [179]. Conversely, IVL was shown to provide
significant benefits on pain intensity and postoperative opi-
ate consumption after thoracic surgery [180].

After neurosurgery (supratentorial tumour resection),
IVL provides a slight improvement in pain intensity with
limited duration [181, 182]. Neurosurgical patients given
IVL (1.5 mg/kg) were able to control the increase in blood

pressure and the intracranial pressure in a similar magnitude
to a bolus injection of 1.5 mg/kg of esmolol [183].

Finally, IVL is safe and effective in attenuating the mater-
nal stress response to surgery for caesarean delivery [35].

4.2.3 Recommended IVL Dosing to Improve Post-Operative
Recovery

There are many unresolved questions regarding optimal
modalities of IVL administration. According to the pub-
lished literature [148], systemic lidocaine administration was
generally initiated up to 30 min before induction, at induc-
tion or after induction of anaesthesia, at the latest 30 min
before skin incision. In 69% of studies, IVL administration
was initiated with a bolus dose of 1-3 mg/kg of body weight,
1.5 mg/kg being the most common dose. Lidocaine infusion
dose varied between studies from 1 mg/kg/h to 5 mg/kg/h.
Continuous lidocaine infusion was terminated either at the
end of the surgical procedure or with skin closure, 30 min
after arrival at the post-anaesthesia care unit (PACU), 1 h
after the end of surgery/skin closure, 1-2 h after arrival in
the PACU, or at discharge from the PACU. In some studies,
IVL infusion was continued up to 4 or 8 h postoperatively,
after a total of 12 h, after a total of 24 h, 24 h postopera-
tively, 48 h postoperatively or on the day of return of bowel
function, or on the fifth postoperative day at the latest. One
meta-analysis of seven RCTs including 362 subjects [154]
aimed to estimate an appropriate end-time for intraoperative
IVL infusion in bowel surgery. The meta-analysis showed
that there was no additional benefit of extending IVL infu-
sion beyond 1 h after surgery. During laparoscopic colon
surgery, it should be noted that the analgesic effect of IVL
was not observed if the administration was limited to the
postoperative period [184].

4.3 Other Clinical Benefits

IVL has several other intraoperative pharmacodynamics
effects. Among the most remarkable effects, lidocaine is
effective in blunting cerebral haemodynamic responses to
airway manipulation [185]. As mentioned above, IVL can
control the tracheobronchial reflex induced by local stimula-
tion [100]. Furthermore, administration of IVL at 1.5-2 mg/
kg, 2-3 min before laryngoscopy, may blunt a rise in heart
rate, systolic blood pressure, mean arterial pressure and cat-
echolamine levels associated with intubation and extubation
[186]. During the anaesthetic period, IVL also reduces hyp-
notic medication requirements by up to one-third in adult
patients, to a similar extent to sevoflurane [163, 187] rather
than to propofol [188]. Intraoperative opiate requirements
are also significantly reduced by up to 50% in a report by
Lauwick et al. [180, 189]. Consistently, IVL decreases the
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bispectral index (increase the depth of anaesthesia) in a
dose-dependent manner [190].

5 Safety

Local anaesthetics, through their actions on sodium and
potassium channels, have the potential to induce systemic
toxicity (corresponding to the so-called LAST: Local Anes-
thetic Systemic toxicity) [191]. LAST is mainly the conse-
quence of the blockade of impulse propagation on the cen-
tral nervous system and myocardial conduction tissue. Early
symptoms are dysgeusia (metal taste), perioral numbness,
tongue paraesthesia, dizziness, tinnitus and blurred vision.
Severe intoxication is followed by excitatory signs (agita-
tion) that may progress to seizures, cardiac arrest (atrioven-
tricular heart block and arrhythmias) and even death. Even if
lidocaine is commonly considered to have a greater margin
of safety than other local anaesthetics, direct intravenous
administration raises the question about its tolerance. As
outlined above, the average dose associated with the occur-
rence of neurological symptoms in healthy volunteers is
about 8 mg/kg [14, 15], corresponding to a plasma value
of about 15 pg/ml [16]. First signs of cardiotoxicity were
observed at plasma concentrations above 21 pug/ml [1]. These
toxic thresholds are far above the plasma concentration com-
monly observed after usual administration in the periopera-
tive period (see Table 1). However, other conditions should
be taken into account for LAST prevention, such as the
concomitant administration of other local anaesthetics for
locoregional analgesia (toxicity is additive), co-morbidities
and extremes of age [191]. Treatment of LAST is currently
clearly codified, combining symptomatic measures (oxygen,
benzodiazepines) and lipid emulsion injection [191].

The effect of IV lidocaine on adverse effects compared
to placebo is uncertain, as only a small number of studies
systematically analysed the occurrence of adverse effects
(very low-quality evidence). However, analysis of the avail-
able data, using commonly recommended protocols of
administration, reveals that there was no evidence that IVL
was associated with an increased risk of adverse effects.
Some neuropsychological disturbances have been reported,
including light-headedness, dizziness, visual disturbances,
drowsiness and sedation, but with the same or even higher
frequencies in the control population [148]. Accordingly,
one study reported a detailed summary table with numer-
ous monitored adverse events, but no significant differences
were reported in their occurrence between the treatment and
control groups [192]. In conclusion, with respect to common
protocols of administration, no major adverse events due to
systemic lidocaine administration in the perioperative period
could be detected.

A\ Adis

Post-marketing safety monitoring revealed several inter-
actions of lidocaine with other antiarrhythmic drugs. Due
to the increased risk of cardiac adverse effects, combina-
tion with antiarrhythmic drugs of the same class is not rec-
ommended and should be considered only in exceptional
cases. Furthermore, combination with antiarrhythmic drugs
of other classes (e.g. amiodarone, disopyramide, quinidine,
sotalol) is contraindicated. Amiodarone is known to reduce
hepatic metabolism of lidocaine leading to increased lido-
caine plasma concentrations, which may result in adverse
neurological and cardiac effects. The same is applicable for
combined use of lidocaine with fluvoxamine or cimetidine
at cimetidine dosages > 800 mg/day. In all of these cases,
patients have to be closely monitored and lidocaine dosage
should be adapted as required. The combined use of lido-
caine with beta-blockers in heart failure may have a negative
inotropic effect with risk of cardiac decompensation. Fur-
thermore, the combination with drugs with inotropic nega-
tive bradycardic properties and/or slowing atrioventricular
conduction is difficult and requires clinical monitoring and
ECG monitoring.

Lidocaine does not have local venous toxicity. A study
observed thrombophlebitis in four of 85 subjects who were
treated with 10 mg of lidocaine, compared to eight of 85 sub-
jects in the control group [193]. An in vitro study by Masaki
et al. reported coalescence of oil droplets (diameter > 5 um)
30 min after the addition of 40 mg lidocaine to propofol
(time- and dose-dependent reaction), which was theorized
to potentially cause pulmonary embolism [194]. Despite the
coalescence formation, no adverse events (including pulmo-
nary embolism) were reported in vivo.

Finally, lidocaine could be associated with allergic reac-
tions. Immunologically mediated Type 1 hypersensitivity
reactions with a positive skin prick test have been described
in the past, but are extremely rare [195]. Other ingredients
in local anaesthetic preparations must be considered as
elicitors, e.g. preservatives such as benzoates or sulphites,
or latex contaminants in injection bottles. During a 2-year
study period conducted in France, true lidocaine anaphylaxis
was encountered in only one case [196]. It should be noted
that skin cross-reactivity between different amide type local
anaesthetics was not observed in every case [197]. A positive
history of anaphylaxis should be followed up with extensive
testing for the amide family of drugs.

6 Conclusion

Since its introduction in clinical practice, IVL has been the
subject of many assessments. Meta-analysis focusing on
abdominal surgery demonstrated beneficial effects on pain
management, opiate consumption, postoperative ileus, inci-
dence of PONV and hospital length of stay. Results are more
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controversial for non-abdominal surgeries. Another recent
meta-analysis combining data from studies with different
kinds of surgeries showed a general uncertainty with IVL
use, but also showed IVL to have a beneficial impact on
pain scores in the early postoperative phase, and on gas-
trointestinal recovery, postoperative nausea and opioid con-
sumption. The quality of evidence in this meta-analysis was
limited due to inconsistency, imprecision and quality of the
included studies. Besides its well-known analgesic and anti-
inflammatory properties, [IVL may have additional beneficial
effects on bronchial reactivity, incidence of venous throm-
bosis and recovery from post-surgical ileus. Considering the
safety profile of IVL at the common dose, the benefits may
outweigh the risks compared to other analgesic strategies.
In-depth knowledge of its pharmacokinetic and pharmaco-
dynamics properties may help physicians to better under-
stand the effects of IVL and to use it in the most appropriate
manner.
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