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ABSTRACT

Local anesthetics are used for the presentation of various regional anesthesia practices
for intraoperative anesthesia and analgesia, along with the treatment of acute and
chronic pain. Older medications like lidocaine and bupivacaine as well as newer ones
such as mepivacaine and ropivacaine are being used successfully for decades. Routes
of administration contain neuraxial, perineural, intravenous, various infiltrative
approaches, topical, and transdermal. There is new innovation with the use of older
local anesthetics in novel manners, in addition to the development and use of new
formulations. This article seeks to summarize the history, physical properties,
mechanism of action and pharmacokinetics, toxicity, finally, some special preparation.
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temporarily relieve pain.% Local anaesthetics bind to
specie parts of the sodium ion (Na+) channel on the
nerve membrane and affect the membrane potential by
reducing the passage of sodium ions through the sodium
ion channel, and thereby block the conduction of nerve
impulses. Local anaesthetics can reduce the excitability
of the membrane and have no effect on the resting
potential 104!

INTRODUCTION

An anaesthetic is a drug that can act on the nervous
system and inhibit it and is thus a drug that produces
anaesthesia.? Local anaesthetics act on nerve endings
and nerve trunks and can reversibly block the conduction
of nerve impulses. This results in a loss of local sensation
without affecting consciousness, which is convenient for
local surgery and treatment.®® Local anaesthetics are
commonly used in stomatology, ophthalmology,

gynaecology and minor surgical operations to
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Fig. 1: General structure of local anaesthetics.
History surgery, which led to the discovery of new anaesthesia

The first local anaesthetic that was used in clinical
practice comprised active ingredients derived from coca
leaves from South America. As early as the 16th century,
Peruvians were known to chew coca leaves to relieve
pain. In the 1860s Niemann extracted crystals of an
alkaloid from coca leaves and named it as cocaine.™*>*"]
In 1868 Maiz was the first to suggest that cocaine might
be a local anaesthetic, and in 1884 Koller (an Austrian
ophthalmologist) was the first to use cocaine for clinical
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techniques and the rapid development of local
anaesthetic drugs.*®? However, in the process of use,
cocaine was found to cause addiction and some other
toxic effects, such as allergic reactivity, tissue
stimulation and instability in aqueous solutions. Hence,
the clinical application of cocaine was limited. As a
result, structural studies and medications of cocaine have
been carried out in the search for better local
anaesthetics. From studies of the structure of cocaine, it
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was gradually realized that the removal of the methyl
carboxylate group in the structure of cocaine could
eliminate addiction. The local anaesthetic effect of ethyl-
4-aminobenzenecarboxylate  (benzocaine) was first
confirmed in 1890, and procaine was successfully
developed in 1904. The discovery of procaine made
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people realize the important role of the 4-aminobenzoate
structure in local anaesthetic drugs and started the study
of the 4-aminobenzoate structure.???!! (tetracaine) and
the development of local anaesthetic drugs with
amide, 5% ﬁlidocaine), aminoketone,? (dyclonine) and
amino-ether,”®?! (pramocaine) structures (Fig. 2).

C4HQOOOCH2CH2CH2—N o} C4Hgo—<;>—coocri,CH,N(CZHS)2

Tetracaine

C4HgoQCOCHZCHZN >

Dyclonine

Fig. 2: Chemical structure of some local anaesthetics.

Physical Properties

Local anaesthetics are weak bases with a pKa
(dissociation constant) of 7.5 to 8.5, and are divided into
2 categories based on their structure: aminoamides or
amino-esters. The general structure of all agents consists
of an aromatic group connected to a tertiary amine via an
amide linkage (aminoamide) or an ester linkage (amino-
ester). Four physicochemical properties determine the
activity of local anaesthetic agents: molecular weight
(MW), pKa, lipid solubility, and degree of protein
binding. Ranging from 220 to 288 Da, the MW is
inversely related to the ability of the local anaesthetic to
diffuse through tissue. Just as changes in MW are caused
by differing substitutions on the aromatic group and
tertiary amine, changes in MW are generally also
associated with changes in pKa and lipid solubility."*"
As weak bases, local anaesthetics equilibrate into ionized
and nonionized molecules within the body in accordance
with their pKa. By definition, the pKa is the pH at which
the drug is at equilibrium with 50% in the ionized form
and 50% in the nonionized form. The local anaesthetic
binding site on the sodium channel is within the cell and
the drug must diffuse into the target neuron cell body to
have an effect. It is the nonionized form of the drug that
can easily cross the cell membrane.BY and, once inside
the cell, a new equilibrium is established and the ionized
(active) form of the drug can take effect.*? In general,
agents with a low pKa will have a rapid onset of action
due to a lower degree of ionization at physiologic pH and
agents with a high pKa will have a slower onset of action
due to the greater degree of ionization at physiologic PH.
The structure of the aromatic group is the main
determinant of the agent’s solubility. The degree of
solubility is extremely important because it determines
the potency.®? and duration of action of the agent.l*®

action in that highly lipid soluble agents are more likely
to be sequestered in myelin, slowing the arrival of the
agent at the neuronal membrane and prolonging the onset
of action. The degree of protein binding determines the
free fraction of drug available to bind to the target
receptors and cause an effect. In general, agents that are
highly protein bound are associated with a longer
duration of action.*

Mechanisms of Action and Pharmacokinetics

Local anaesthetics diffuse across the plasma membrane
and reversibly inhibit voltage gated sodium channels.
Typically, electrical neuronal excitation conducts a
depolarizing stimulus down the axon, activating and
permitting sodium ions to cross down their
electrochemical gradient. Local anaesthetics interrupt
the action potential and thus the influx of sodium ions,
thereby decreasing the excitability of the nerves
conducting pain responses.® Both motor and sensory
blockade are obtained in this manner. Myelinated axons
are easily blocked by local anaesthetics, followed by
unmyelinated axons. The first documented medical use
of a local anaesthetic occurred in 1884, when Dr. Carl
Koller anesthetized the cornea with topical cocaine
solution.

A local anaesthetic molecule is composed of three parts:
a lipophilic aromatic ring, an ester or amide link, and a
terminal amine.*® A hydrocarbon chain is linked to the
aromatic ring via either an ester or amide connection,
which determines the mechanism of metabolism for that
local anaesthetic. Amide local anaesthetics have been
shown to be more chemically stable and have a lower
risk of allergic reactions, in comparison to ester local
anaesthetics. Ester amides are primarily metabolized by

Agents with low lipid solubility have low potency and a plasma  cholinesterase,  otherwise  known  as
shorter duration of action. Agents with high lipid pseudocholinesterase.

solubility tend to be more potent and afford a longer

duration of action. Lipid solubility also affects onset of
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Degradation is quite rapid. In comparison, amide local
anaesthetics undergo hepatic degradation and have a
longer half-life. Local anaesthetics are nature weak bases
(with the exception of benzocaine) formulated in an
acidic solution. A lower pKa yields a higher fraction of
the neural drug that can cross the membrane, whereas the
charged protonated form binds the target firmly. A more
basic pKa is associated with a slower onset. The
substitutions on the aromatic ring directly correlate with
lipid solubility. Improved diffusion across the nerve is
associated  with increased potency. Higher
hydrophobicity improves transport to target site, and
thusly, higher potency. The duration of action is
connected to the level of protein binding.
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Local anaesthetics are not only sodium channel blockers.
They have anti-inflammatory and possible antimetastatic
properties.*"*8 It has also been shown to have a role in
chronic pain conditions such as neuropathic pain and
complex regional pain syndrome.®**?! Research shows
that they interact with other receptors as well. It has been
demonstrated that the analgesic and anti-hyperalgesic
properties of intravenous lidocaine infusions involve in
addition to the sodium channel blockade, the inhibition
of potassium and calcium channels, the glycinergic
system, the NMDA and the Gag-coupled protein
receptors.[*+4
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Fig. 3: Mechanism of action of Local anaesthetics.

Pregnancy and local anaesthetics

Increased sensitivity to local anaesthetics, demonstrated
as faster onset and more profound block, may be present
during pregnancy. Variations in protein binding of
bupivacaine may result in amplified concentrations of
active unbound drug in the pregnant patient, increasing
its dormant for toxicity. Placental transfer is also more
active for lipid soluble local anaesthetics. In any case,
agents with a pka closer to physiologic pH have a higher
placental transfer. As a result, the umbilical maternal

TOXICITY
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vein ratio for mepivacaine (pka 7.6) is 0.8, while for
bupivacaine (pka 8.1) is 0.3. In the presence of foetal
acidosis, local anaesthetics cross the placenta and
become ionized in higher proportion than at normal PH.
The ionized portion can’t cross back to the maternal
circulation, originating what is called “ion trapping”.
Therefore, 2-chloroprocaine, with its very short maternal
and foetal half-lives, is an ideal local anaesthetic in the
presence of foetal acidosis.! !

agert toxicity

Fig. 4: Toxicity of local anaesthetics.
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Systemic Toxicity

Administration of local anaesthetics can cause
neurotoxicity and cardiotoxicity as plasma levels
increase. Neurotoxicity results from the action of local
anaesthetics blocking inhibitory pathways within the
brain, which leads to unopposed excitatory activity with
clinical signs, such as twitching and seizures.* As
plasma levels continue to increase, cardiotoxic effects
will occur due to blockade of sodium channels, resulting
in a decrease in the rise of phase 0 of the cardiac action
potential.®®!  Associated  changes  on  the
electrocardiogram (ECG) may be observed, including
prolonged PR and QRS intervals.

In general, systemic toxicity is more likely to occur with
agents having high lipid solubility (i.e. bupivacaine,
etidocaine, tetracaine). Additionally, the S-enantiomers
are less toxic than the R-enantiomers, making
levobupivacaine and ropivacaine safer than their
dextrorotary  counterparts.*®!  Treatment of local
anaesthetic systemic toxicity depends on the level of
severity. Supportive care should be initiated, including
oxygen supplementation and manual ventilation if
necessary. If the patient is exhibiting signs of seizure
activity, a benzodiazepine should be administered.
Careful monitoring of the patient’s cardiovascular status
should be pursued in order to rule out life-threatening
cardiac toxicity. Should cardiovascular depression be
encountered, judicious use of fluid support and inotropes
may be all that is necessary to restore normal
cardiovascular parameters. Cardiac arrhythmias should
not be treated with further administration of sodium
channel blockers."?  Alternatively, amiodarone is
recommended for the management of ventricular
arrhythmias  associated  with  local  anaesthetic
overdose.) If cardiac arrest or a malignant ventricular
arrhythmia should occur, cardiopulmonary resuscitation
should be initiated immediately. Vasopressin and
calcium channel blockers should be avoided. Intravenous
lipid emulsion has been shown to be effective for
treatment of refractory arrhythmias caused by local
anaesthetic overdose.“®!

Local Toxicity

Neurotoxicity can result from direct injury to the nerve
cells  when local anaesthetics are applied.[*!
Chondrotoxicity is a common sequela of injection of
local anaesthetics into joint spaces,®@ therefore,
intraarticular administration is discouraged. Finally,
myotoxicity has also been reported after administration
of local anaesthetics into skeletal muscle.!®"

Methemoglobinemia

Local anaesthetics have the potential to cause oxidative
damage to haemoglobin, resulting in the formation of
methaemoglobin. Benzocaine and prilocaine are the
agents most commonly associated with the development
of methemoglobinemia.’®”
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Drug interactions

Local anaesthetics potentiate the effects of non-
depolarizing muscle relaxants. Simultaneous
administration of succinylcholine and ester local
anaesthetics, both metabolized by
pseudocholinesterase’s, may potentiate the effect of each
other. Cimetidine and propranolol decrease hepatic blood
flow and amide local anaesthetic clearance increasing the
potential for systemic toxicity. Opioids and alpha-2
adrenergic agonists potentiate the effects of local
anaesthetics and vice versa.

Special Preparations

Lidocaine Patches

Lidocaine patches were introduced in human medicine in
the early 1990s and approved in 1999 by the US Food
and Drug Administration (FDA) for the treatment of
neuropathic pain caused by herpes zoster, commonly
known as shingles.®® Since then, they have been used in
humans for chronic low back pain,®**® osteoarthritis,*”)
painful idiopathic distal sensory ponneuroPathy,[Ssl focal
neuropathic pain in patients with cancer,®! myofascial
pain syndrome,™ and diabetic polyneuropathy.!®"
Lidocaine patches have also been used to treat pain after
surgical procedures,®®%! and to provide pre-emptive
analgesia.l®™ The lidocaine patch (Lidoderm) is made of
a nonwoven polyester felt backing containing adhesive
material, and 5% lidocaine (50 mg of lidocaine per gram
of adhesive with 700 mg of lidocaine per patch). A
release liner protects the adhesive site of the patch and
has to be removed before application. The patch is an
occlusive delivery system that rehydrates the skin by
preventing water loss. The hydration of the stratum
corneum enhances the absorption of the drugs through
the skin itself.°® Lidoderm comes in sealed packaging as
a nonsterile 10 by 14 cm patch and can be cut to the
desired size before application.

In humans, a decrease in pain without numbness or loss
of normal sensitivity to temperature and touch of the area
where the patch is applied is described.®™ It has been
shown that the systemic absorption of lidocaine is
minimal, even when an extended dosage regimen is
used,® suggesting that the analgesic effect is due to the
topical absorption. The exact mechanism of action is
unknown. It is likely that the amount of lidocaine that
penetrates the skin is sufficient to block only sodium
channels of small and damaged nociceptors but not
enough to block the A-R sensory filaments. The blockade
of these channels prevents movement of sodium
intracellularly, which stabilizes the nerve fibre
membranes and stops the action potential responsible for
transduction and transmission of nociception.®

In veterinary medicine, lidocaine patches have been used
to treat postoperative pain for several surgical
procedures, such as laparotomies, thoracotomies,
hemilaminectomies, stifle surgery, total ear canal
ablations, and amputations.’® The patch is applied at
the end of the procedure after skin closure. Because the
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patch is not sterile, it is recommended either to place
sterile gauzes over the incision or to cut the patch and
apply it around the surgical wound. The lidocaine patch
is self-adhesive; however, the protective liner has to be
removed and the skin has to be cleaned before
application. A surgical film or a bandage can be used to
cover and protect the patch and the surgical site. Based
on clinical experience and pharmacokinetic data,
recommendations on the number of patches per kilogram
have been published. Unfortunately, the clinical
efficacy of lidocaine patches used for postoperative pain
management in dogs is not supported by published data
and no clinical studies have been conducted in cats. Two
studies in dogs undergoing hemilaminectomies and
ovariohysterectomy concluded that the lidocaine patch
did not provide additional analgesia compared with the
control group.[®"

Liposomal Bupivacaine

Exparel is an extended-release formulation of
bupivacaine approved in 2011 by the FDA for
postsurgical analgesia in humans and sold by Pacira
Pharmaceuticals. In this formulation, the bupivacaine is
contained in numerous aqueous chambers separated from
each other by lipid membranes. The bilayer structure of
these membranes consists of phospholipids, triglycerides,
and cholesterol. The chambers containing bupivacaine
are combined to form microscopic spherical liposomes
with a multivesicular, nonconcentric honeycomb-like
structure. With time, the vesicles slowly break down,
causing the release of bupivacaine and reorganization of
the lipid membrane of the liposomes.*™ Two
multicentric, double-blind, randomized, placebo-
controlled studies were conducted as part of the FDA
approval process.™® The investigators showed that
liposomal bupivacaine provided extended pain relief
superior to placebo up to 48 hours after
bunionectomy, "™ and 72 hours after
haemorrhoidectomy.["® Both clinical trials reported that
the subjects in the treatment group used less opioid
postoperatively and adverse effects were considered mild
and less frequent than in the placebo group.[™® After
the approval, Exparel has been used extensively in
human medicine for a variety of soft tissue and
orthopaedic surgeries. A randomized, double-blind,
active-control study compared the efficacy of the
liposomal bupivacaine to bupivacaine hydrogen chloride
(HCI) mixed with epinephrine for bilateral, cosmetic,
submuscular augmentation mammaplasty.”

Although the study was underpowered, there was a trend
of better analgesia and decreased opioid consumption in
the prolonged release bupivacaine group. Another study
was conducted in adult subjects undergoing open
colectomy.’® The investigator reported that, when
liposomal bupivacaine based multimodal analgesic
regimen was used for postoperative analgesia, opioid
consumption, hospitalization time, and costs decreased.
Khalil and colleagues.” compared Exparel administered
via intercostal block versus standard continuous thoracic
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epidural for analgesia after thoracotomies. Subjects
receiving the intercostal block reported lower pain scores
at day 1 and 3 and had a slightly lower average hospital
length of stay. The efficacy of liposome-encapsulated
bupivacaine administered via ultrasound guided
transversus abdominis plane (TAP) block has been
evaluated in subjects undergoing abdominal surgery.’®*
8] Most of the human literature on liposomal
bupivacaine used for orthopaedic procedures is focused
on postsurgical analgesia for total knee arthroplasty
(TKA).B“ The results published for these studies are
controversial. A randomized, multicentre, parallel-group,
double-blind, dose-ranging study showed that
periarticular liposomal bupivacaine provided greater
analgesia while subjects were at rest compared with
bupivacaine HCI. However, no differences were found in
pain during activity, opioid consumption, and resumption
to normal daily activity.’® No difference in pain scores
and narcotic use was found in 2 prospective studies in
which Exparel was compared with bupivacaine HCI.”
and a modified Ranawat suspension (ropivacaine,
epinephrine, ketorolac, and clonidine).®® administered
via periarticular injection. Similar results were published
by Pichler and colleagues.®™ in a retrospective cohort
study. The investigators concluded that liposomal
bupivacaine did not decrease inpatient opioid
prescriptions and  opioid-related  complications.
Liposomal bupivacaine seems to have an equal or better
safety profile than bupivacaine HCI.

The incidence of adverse events is low when
recommended doses are administered and the incidence
of these side effects is lower when compared with
bupivacaine HCI.#%? The most common adverse effects
are nausea, constipation, and vomiting. Tachycardia and
bradycardia have also been reported; however, these
were considered mild to moderate in severity and did not
require any therapeutic interventions.®” ECGs and
cardiovascular adverse events were evaluated in a phase
2, randomized, double-blind, dose-ranging study of
liposomal bupivacaine. In the same report, the
investigators analysed data from 4 phase 1 studies in
which either ECG or Holter monitor findings were
assessed. The results showed no cardiac adverse effects.
31 Although several studies have been published on
liposomal bupivacaine in dogs,®**°"1 Currently, no
studies have been published on the use of Nocita in cats.
As part of the FDA approval process, Aratana
Therapeutics conducted 2 studies, 1 on effectiveness and
the other to assess the safety profile in cats.*

Liposomal bupivacaine has the potential of becoming 1
of the few options for managing postsurgical pain
currently when the availability of opioid drugs is
becoming alarmingly limited. Although it has been used
experimentally via different block modalities, only local
tissue infiltration for cranial cruciate ligament surgery in
dogs and peripheral nerve block for onychectomy in cats
has been approved. Further clinical trials are needed to
assess the efficacy and safety of this formulation
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