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The principles and
conduct of anaesthesia
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Abstract

Anaesthesia is one of the younger specialities of medicine and has
made immense advancement since its inception. Modern anaesthesia
techniques, drugs, and monitoring methods have facilitated the devel-
opment and advancement of surgical practice, which benefits
patients. This article provides an overview of the pharmacology and
the conduct of a general anaesthetic. Regional anaesthesia has always
been an integral part of the practice of anaesthesia and surgery. We
discuss the essential components of the practice of neuraxial anaes-
thesia and peripheral nerve blocks. It is known that many surgical
trainees are deficient in the knowledge of the safe administration of
local anaesthetics, which we have tried to address in this article and
present the latest in the prevention and management of local anaes-
thetic systemic toxicity.
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Introduction

Between 266 and 359 million operations are performed world-
wide each year. The majority of these will need general anaes-
thesia, regional anaesthesia or deep sedation to facilitate the
surgical procedure.’

Patients can choose from general anaesthesia, central neu-
raxial anaesthesia (spinal, epidural, and combined spinal—
epidural), peripheral nerve blocks and local anaesthesia. Each
of these can be used as a sole anaesthetic or in combination. The
choice of an option depends on patient and surgical factors such
as the nature, duration, site of surgery, patient’s premorbid
conditions, and patient consent. In the UK NHS hospitals,
700,000 central neuraxial blocks (spinals, epidurals, and com-
bined spinal—epidurals) are performed yearly. A rough estimate
suggests 8% —10% of all operations are performed under neu-
raxial anaesthesia in the UK.? Over 90% of caesarean sections,
more than 60% of hip replacements and more than 50% of knee
replacements are carried out under a central neuraxial block
(CNB). However, these estimates may have changed due to the
pandemic. Regional anaesthesia was recommended as a
preferred mode of anaesthesia during this period due to its many
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perceived benefits, e.g. it avoids generating aerosols, which in-
crease the transmission of COVID-19.

The reliability and success rates of peripheral nerve blocks
have greatly improved using ultrasound, and adding adjuvants
such as dexamethasone has helped prolong analgesia, ensuring
patient comfort through discharge home. Many upper and lower
limb procedures can be performed as ambulatory surgery
without requiring a general anaesthetic.

Many surgical procedures are performed under a general
anaesthetic, particularly coelomic surgeries. Balanced anaes-
thesia refers to using a combination of anaesthetic drugs to
provide optimal operative conditions. This approach reduces the
dose of multiple anaesthetic drugs to a safer level. If only one
drug were to be used to achieve good operative conditions, the
chances of potentially harmful side effects would be significantly
higher.

General anaesthesia

In 1846, Morton delivered the first general anaesthetic using
ether at Massachusetts General Hospital. General anaesthesia has
evolved to a very different level since Morton demonstrated his
technique. Major strides in airway management and the discov-
ery of new drugs have enabled the delivery of what we today
know as balanced anaesthesia.

Amnesia, analgesia and akinesia are the three main compo-
nents of balanced anaesthesia. Amnesia is achieved via the loss
of consciousness using intravenous or inhalation anaesthetic
agents. Analgesia is provided by using a variety of options such
as intravenous drugs and/or regional anaesthesia, and akinesia
by neuro-muscular blockade (also termed muscle relaxation/
paralysis) by using intravenous agents or by ensuring adequate
analgesia and amnesia in a spontaneously breathing patient.

General anaesthesia is a state of controlled loss of con-
sciousness using one or more anaesthetic agents. These agents
can be broadly divided into intravenous and inhalational based
on the mode of administration.

Intravenous agents

Used intravenously, these agents bring about loss of conscious-
ness usually within one arm-brain circulation time. They are fat
soluble and penetrate the blood—brain barrier to exert their
effect.

Propofol is the most used intravenous agent. It is a phenolic
derivative presented as a lipid-soluble, oil—water emulsion. It is
available as a 1% or 2% solution. Ease of administration, rapid
onset and easy titratability have made propofol the drug of choice
for the induction of most general anaesthetics. It is also used for
total intravenous anaesthesia (TIVA) and sedation. It obtunds
upper airway reflexes and is ideal for use with supraglottic air-
ways like laryngeal mask airways (LMAs) or an i-Gel. Sedative
use includes during regional anaesthesia, patient transfers and in
the intensive care unit. Its mechanism of action is believed to be
by the reduction in the opening time of sodium channels. Com-
mon side effects include respiratory depression, apnoea, hypo-
tension, and pain on injection. Propofol infusion syndrome,
characterized by multiorgan failure leading to death when high
doses of propofol were used for sedation, had led to the with-
drawal of its licence for use in paediatric sedation.
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Thiopentone or thiopental sodium is a barbiturate used as an
IV induction agent. The dose ranges between 3 and 6 mg/kg.
First used in the 1930s, it has stood the test of time and remains
in use to this day. It is also used as an anticonvulsant and to
reduce raised intracranial pressure in neuroanaesthesia and
critical care. It is presented in powder form that needs to be
diluted in sterile water. It exerts its effect by increasing the
conductance of chloride ions into nerve cells through GABA
(gamma-amino-butyric acid) channels, resulting in neuronal in-
hibition through hyperpolarization. Common side effects include
respiratory depression, apnoea, hypotension and tachycardia. It
can precipitate a crisis in patients with porphyria. Crystallization
and limb-threatening distal ischaemia due to precipitates have
been reported with inadvertent intra-arterial injection.

Ketamine is a phencyclidine used as an IV induction agent on
its own or in combination with other induction agents. It is
unique as it can also be administered intramuscularly or orally
for anxiolysis, sedative or analgesic effects. Ketamine has potent
analgesic effects and has been used in the treatment of acute and
chronic pain. It is commonly used in the obtunded or shocked
patient as, unlike other induction agents, it causes sympathetic
stimulation, an increase in cardiac output, blood pressure and
heart rate. Airway reflexes and respiratory depression are less
reliably suppressed than other agents. It acts mainly through
NMDA (N-methyl p-aspartate) receptors by antagonizing gluta-
mate, the excitatory neurotransmitter. Its most common side
effects include hallucinations and unpleasant emergence phe-
nomenon. Ketamine is classed as a controlled drug due to its
abuse potential.

Other less commonly used IV induction agents include eto-
midate, an imidazole compound, benzodiazepines, e.g. mid-
azolam, and opioids, e.g. fentanyl. The latter two are more
frequently used as co-induction agents rather than sole induction
agents.

Inhalational agents

Inhalational agents were the first anaesthetic agents to be used.
Humphrey Davy demonstrated the use of nitrous oxide in 1800.
Ether was the first ever documented modern day anaesthetic
agent used by Morton in 1846. Chloroform followed shortly after
in 1847. Neither of the two are today used as anaesthetic agents
in the developed world, due to their side effects and the avail-
ability of better agents.

Nitrous oxide has analgesic properties but is not potent
enough to be used on its own to produce anaesthesia. It is used
as a carrier gas in combination with other volatile agents and as
Entonox, a 50:50 mixture with oxygen for labour analgesia and
other painful procedures in the hospital and in the field. Common
side effects include expansion of air-filled cavities, bone marrow
suppression, and emetogenesis. Unlike other anaesthetic gases,
its administration does not always need the presence of an
anaesthetist. The use of nitrous oxide has declined massively in
anaesthetic practice, and major anaesthesia organizations in the
UK have called for decommissioning of the pipeline supply due to
financial and environmental concerns (greenhouse gas).

The modern-day inhalational agents are halogenated hydro-
carbons. They are mostly used for the maintenance of anaes-
thesia. They require an accurately calibrated vaporizer to be
administered safely. Their potency is measured in terms of the
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minimum alveolar concentration (MAC). Depending on the MAC
used, they cause varying degrees of obtundation of airway re-
flexes and respiratory depression, culminating in apnoea, vaso-
dilatation, and hypotension. All volatile anaesthetics can
precipitate potentially fatal malignant hyperthermia (MH) in
susceptible patients.

Sevoflurane is a non-irritant agent commonly used for main-
taining and inducing anaesthesia in children and adults where IV
cannulation is not possible. It has a quick onset and offset of
action. Theoretically, it can cause renal damage by producing
compounds in the breathing circuit.

Isoflurane is an inhalational agent that is an irritant to the
airways; it can only be used for maintenance of anaesthesia. A
relatively slow offset of action can lead to longer recovery times
compared to newer and more expensive agents like sevoflurane
or desflurane.

Desflurane is another inhalational anaesthetic that is irritant
to the airways and is only used for maintenance of anaesthesia. It
has a rapid offset and is commonly used in cases where rapid
awakening is required. It is more expensive than other agents
and has a lasting adverse effect on the environment. As a result,
and in line with the NHS net zero targets, it has been decom-
missioned from national use by NHS England bar specific clinical
exceptions.

Halothane is an older volatile agent; being non-irritant it can
be used for induction and maintenance of anaesthesia. Its serious
side effects include halothane hepatitis and cardiac arrhythmias.
It disappeared from clinical practice in western countries many
years ago, although is still used in the laboratories to diagnose
susceptibility to malignant hyperthermia and in a low-resource
environment such as low-income countries.

Neuro-muscular blockers (muscle relaxants)

Muscle relaxation (i.e. paralysis) is indicated to facilitate tracheal
intubation and provide optimal conditions for surgery. Muscle
relaxants do not provide anaesthesia and should never be used
without an anaesthetic agent. Not all patients having a general
anaesthetic require muscle relaxation — those that do not need
tracheal intubation or that can be allowed to breathe spontane-
ously can be operated upon without the use of a muscle relaxant.
Most modern-day ventilators will also support ventilation
without muscle relaxation by synchronizing with the patient’s
respiratory effort.

All muscle relaxants act on the neuromuscular junction by
inhibiting the propagation of the action potential from the nerve
to the muscle, causing muscle paralysis.

Normally, conduction of an action potential releases
acetylcholine-containing vesicles into the synaptic cleft. This, in
turn, leads to an influx of sodium into the motor endplates and
an endplate potential, resulting in muscle contraction.

Historically, muscle relaxants have been classified as depo-
larizing and non-depolarizing agents.

Depolarizing muscle relaxants

Suxamethonium chloride or succinylcholine — this rapidly acting
muscle relaxant of short duration is simply two acetylcholine
molecules joined by acetyl bonds. Due to its structure, it mimics
the action of acetylcholine at the nicotinic acetylcholine receptors
in the neuromuscular junction. However, unlike acetylcholine, it
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does not get hydrolysed by acetylcholine esterase and stays
in situ, causing prolonged depolarization and muscle relaxation.
The muscle relaxes only after the calcium is removed from the
muscle cell cytoplasm independent of repolarization. Serious
side effects such as malignant hyperthermia, anaphylaxis, sux-
amethonium apnoea, arrhythmias, hyperkalaemia, and muscle
pains have led to the decline in its use.

Non-depolarizing muscle relaxants®
These are competitive antagonists at the acetylcholine receptors.
They occupy the receptors and competitively inhibit acetylcho-
line. As their concentration increases, complete blockade of
neuromuscular transmission occurs. Their action can be reversed
by anticholinesterases like neostigmine, which allows acetylcho-
line stores to increase at the neuromuscular junction. Neostig-
mine is given with an anticholinergic such as glycopyrrolate to
avoid the precipitation of muscarinic side effects such as brady-
cardia. It is also important to remember that neostigmine will only
act as the block is wearing off but will fail to work in a dense
block. A newer reversal agent sugammadex is useful in the
reversal of muscle relaxants that have the amino-steroid structure
(e.g. rocuronium). Unlike neostigmine, sugammadex has a dose-
dependent action and can be used even in a dense block.
Non-depolarizing muscle relaxants can be broadly divided
based on their duration of action.

Short duration of action: Mivacurium was introduced in the UK
in 1993 as a muscle relaxant for short elective procedures. It is a
benzylisoquinoline ester molecule. It undergoes rapid degrada-
tion by pseudocholinesterase and is less dependent on hepatic
and renal metabolism. Patients deficient in pseudocholinesterase
will exhibit an abnormally prolonged duration of action. It has
weak histamine-releasing properties.

Medium duration of action: Atracurium is also a benzylisoqui-
noline ester, marketed in the UK since 1982. Part of it undergoes
spontaneous degradation in the body (Hoffman degradation) and
is useful in patients with hepatic or renal diseases. Part of it is
also metabolized by lung and plasma esterases. It causes mod-
erate histamine release; cardiovascular side effects are rare.

Rocuronium is an amino-steroid, first used in clinical practice in
1995. It has, to a major extent, replaced suxamethonium in rapid
sequence inductions as it acts almost as quickly in the appropriate
dosage and can be reversed by sugammadex. It has a better side
effect profile than suxamethonium. It has mild vagolytic effects.

Vecuronium has been available since 1980 and is similar in
structure to rocuronium. It comes in powder form that needs to
be reconstituted. Vecuronium is devoid of cardiovascular side
effects and is the drug of choice in patients with atopy as it does
not release histamine.

Long duration of action: Pancuronium is an amino-steroid that
has been available since 1967. It has a long duration of action.
Tachyarrhythmias may be a problem for a select group of pa-
tients. Its use has declined in recent years.

Adjuncts to anaesthesia
Analgesia: adequate analgesia is very important during the
perioperative period. Balanced anaesthesia requires multimodal
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analgesia. The dosage of anaesthetic agents decreases consider-
ably in the presence of optimal analgesia. Good pain control in
the perioperative period decreases the potentially harmful effect
of sympathetic stimulation. It is also known to decrease the
incidence of chronic pain. Commonly used systemic drugs
include paracetamol, non-steroidal anti-inflammatory drugs and
opioids. Those used less frequently include clonidine, ketamine,
and magnesium. Local infiltration regional and central neuraxial
methods are also widely used.

Antiemetics: postoperative nausea and vomiting (PONV) is a
well-researched complication with well-documented contribu-
tory risk factors that include patient (females, non-smokers,
history of PONV), surgical (ENT, eye, GIT, gynaecological) and
anaesthetic factors (the use of opioids, inhalational agents,
gastric dilatation, dehydration). Antiemetics commonly used are
5-HTj; antagonists, e.g. ondansetron, anticholinergics, e.g. cycli-
zine and steroids, e.g. dexamethasone. These can be given pro-
phylactically intraoperatively and as rescue postoperatively.

Good control over pain and postoperative nausea and vom-
iting is crucial to excellent patient experience and the success of a
day case service.

The conduct of general anaesthesia
Broadly, this is classified as:

1. Preoperative assessment.

2. Intraoperative management.

3. Postoperative management.

Preoperative: once a patient is listed for an elective procedure, a
preoperative anaesthetic assessment is scheduled and carried out
by trained pre-assessment personnel. A detailed history, relevant
examination and investigations are carried out. Any issues
identified are referred to the anaesthetist or a specialist who can
advise on optimizing the patient. Elective patients will also be
seen by the anaesthetist on the day of the procedure. In the case
of an urgent or emergent procedure, a patient is usually assessed
by the anaesthetist on the day of surgery. Any special arrange-
ments, e.g. provision for difficult airway, blood loss, high de-
pendency or intensive care need to be communicated to the team
caring for the patient.

Intraoperative is divided into three phases: induction, mainte-
nance, and emergence.

Induction of general anaesthesia is a critical phase; it involves
administering potent drugs with life-threatening side effects in a
short time interval. It is also a time when the airway is secured,
and failure to do so can be catastrophic. It could be the time of
most haemodynamic instability, and a trained assistant should
always be available.

Maintenance of general anaesthesia involves the use of
various agents to continue balanced anaesthesia. The anaesthe-
tist monitors and maintains cardiorespiratory and anaesthetic
parameters within the normal range. The Association of Anaes-
thetists for Great Britain and Ireland has set out standard moni-
toring that should be available for all patients undergoing an
anaesthetic. Specialist monitoring will be indicated in patients
that are medically or surgically complex, e.g. invasive arterial
and central venous pressure.
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Emergence from anaesthesia is more than the discontinuation
of anaesthesia. Reversal of anaesthetic agents, e.g. muscle
relaxant and extubation of the trachea in an intubated patient
happens at this stage. Timing and assessing the patient for read-
iness for reversal are crucial to delivering a safe anaesthetic. It is
another critical phase in the perioperative journey of a patient.

Postoperative: most patients will be recovered in the post
anaesthesia care unit (PACU), within the theatre suite close to
where the patient was anaesthetized. This may be divided into a
stage 1 recovery and a stage 2 recovery area, or patients may be
directly discharged to the ward from the stage 1 recovery area.
Monitoring and management of any postoperative complications
occur at this time; this may be analgesia, postoperative nausea/
vomiting, hypothermia or more serious complications like
bleeding or organ failure. Once stable, the patients are discharged
to the ward.

High-risk patients who require intensive care or high de-
pendency care postoperatively may bypass the post anaesthetic
care unit and be admitted directly to their destination wards with
specialized monitoring or adjuncts in situ.

Regional anaesthesia

Regional anaesthesia inhibits the transmission of nociceptive
impulses to the central nervous system by blocking nerves in a
region of the body or at the level of the spinal cord. The quality of
pain relief provided by regional anaesthesia is superior to opi-
oids. According to a Cochrane review, when used alone, neu-
raxial anaesthesia reduces the risk of perioperative mortality by
29% and the risk of pneumonia by 30%—55%." It may reduce
the length of stay in the hospital after lower limb arthroplasty.’
The Royal College of Anaesthetists have commissioned NAP 8,
i.e. the 8th National Audit Project (2026), which will focus on the
complications of regional anaesthesia but is likely to provide a
wealth of information related to it.
Just like a general anaesthetic, a regional anaesthetic is

planned and conducted in three phases:

1. Preoperative assessment.

2. Intraoperative management.

a) Induction: i.e. siting a neuraxial or peripheral nerve
block with or without sedation/general anaesthetic

b) Maintenance: ensuring patient comfort, anxiolysis and
continued adequate analgesia, along with cardiovas-
cular and respiratory monitoring, and for any adverse
events.

c) Recession of a block/emergence: recession of a nerve
block usually occurs spontaneously as the body metab-
olizes the local anaesthetic in the postoperative phase.

3. Postoperative phase: plan to ensure the continuation of
excellent analgesia provided by a nerve block and commence
high-quality regular analgesia on time.

Neuraxial block: spinal (subarachnoid), epidural or

caudal anaesthesia

Spinal anaesthesia is used for anaesthesia and analgesia for sur-
gery on the lower abdomen, pelvis, and lower limbs. It is sited at a
lower lumbar level (L; and below) to avoid potential spinal cord
damage. Epidurals are sited at both thoracic and lumbar levels,
commonly to provide postoperative analgesia but could be used
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as the main mode of anaesthesia, e.g. using an epidural sited for
labour analgesia for a caesarean section. Caudal anaesthesia is an
epidural block sited via the sacral hiatus and is used mainly in the
paediatric population. It is relatively easy to perform and provides
good analgesia for procedures in the distribution of lumbar and
sacral nerves, e.g. herniorrhaphy and circumcision.

Local anaesthetics are used for neuraxial blocks. Opioids
added to local anaesthetics provide better quality blocks, longer
pain relief and the benefits of a lower dose of local anaesthetic. A
continuous infusion of a dilute solution of a local anaesthetic and
a short-acting opioid is often used for labour analgesia and after
procedures such as thoracotomy and laparotomy, e.g. bupiva-
caine 0.1% with fentanyl 2 mcg/mL, is often used for post-
operative epidural analgesia.

Complications of neuraxial anaesthesia
Immediate complications: nausea and vomiting after a spinal
anaesthetic are common, especially in the parturient population.
Most commonly, this is due to hypotension secondary to sym-
pathetic blockade. Other factors include the use of intrathecal
opioids, exteriorization of the uterus, and peritoneal stimulation.
Hypotension after spinal anaesthesia is primarily the result of
the blockade of preganglionic sympathetic fibres. The degree of
hypotension is mainly related to the level of the sympathetic
block, but there are many other factors which could affect the
drop in blood pressure, e.g. preoperative hypovolaemia, history
of hypertension, high BMI, the urgency of surgery and chronic
alcohol consumption. Spinal anaesthetic causes venodilatation,
significantly reducing venous return (preload), and arterial
vasodilatation reduces the afterload, leading to a fall in the car-
diac output. A high block (sensory block higher than Ts) could
lead to bradycardia due to the blockade of cardiac accelerator
fibres (thoracic segments) and a further fall in blood pressure.
Postoperative hypotension in a previously stable patient is rarely
due to an epidural analgesic infusion. A thorough clinical
assessment of such patients establishing the segmental level of
sensory block is the first step. Overlooking other important fac-
tors such as fluid deficit, bleeding, sepsis, and adverse cardio-
vascular events, could be catastrophic.®
High block and total spinal anaesthesia: Sensory block above
the level of Ts is likely to cause significant hypotension, needing
aggressive use of vasopressors and fluids to maintain adequate
end-organ perfusion. It may cause a feeling of dyspnoea and res-
piratory compromise if the local anaesthetic reaches cervical nerve
roots. Total spinal anaesthesia leads to loss of consciousness,
apnoea and severe hypotension and should be managed appro-
priately. It may be caused by overdosage of local anaesthetics,
accidental subarachnoid injection of an epidural dose of a local
anaesthetic, e.g. due to catheter migration or subdural injections.
Local anaesthetic systemic toxicity: A patient is likely to suffer
local anaesthetic systemic toxicity if a large dose of local anaes-
thetic is injected intravascularly by accident. Such an event is
more likely to happen while administering an epidural injection.
Shivering occurs due to core body hypothermia following
widespread vasodilation and redistribution of core body heat
from warmer areas, such as the upper body, to peripheral areas.
Strategies such as forced-air warming, warm intravenous fluids,
administration of intrathecal fentanyl, intravenous ondansetron
or tramadol can reduce shivering.
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Late complications: respiratory depression could occur 12—24
hours after administration of long-acting intrathecal opioids, e.g.
morphine, as it rises in the CSF and reaches the respiratory
centre. The mainstay of treatment is oxygen supplementation
and close monitoring of the patient.

Urinary retention occurs due to autonomic block, especially in
the elderly. It is commonly associated with the use of intrathecal
opioids.

Pruritis usually occurs in the postoperative period and is
related to the use of intrathecal opioids. Simple antihistaminic
drugs like chlorphenamine provide relief if the patient finds it too
uncomfortable.

Post-dural puncture headache (PDPH) is more common in
younger patients (<40 years). The headache usually starts 48—72
hours after the procedure. It is distributed over the occipitofrontal
region, radiates to the neck/shoulder area, and could be severe.
The patient feels worse when standing up and finds a supine
position more comfortable. Other features of meningeal irritation,
such as nausea/vomiting, tinnitus, vertigo, and visual distur-
bances, could be associated with PDPH. The patient should be
encouraged to lie down in a comfortable position. Other strategies
such as adequate fluids, simple analgesics, anti-emetics, and
reassurance may help initially. Caffeine/caffeinated drinks also
help due to their cerebral vasoconstrictor properties if simple
analgesics are insufficient. An epidural blood patch, where freshly
drawn venous blood is injected via an epidural route, may be
required when other methods have failed to provide relief.”

Other rare complications include spinal canal abscess, men-
ingitis, and spinal canal haematoma.

Contraindications to neuraxial anaesthesia
Absolute contraindications: patient refusal, localized infection,
raised intracranial pressure, untreated hypovolaemia.

Relative contraindications are coagulopathy, sepsis, and fixed
cardiac output states.

Peripheral nerve blocks

Peripheral nerve blocks are often combined with a general
anaesthetic to provide intraoperative and postoperative analgesia.
According to an estimate, approximately 10,000 peripheral nerve
blocks could be performed in a large UK teaching centre in a
year.® With the availability of high-quality ultrasound machines
and expertise in the interpretation of sonoanatomy, success rates
of nerve blocks have improved. Hence, peripheral nerve blocks
are a practical alternative to general anaesthesia, especially for
ambulatory surgery. However, it is crucial to have a detailed
discussion with the patient to set a correct expectation for having
surgery under regional anaesthesia. Providing reassurance and
winning patient confidence is crucial for the success of this
approach. A surgeon can often help by initiating this conversation
in the clinic when deciding to proceed with the surgery.

Upper limb blocks: different approaches can block the brachial
plexus to provide anaesthesia and analgesia for upper limb sur-
gery. Sympathetic denervation following a peripheral nerve block
is often a desirable ‘side effect’ for microvascular surgery.
Interscalene brachial plexus block is performed in the neck by
infiltrating local anaesthetic around the nerve roots (C5—7)
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between anterior and middle scalene muscles to provide anal-
gesia and anaesthesia for surgery around the shoulder region and
upper arm. Complications include blockade of the phrenic nerve,
accidental intravascular injection, subarachnoid injection, and
nerve damage. An interscalene block in combination with a
supraclavicular nerve block is used for awake surgeries such as
subacromial decompression and arthroscopic procedures.

Supraclavicular brachial plexus block: As the name suggests,
the local anaesthetic is injected above the clavicle close to sub-
clavian vessels around the trunks of the brachial plexus. This
block provides analgesia for arm, forearm, and hand surgery
with or without a general anaesthetic. Possible complications are
an incomplete block of the lower trunk (C8—T1) and escape of
the ulnar nerve, phrenic nerve block (reported in 50% of pa-
tients), Horner’s syndrome and a rare risk of pneumothorax.

Infraclavicular brachial plexus block: The local anaesthetic is
injected below the clavicle, just medial to the coracoid process at
the level of brachial plexus cords. This block provides good
analgesia for arm, forearm, and hand surgery. It is technically
more challenging to inject around deeper structures and is better
suited for indwelling catheters for postoperative analgesia.

Axillary brachial plexus block is considered the safest
approach to a brachial plexus block. The injection is performed
at the level of the deltopectoral groove in the axilla around four
terminal nerves of the brachial plexus. Ultrasound guidance has
improved the success rate of this block as the position of nerves
is highly variable, especially the musculocutaneous nerve. This
approach suits forearm and hand surgery with or without a
general anaesthetic.

Lower limb blocks: provide good analgesia for surgery on the
lower limb. Depending on the local anaesthetic and adjuncts
used, it can provide analgesia for up to 24 hours, avoiding side
effects such as urinary retention and sympathetic blockade seen
with indwelling epidural catheters. Most lower limb blocks are
often combined with a general anaesthetic for a patient to
tolerate a thigh tourniquet.

Femoral nerve block: Provides analgesia and anaesthesia for
surgery of the anterior thigh, femur, and knee, e.g. femoral frac-
tures, muscle biopsy for testing the susceptibility to malignant
hyperthermia. Combined with a sciatic nerve block, it can provide
analgesia for the whole lower limb. With basic training, it is a
simple and easy-to-perform block with minimal side effects.

Fascia iliaca block: A fascial plane block aiming to provide
analgesia in the distribution of the femoral nerve and lateral
cutaneous nerve of the thigh. It has a lower risk profile than the
femoral nerve block. Fascia iliaca block is recommended for
providing analgesia to all patients presenting with proximal
femoral fractures.

Adductor canal block/saphenous nerve block: Injection of
local anaesthetic in the adductor canal (sub-sartorial space)
anaesthetizes saphenous nerve and other sensory nerves in this
potential space. It provides good analgesia for procedures on the
knee, such as total knee replacement procedures on the antero-
medial leg, as well as ankle and foot surgery. An adductor canal
block may preserve the motor strength of thigh muscles better
than the femoral nerve block.

Sciatic nerve block is used to provide analgesia for leg, ankle,
and foot surgery in combination with the saphenous nerve block.
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It can be performed using an anterior, trans-gluteal, and sub-
gluteal approach. Most commonly, the sciatic nerve is blocked
in the popliteal fossa.

Obturator nerve block has very selective indications and is
used rarely clinically, e.g. for relieving spasms in patients
suffering from cerebral palsy and hemiplegia.

Ankle block: Surgery on the midfoot and forefoot can be very
painful postoperatively, and an ankle block provides excellent
analgesia for such a procedure. Two deep nerves (posterior tibial
and deep peroneal) and three superficial nerves (saphenous,
superficial peroneal and sural) are anaesthetized with or without
ultrasound guidance. Patients tolerate an ankle tourniquet very
well after an ultrasound-guided ankle block, and the surgery can
be carried out without general anaesthetic. It is a simple, safe
block without major side effects (Figure 1).

Trunk blocks for surgery: apart from siting a thoracic epidural
and an indwelling catheter, the following techniques could be
used for postoperative analgesia after surgery on the trunk.

Paravertebral block performed most commonly at the thoracic
level. The continuity of paravertebral space between T; and T,
levels allows the spread of injected local anaesthetic. Indwelling
catheters can be sited for postoperative analgesia using dilute
local anaesthetic infusion. It is used for analgesia after rib frac-
tures, unilateral breast, thoracic and abdominal surgery. Possible
complications are hypotension, pleural puncture, and pneumo-
thorax. The epidural spread of the injected drug may occur,
leading to a bilateral block.

Transversus abdominis plane (TAP) block is used to provide
analgesia after surgery, including the abdominal wall. A large
dose of diluted local anaesthetic is injected in a plane just above
the transversus abdominis muscle, often under ultrasound
guidance. The aim is to anaesthetize intercostal, subcostal and L,
segmental nerves.

Rectus sheath block is used to provide analgesia for midline
abdominal wall incisions. Possible complications include incom-
plete block, peritoneal perforation, and damage to the bowel.

Intercostal blocks have been used in the past to provide
analgesia after rib fractures and breast surgery. They have fallen

Figure 1 A patient undergoing hallux valgus correction under ankle
block and sedation using an ankle tourniquet.
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out of favour due to a high risk of pneumothorax and local
anaesthetic toxicity due to rapid absorption.

Interpectoral, pectoserratus, and serratus anterior and erector
spinae plane blocks are relatively new fascial plane blocks. The
interpectoral, pectoserratus and serratus anterior plane blocks
are used for analgesia after breast surgery. They could be used in
combination or without a paravertebral or thoracic epidural for
awake major breast surgery and/or axillary dissection.’”'” The
erector spinae plane block could be used for analgesia after chest
wall surgery and for rib fractures. It is considered non-inferior to
the gold standard paravertebral block but is popular for its ease
of performance and favourable safety profile.

Ophthalmic surgery: retrobulbar, peribulbar and sub-tenon
blocks provide anaesthesia for eye surgery. Out of the three
techniques, the sub-tenon block is considered to be the safest.
The risk of serious complications such as injuries to the globe,
optic nerve damage and accidental subarachnoid injection is
higher with older techniques such as retrobulbar or peribulbar
injection. With advances in technology, cataract surgery is now
possible under topical anaesthesia.

Cervical plexus block for vascular surgery: superficial cervical
plexus block is performed most commonly for vascular surgery,
such as an awake carotid endarterectomy. The use of deep cer-
vical plexus block has declined due to an unfavorable risk profile
and the equivalence of superficial plexus block for this surgery.

Local anaesthetic agents

Basic pharmacology

Local anaesthetics can be classified as amides or esters depend-
ing on the connecting intermediate chain between the lipophilic
(aromatic) and the hydrophilic (amine) parts of the molecule.
Amides rarely cause allergic reactions, while esters are more
likely to precipitate such reactions due to para-aminobenzoic
acid (PABA) production when metabolized.

Mechanism of action
Local anaesthetics act by two mechanisms preventing trans-
mission of the action potential.

e Blockade of Na*channels: Local anaesthetics bind to sodium
channels, holding them in an ‘inactive’ state and preventing
depolarization of the neuronal cell membrane. This inhibits
the propagation of an action potential. They act from within
the cell membrane; therefore, the molecules of a local
anaesthetic must permeate through the cell membrane. The
unionized form of the local anaesthetic molecule, which is
lipid soluble, crosses the phospholipid membrane and be-
comes ionized intracellularly to exert its action.

e Membrane expansion: The unionized form of local
anaesthetic molecules is incorporated into the cell mem-
brane, disrupting the Na™ channel’s function.

Many other factors affect the pharmacological properties of
local anaesthetics. In an acidic environment around an abscess, a
larger proportion of a local anaesthetic will exist as an ionized
fraction, making it less effective. Highly lipid-soluble molecules
such as bupivacaine and ropivacaine are more potent than
lidocaine, which is relatively less lipid-soluble. Highly protein-
bound drugs such as bupivacaine and ropivacaine have a
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longer duration of action than lidocaine and prilocaine. The
addition of adrenaline causes localized vasoconstriction, which
slows the drug’s systemic absorption. It increases the duration of
action and intensity of the block produced by the local anaes-
thetic. Clinically, lidocaine is the drug most often used in com-
bination with adrenaline.

Choice of a local anaesthetic
The choice of a local anaesthetic for a patient could depend on
many factors, e.g., the duration of anaesthesia/analgesia
required. Other factors, such as additives to a local anaesthetic,
should be considered, e.g., adrenaline-containing solutions are
traditionally avoided for sites with terminal circulation, such as a
ring block for digits. However, the literature suggests the risk of
digital necrosis is overstated, and other factors may play a sig-
nificant part in such an event.'"'?

Table 1 provides a guide that could help choose a local
anaesthetic.

Local anaesthetic systemic toxicity (LAST)

Accidental intravenous injection or fast absorption of a local
anaesthetic (e.g. from a highly vascular area) could lead to a
rapid rise in plasma concentration of free drug above toxic levels.
The evidence base for emerging trends in local anaesthetic sys-
temic toxicity is case reports due to the nature of the problem.
The current incidence of local anaesthetic systemic toxicity
(LAST) is 1—2/1000. The latest data from the case reports after
December 2017 (36 cases) suggest a surgeon was administering
local anaesthetic in 39% of cases (5.5% dentist, 5.5% self-
administered, 50% anaesthetist); 14% of cases occurred in

outpatient clinics such as dental, urology and pain, 17 % of cases
in centres for outpatient surgery and 61 % in a hospital. Of all the
in-hospital cases, 32% occurred outside the operating theatre
(wards, radiology suites, etc.) and 68% in a theatre suite.

Apart from major plexus and nerve blocks, 14% of cases
occurred after intraurethral or intravaginal or perineal nerve
blocks and 11% after subcutaneous skin infiltration. Lidocaine
was associated with 66% of cases of LAST (44 % as a sole agent,
22% in combination with another local anaesthetic). There were
11 cases (31 %) of obvious overdosage, 10 of which had lidocaine
administered to the patient. A 33-year-old patient developed
LAST in a physician’s office after subcutaneous infiltration of
5000 mg of lidocaine during the liposuction procedure. Two
hours later, she developed cardiac arrest and died from compli-
cations secondary to anoxic brain injury.'” The extremes of ages
(30% cases >65 years of age, and 6% <5 years) also seem more
susceptible to LAST, probably due to lower muscle mass and
other pharmacokinetic and pharmacodynamic factors. The re-
view referenced here was published in the journal Anaesthesia
and should be read by any professional using local anaesthetics
regardless of their speciality."*

Safe administration of local anaesthetics

Functioning resuscitation equipment and additional help must be
readily available in an area where local anaesthetics are used.
The operator should be aware of the location of the intravenous
lipid emulsion solution. Secure intravenous access is a good
standard of care to follow. Continuous communication with the
patient, while local anaesthetic is injected, may give an early
indication of an impending problem. Frequent aspiration while

Pharmacological and clinical features, and uses of commonly available local anaesthetics®

Name Type Onset
Lidocaine Amide Fast (2—4 min)
Prilocaine Amide Fast (2—4 min)

Lidocaine and Prilocaine Amides Slow (60 min)
Bupivacaine Amide Moderate (5—10 min)
Levobupivacaine Amide Moderate (5—10 min)
Ropivacaine Amide Moderate (5—10 min)
Tetracaine (Amethocaine) Ester Slow

Table 1
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Duration Clinical uses
Moderate Topical
(70—140 min after infiltration) Infiltration
Nerve blocks
Epidural anaesthesia
Moderate Topical
(70—140 min after infiltration) Infiltration
Nerve blocks

Spinal anaesthesia

IV regional anaesthesia

Skin cream before venepuncture
Skin graft harvest site
Infiltration

Long
(approx. 200 min after infiltration)

Long
(approx. 200 min after infiltration)

Long
(approx. 200 min after infiltration)

Long
(4—6 hours)

228

Nerve blocks

Spinal and epidural anaesthesia
Infiltration

Nerve blocks

Epidural anaesthesia

Infiltration

Nerve blocks

Epidural anaesthesia
Ophthalmic anaesthesia

Skin cream before venepuncture
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injecting the local anaesthetic helps in confirming that the needle
tip is not placed intravascularly or has migrated during the in-
jection. Tachycardia while injecting adrenaline-containing solu-
tions could be due to inadvertent intravascular injection or a
normal response to a painful stimulus or anxiety.

The dose of a local anaesthetic: the choice and the dose of a
local anaesthetic must be considered in advance. A senior plastic
surgeon was overheard teaching a trainee, ‘use the minimum
amount and most dilute solution you can’. ‘It is often a case of
waiting a bit longer than injecting more local anaesthetic’.

The maximum safe doses often mentioned in a textbook
provide a rough guide but are a good starting point (Table 2).
The British National Formulary (BNF) clearly states that these
doses should be calculated based on ideal body weight to
avoid over-dosing an obese patient. The increased risk of
toxicity is also associated with patient factors such as the
elderly, paediatric and pregnant patients and in a patient with
renal, liver, and cardiac disease. Awareness of these high-risk
populations may help mitigate the risk of LAST. The injection
site influences the drug’s absorption rate and the consequent
peak plasma concentration of the free drug. Rapid absorption
can occur from sites such as intercostal blocks and topical
anaesthesia, while subcutaneous injections are relatively low
risk.

Table 2 illustrates the recommended maximum safe dose of
various local anaesthetics based on a patient’s ideal body weight.

Box 1 gives an example of calculating an indicative maximum
safe dose of a local anaesthetic for a patient based on their ideal
body weight.

When a mixture of local anaesthetics is used, their toxic ef-
fects are additives, and the dose of each local anaesthetic used
should be reduced accordingly. One suggested method is if half
the maximum safe dose of local anaesthetic A had been used,
then no more than half the maximum safe dose of local anaes-
thetic B should be used if a practitioner wishes to use a mixture
of local anaesthetic A and B.'*

Management of local anaesthetic systemic toxicity

(LAST)

A comprehensive strategy to manage local anaesthetic systemic
toxicity is shown in Figure 2.

The recommended maximum dose of various local
anaesthetics based on ideal body weight

With Without Maximum recommended
adrenaline adrenaline dose for a field block
(mg/kg)  (mg/kg)  (BNF)

Lidocaine 7 3 200 mg; 500 mg for
solutions containing
adrenaline

Prilocaine 6 400 mg

Bupivacaine 2 2 150 mg

Ropivacaine 3 3 225 mg

Levobupivacaine 2 2 150 mg

Table 2
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Example of how to calculate the maximum volume of a
local anaesthetic that can be given to a patient

Ray has been listed for a cubital tunnel decompression under local
anaesthetic. He is 57 years old, weighs 70 kg and does not have any
renal, hepatic, or cardiac disease. How much levobupivacaine 0.5%
can be used safely for this patient?

The total volume of a local anaesthetic that can be given safely to any
patient can be calculated as:

Recommended maximum dose (mg/kg) x body weight (kg)
Amount of drug/mL of solution

A solution of 0.25% w/v contains 2.5 grams/100 mL, i.e. 2.5 mg/mL of
the drug.

Practically, it can be calculated as 1% solution = 10 mg/mL or 2%
solution = 20 mg/mL or 0.5% solution = 5 mg/mL and so forth.
Hence, Ray can safely have up to a maximum of 28 mL of levobu-
pivacaine 0.5%.

Box 1

Recognition

Awareness and early recognition of local anaesthetic systemic
toxicity are crucial in preventing serious harm to a patient. It is a
rare but potentially fatal event. If managed appropriately and
quickly, the patient may have a good outcome.

Signs and symptoms: the onset of signs and symptoms of LAST
could occur at any time from one minute to more than an hour
after the injection. The review referenced above reported that
approximately 53% of LAST events occurred within the first
10 minutes, 19% between 11 min and 1 hour, and 16% after 1
hour of local anaesthetic administration. The most described
symptom in the text is perioral numbness. However, patients
present with a range of signs and symptoms such as tinnitus,
feeling strange, ‘metallic tongue’, anxiety, panic attacks, severe
agitation, and confusion. These symptoms can quickly degen-
erate into signs of severe central nervous system (CNS) toxicity,
i.e. seizures and loss of consciousness. Cardiovascular system
(CVS) signs such as tachycardia and hypertension followed by
bradycardia and hypotension may occur. Virtually any
arrhythmia, such as conduction blocks, ventricular arrhythmias
and asystole, may ensue. The most recent review of case reports
suggests that 35% of patients have both CVS and CNS signs, 32%
isolated CNS and 24 % isolated CVS signs, and 20% prodromal
symptoms.

Immediate management

It is a medical emergency and should be managed using a systemic
‘ABC’ approach. Any ongoing local anaesthetic injection must be
stopped, and a call for help should be sent out. If the symptoms are
progressing rapidly or a patient is in cardiac arrest, a ‘crash call’
should be sent out. A patient whose airway is at risk will need
endotracheal intubation. 100% oxygen should be given to all pa-
tients while ensuring good lung ventilation. Benzodiazepines are
the preferred agents for controlling seizures. However, a small dose
of thiopentone or propofol could be used. Cardiovascular moni-
toring must be established if it is not already on the patient.
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PREPARATION

Local Anaesthetic Systemic Toxicity Kit. Suggested contents include a printed checklist for managing LAST;
a 500 ml bag of 20% lipid emulsion; i.v. tubing; 60 ml syringes and large-bore needles

BPREVENTION

Screen patient for co-morbidities that increase risk of LAST

* Appropriate regional anaesthetic technique, local anaesthetic drug and dose

Ultrasound guidance when possible

Use less cardiotoxic local anaesthetic drugs when possible (e.g. lidocaine vs. bupivacaine)

Aspiration before injection

Fractionated dosing with time intervals > 30 seconds

Possible earlier detection in awake vs anaesthetised patients

DETECTION

Consider LAST whenever signs or symptoms of CNS or CVS instability occur in any patient who
received local anaesthesia, even if not closely temporally related

CNS SIGNS (can be subtle or absent*) CVS SIGNS (often progressive, may present in isolation)

Excitatory - agitation, confusion, seizures - Hyperdynamic — hypertension, tachydysrhythmias

Depressive - mental slowing, reduced level of consciousness, coma, - Hypotension
apnea « Bradycardia
Non-specific — perioral paraesthesia, tinnitus, diplopia, metallictaste . Conduction block

(*may not be visible in anaesthetised patients) + Ventricular arrhythmia

« Asystole

ﬁ INITIAL MANAGEMENT

* Stop injecting local anaesthetic

 Call for help and the Local Anaesthetic Systemic Toxicity Kit

* Maintain / secure the airway; ventilate with 100% oxygen aiming for normocapnia

® Confirm or establish i.v. access

¢ Terminate and suppress seizures with benzodiazepines (small doses of propofol or thiopentone are acceptable if no cardiovascular
instability)

* Consider intravenous lipid emulsion if LAST is in differential diagnosis

® Alert perfusionist or closest facility with cardiopulmonary bypass/ECMO if there is any cardiovascular instability (arrhythmia, bradycardia,
hypotension)

' TREATMENT

CARDIAC ARRHYTHMIAS

* In circulatory arrest follow Advanced Cardiac Life Support algorithms, with the modifications listed below

o Oxygenation, ventilation and cardiac compressions are paramount

o Administer intravenous lipid emulsion if not already commenced

o Reduce adrenaline dose to < 1 pg.kg-'. Where possible, administration should be preceded by initiation of lipid emulsion therapy

o Do not use vasopressin

o Amiodarone may be used but avoid beta blockers, calcium channel blockers and sodium channel blockers (e.g. local anesthetics)
* Consider cardiopulmonary bypass if resuscitation is not effective

D 20% INTRAVENOUS LIPID EMULSION THERAPY
(Values in brackets are for a 70-kg adult)
® Bolus 1.5 ml.kg-! over 2-3 minutes (100 ml)
¢ Continuous infusion 0.25 ml.kg-".min-! until patient is stable for 10 mins (approximately 200 ml)
* If persistent cardiovascular instability or deterioration after 5 minutes:
[> Repeat the same bolus
[> Double the infusion rate to 0.5 ml.kg-.min-!
[> Further boluses can be administered

> i 30-minute lative dose of ~10 ml.kg-" (700 ml)

> I

* Transfer to a clinical area with appropriate monitoring, equipment and staff for a minimum of 6 hours monitoring

* Regular clinical review to exclude pancreatitis
® Report cases and use of intravenous lipid emulsion therapy to www.lipidrescue.org

Figure 2 A suggested regimen for administering 20% lipid emulsion to treat Local Anaesthetic Systemic Toxicity (AAGBI 2010). A comprehensive
strategy to prevent and manage local anaesthetic systemic toxicity. (Adopted from Anaesthesia 2021, 76 (Suppl. 1), 27—39; https://doi.org/10.
1111/anae.15282).

Treatment Life Support (ALS) protocol for cardiopulmonary resuscitation
Patients in cardiac arrest: cardiac arrest due to local anaesthetic (CPR) and arrythmias. However, a smaller than usual dose of
systemic toxicity should be managed using a standard Advanced adrenaline, i.e. <1 microgram/kg, is now recommended. The
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patient may need prolonged CPR, and arrhythmias could be re-
fractory to treatment. The patient should be given 20% lipid
emulsion via intravenous route as per the regimen indicated in
the safety guidance for managing LAST produced by the Asso-
ciation of Anaesthetists of Great Britain & Ireland (AAGBI). It is
part of a Quick Reference Handbook (https://anaesthetists.org/
Portals/0/PDFs/QRH/QRH_3-10_Local_anaesthetic_toxicity_v2_
June%202023.pdf?ver=2023-06-23-141010-760). It is an excel-
lent quick reference guide to managing this medical emergency
and is freely available.

Patients without cardiac arrest: any manifesting arrhythmias
such as bradyarrhythmia, tachyarrhythmia, and hypotension
should be managed using standard treatment options for the
respective arrhythmia. Administration of 20% lipid emulsion to
this group of patients may prevent the progression of CNS
symptoms and cardiac arrest.'®

Follow-up

The patient should be nursed in a high-dependency unit or
intensive care unit when safe to transfer. Monitoring the patient
for at least 48 hours after the event is recommended to exclude
pancreatitis following intravenous lipid infusion — regular clin-
ical reviews and daily amylase or lipase assays.

The National Patient Safety Agency (NPSA) and the local
critical incident reporting system should be alerted in the UK.
www .lipidrescue.org is an excellent international resource for
sharing your experience with the medical community worldwide.

As LAST is a rare event, any such reporting helps immensely
in building the evidence base.

Summary

Anaesthesia is a medical speciality requiring different training
and skill sets from surgeons. However, it is important for sur-
geons to understand the basics of anaesthesia, including the safe
use of local anaesthetics. Surgeons and anaesthetists work
closely in a team to deliver the treatment patients need. A mutual
understanding of requirements to provide the best possible care
will make surgery safer, theatres more efficient and improve the
patient experience. *
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Practice points

e Good communication, mutual respect for the speciality, and a
deeper understanding of patients’ requirements ensure safer
surgery and better patient outcomes

e Both general and regional anaesthesia must be planned appro-
priately with a comprehensive preoperative assessment done by
anaesthetists. A general anaesthetic can be administered via the
inhaled or intravenous route with or without a muscle relaxant

e Regional anaesthesia can be a neuraxial (spinal/epidural) or a
peripheral nerve block. It can provide excellent surgical condi-
tions on its own, especially with advances in ultrasound-guided
techniques. It can be combined with sedation or general anaes-
thesia to provide excellent analgesia if required

e Good knowledge of local anaesthetics is imperative to avoid
patient harm. Recent data on severe local anaesthetic systemic
toxicity shows changing trends, such as larger numbers of non-
anaesthesia practitioners and sites outside operating theatre
involved in adverse outcomes. Lidocaine was associated with
66% of such cases

e Adverse outcomes can easily be avoided by adequate planning,
early recognition and appropriate management of local anaes-
thetic systemic toxicity according to the guidelines

© 2025 Published by Elsevier Ltd.

Descargado para Daniela Zufiga Agiiero (danyzuag@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en abril 30,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.


https://anaesthetists.org/Portals/0/PDFs/QRH/QRH_3-10_Local_anaesthetic_toxicity_v2_June%202023.pdf?ver=2023-06-23-141010-760
https://anaesthetists.org/Portals/0/PDFs/QRH/QRH_3-10_Local_anaesthetic_toxicity_v2_June%202023.pdf?ver=2023-06-23-141010-760
https://anaesthetists.org/Portals/0/PDFs/QRH/QRH_3-10_Local_anaesthetic_toxicity_v2_June%202023.pdf?ver=2023-06-23-141010-760
https://anaesthetists.org/Portals/0/PDFs/QRH/QRH_3-10_Local_anaesthetic_toxicity_v2_June%202023.pdf?ver=2023-06-23-141010-760
http://www.lipidrescue.org
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref1
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref1
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref1
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref1
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref2
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref2
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref2
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref2
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref2
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref2
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref3
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref3
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref3
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref4
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref4
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref4
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref4
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref5
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref5
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref5
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref5
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref5
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref6
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref6
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref6
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref6
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref7
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref7
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref7
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref7
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref8
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref8
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref8
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref8
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref9
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref9
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref9
https://doi.org/10.1016/j.bjae.2022.08.003
https://doi.org/10.1016/j.bjae.2022.08.003
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref11
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref11
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref11
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref12
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref12
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref12
https://doi.org/10.5001/omj.2019.66
https://doi.org/10.1111/anae.15282
https://doi.org/10.1111/anae.15282
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref15
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref15
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref15
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref15
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref16
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref16
http://refhub.elsevier.com/S0263-9319(25)00025-0/sref16
https://doi.org/10.1016/j.mpsur.2025.02.004

	The principles and conduct of anaesthesia
	Introduction
	General anaesthesia
	Intravenous agents
	Inhalational agents
	Neuro-muscular blockers (muscle relaxants)
	Depolarizing muscle relaxants
	Non-depolarizing muscle relaxants3
	Adjuncts to anaesthesia
	The conduct of general anaesthesia

	Regional anaesthesia
	Neuraxial block: spinal (subarachnoid), epidural or caudal anaesthesia
	Complications of neuraxial anaesthesia
	Contraindications to neuraxial anaesthesia
	Peripheral nerve blocks

	Local anaesthetic agents
	Basic pharmacology
	Mechanism of action
	Choice of a local anaesthetic

	Local anaesthetic systemic toxicity (LAST)
	Safe administration of local anaesthetics
	Management of local anaesthetic systemic toxicity (LAST)
	Recognition
	Immediate management
	Treatment
	Follow-up

	Summary
	References


