LOCAL ANAESTHETICS - STUDY GUIDELINES

The Study Guidelines on local anaesthetics are not supported at this stage by comprehensive Evidence-Based Guidelines.

Candidates should have sufficient knowledge of local anaesthetics so that they can:

1.
Understand neural physiology

2.
Understand the structure of nerve membranes

3.
Understand peripheral nerve classification and conduction characteristics

4.
Understand the theory of action and pharmacokinetics of local anaesthetics

5.
Understand the factors involved in the delivery of anaesthetic to any particular target

6.
Understand the prevention, diagnosis and management of the possible toxic effects of local anaesthetics including side effects, allergic reactions, drug interactions, and the effects of concurrent disease states on their action

7.
Understand the effects of drugs used in conjunction with local anaesthetics, including adrenaline, anti-oxidants, and anti-microbials.

INTRODUCTION

Local anaesthetics are commonly used in the diagnosis and treatment of musculoskeletal conditions. Though often used, they are potentially lethal agents, and thus they require detailed examination.

It is fundamental before studying the actions of local anaesthetics to understand neural physiology. Then, in order to fully appreciate the pharmacokinetics and actions of local anaesthetics, candidates need to be familiar with the structure, physicochemical properties, local disposition, systemic absorption, systemic disposition, distribution, excretion, metabolism, effects of patient variables, drug interactions and toxic effects. Candidates should also be able to state how each of these determines the properties of each agent.

The choice of an agent depends on a number of factors:

· indications for injection (short or long term block)

· extent of the block (eg sensory/motor)

· site of injection 

· speed of onset

· safety profile of the agent

· medical status of the patient (renal /hepatic /cardiac /respiratory /pregnancy)

· concurrent medications.

Without compromising efficacy, it is best to select the safest agent available, in appropriate doses. Total dose of anaesthetic is the main factor affecting efficacy (concentration x volume). In peripheral nerve blockade there is an initial effect in outer nerve fibres (mantle bundles) and a later effect in core fibres. In the limbs there is an initial blockade of the proximal portion of the limb and thus the anaesthetic wears off more quickly in the proximal portion (supplied by outer nerve fibres).

ANAESTHETIC GROUPS

Candidates need to know that the structure of local anaesthetics comprises an aromatic group, an intermediate group of esters or amides and a hydrophilic group. The molecular linkages include the ester and amide groups, which determine the differing profiles with respect to allergy and metabolic changes.

The amides, which are most commonly used group of local anaesthetic in musculoskeletal practice, are substantially metabolized in the liver and have least side effects. Examples include lignocaine, prilocaine (slower onset and longer action than lignocaine, but less toxic), bupivicaine, ropivocaine, mepivacaine, and etidocaine.

The esters, for example procaine and tetracaine, are ester derivatives of para-aminobenzoic acid, and are metabolized by plasma cholinesterase. They are not widely used, are poorly soluble and have more side effects. 

Most of the amide anaesthetics are very stable and do not require additives. However, the addition of adrenaline has a destabilizing effect and thus the anti-oxidant sodium metabisulphite is added in concentrations of 0.1%. It is important to recognize that this compound can cause neurotoxicity in the presence of low pH. Thus care should be taken with spinal and epidural use. Multiple dose vials with which there are potential problems (antimicrobials, cross-infection), should not be used.

The pH of local anaesthetics is about 5.6. Therefore, most of the agent is in the cationic form. It is the non-ionic form that acts at the receptor. Ninety percent of sodium channels must be blocked to get conduction blockade. The local anaesthetic must be lipid soluble to diffuse across the membrane to act on the receptor.

THEORY OF LOCAL ANAESTHETICS ACTION AND PHARMACOKINETICS

Factors that affect activity of agents are:

· lipid solubility: the main determinant of potency

· protein binding: this affects how long the agent binds to the protein at the receptor site

· pKa: the pH at which there are equal amounts of ionized and non-ionized forms of the anaesthetic.

A drug with a low pKa will be largely in non-ionized form at pH 7.4, and thus will be more potent and have a quicker action. Increasing lipid solubility leads to an increase in potency in a non-linear manner. The partition coefficient is used as a predictor of the degree of lipid solubility. Drugs with high partition coefficients and lipid solubility include bupivicaine and etidocaine. Ropivocaine’s profile is in the intermediate range, whilst procaine and lignocaine are in the lower ranges. It would be expected that high lipid solubility should increase the diffusion rate of a local anaesthetic across membranes, but this rate is also influenced by its ionization.

Most local anaesthetics cause vasoconstriction at very low concentrations and vasodilatation at high concentrations. Marcaine causes minimal vasodilatation. The rate of vascular absorption affects potency and duration of action. The addition of adrenaline reduces blood flow to the area and thus reduces plasma concentration of the local anaesthetic. A 1:200,000 concentration reduces vascular absorption by 33% and increase duration of action of lignocaine by about 25%. This effect is less with long acting agents.

Next candidates should consider what factors operate at the site of the injection to ultimately determine the local anaesthetic action. These are:

· proximity to nervous tissue

· rate of blood flow at the site

· volume of injection

· injection technique.

Correct injection technique may prevent accidental intravascular injection - a common cause of toxic effects. The possibility of this can be lowered by a detailed knowledge of the anatomy of the area, use of shorter needles, pre-injection aspiration, and slow rate of injection. Intravascular injection may still occur in spite of negative aspiration but can be minimized by aspirating with low pressure or by removing the syringe from the needle, once it is in position, and observing for the presence of a backflow.

The onset of action is rapid following a subarachnoid injection for even with small volumes the material is close to the neural structure. In brachial plexus blocks, even with larger volumes, the rate of onset is slower. The volume of the injection determines the extent of dispersion by bulk flow and diffusion, and thereby influencing the duration of action.

SYSTEMIC ABSORPTION

The rate of systemic absorption is a major determinant of the likelihood of toxic reactions. Systemic toxicity is governed by blood level concentrations. Other important factors in systemic absorption are the physico-chemical properties, the site of injection, the dose, status of the patient and adjuvant agents.

SYSTEMIC DISTRIBUTION

Local anaesthetic agents are absorbed into the bloodstream, then taken up into all body tissues in proportion to their blood flow. Amides are metabolized in the liver (and lungs), and excreted via the kidneys. Esters are rapidly metabolized by the plasma esterases.

CNS TOXICITY

CNS toxicity is related to both the absolute concentration and the rate at which it is absorbed into the CNS. The following symptoms appear in order with increasing concentration of local anaesthetic:

· Numbness of tongue

· lightheadedness, dizziness

· visual and auditory disturbances

· muscular twitching

· unconsciousness

· convulsions

· coma 

· respiratory arrest

· cardiovascular depression.

Rapid I.V. injection of 100 mg of lignocaine (10 mls of 1% solution), will give plasma levels of 12 ug/ml, slow I.V. injection over 2 mins gives plasma levels of about 7 ug/ml.

Highly absorbant areas are: intercostal blocks, caudal and other epidural blocks, major nerve trunk blocks. Subcutaneous infiltration is a lot slower. Cardiovascular effects are vasodilation in small concentrations (2-5 ug) and hypotension in higher concentration (>10 ug).

LOCAL ANAESTHETICS RELATIVE TOXICITY

Dose

AGENT



MAX DOSE IN mg 
 (+ adrenaline)

· prilocaine (Citanest)


600

· lignocaine(Xylocaine)


300 (5mg/kg)

500 (7mg/kg)

· bupivocaine (Marcaine)

175


225

· tetracaine (Amethocaine)

20

· dubicaine (Nupercaine)

10

· ropivocaine (Narapen)

CC/CNS ratio is ratio of cardiac toxicity verses neural toxicity. Generally, the cardiovascular system is 4 - 7 times more resistant to local anaesthetics than the CNS and thus CNS side effects will appear much earlier than cardiovascular system collapse. The pregnant woman may be more susceptible to toxic effects.

Allergy

This may occur in response to the preservative methylparaben (in multi-dose vials), or metabisulphite. They are more common with ester anaesthetics.

Local Tissue Toxicity

This is not common unless there is direct intraneural injection. In the case of muscle potent, long-acting agents may produce temporary damage.

Treatment of CNS Toxicity

· constant communication with the patient

· manage airway

· oxygen via mask

· I.V. Valium (if hyper-excitable - to prevent convulsions) - 5-10 mg slowly, or thiopental 50 mg I.V. in increments until symptoms settle

· Succinylcholine 1 mg/kg if need to ventilate.

Treatment of CVS Toxicity

· IV fluids

· Atropine 0.6 mg I.V. if bradycardia

· Ephedrine 12.5-25 mg I.V to restore blood pressure

· Adrenaline for profound collapse or anaphylaxis.
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