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Local Anesthesia
Definition and Scope

History:

Nerve compression and 
refrigeration.                                      

Coca leaves used by the Incas.

1860, Cocaine was isolated.

1884, Cocaine was used in eye surgery 
and dentistry, and then in nerve blocks.

1903, Adrenaline added

1905, Procaine then Lidocaine in 1943
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Features of an Ideal LA

Rapid onset.

Not irritating.

Sufficient duration of action.

Reversible  effect.

Low systemic toxicity.

Proper physical properties: Stability

Water solubility.
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Chemistry of LA

All LAs have three structural domains:

Aromatic group: influences the 
hydrophobicity of the drug.         

Amide or  Ester linkage: influences the 
duration of action and toxicity(allergy) of 
the drug.

Amine group: influences the rate of onset 
and potency of the drug.February 19 Munir Gharaibeh, MD, PhD, MHPE
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Mechanism of Action of  LA

Blockade of voltage-gated sodium 
channels from inside the channel.
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L As are dispensed as hydrochloride 

salts with an acidic pH of ~6, so they are 

more ionized and therefore water 

soluble for storage and injection.

When injected into the body, buffers 

raise the pH which increases the free 

base form.

They cross the nerve membrane in the 

non-ionized form (free base). 

LAs block sodium channels in the 

ionized form (cation)



Importance of pKa

Strongly Influences time of onset.

LA’s cross neuronal membrane in 

base form.

The closer pKa is to physiologic pH 

(7.4), the more drug will be in the 

base form and thus will have a 

faster onset time.





Tissue acidosis

Usually associated with sepsis 

or infection near site of block.

pH<7.4 causes greater amount 

of local anesthetic to be in the

ionized form. 

Acidosis causes slow onset and 

poor quality of nerve block.
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Mechanism of Action of LA
Prevent increases in permeability of nerve 

membranes to Na+ ions

Slows rate of depolarization

Threshold potential is never reached

Produce Differential Blockade of  the nerves: 

C--B -- A
Autonomic

Pain

Cold

Warmth

Touch

Pressure

Motor
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Routes of  Administration of LA

Topical or Surface: Lidocaine and Tetracaine.

Infiltration: Most LAs

Regional Block:
Nerve Block: most LAs

Spinal(Subarachnoid): Lidocaine, Tetracaine   

Lumbar Epidural: Lidocaine, Bupivacaine

Caudal.

Intravenous Extremity Block(Bier Block): 
Lidocaine, Tetracaine. 
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Pharmacokinetics of LA

Absorption and Distribution:

Dose.

Site of injection.

Drug Tissue Binding.

Vascularity (local blood flow).

The use of vasoconstrictors( 50% prolongation 
of action and 30% reduction in blood 
levels).

Physicochemical Properties.

pH.



Metabolism of LAs
ESTERS undergo hydrolysis in the 

plasma by pseudocholinesterase 
enzyme.

Metabolites are inactive, but may 
be structurally similar to PABA.

Allergy is more common with 
esters.

Cocaine is an ester that is 
metabolized in the liver.



Metabolism of LAs
AMIDES are metabolized by 

microsomal enzymes primarily in the

liver.

Slow process, more likely to cause 

systemic toxicity than esters

Hepatic disease decreases rate of 

metabolism, increases duration of 

action

CHF decreases liver blood flow and 

can also slow metabolism



22

Systemic Effects of LA

Cardiac Effects:

Decreased excitability, conductivity, and 
contractility.

Vascular Effects:

Usually vasodilation which will reduce           
venous return and consequently  C.O.               

Cocaine causes constriction, so 
there is no need for a vasoconstrictor. 

Hypersensitivity Reactions:

Usually with esters, due to PABA. 

Might also be due to the preservatives. 

Can cause allergic dermatitis or asthma. 
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Systemic Effects of LA

Central Effects:

Can cross BBB due to small size. 

Usually cause CNS stimulation.

CNS depression occurs with high doses.

Neuromuscular & Ganglia:

Can decrease ACh release.

Local Irritation.
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Ester Local Anesthetics
Cocaine:

Medium potency, medium       
duration of action, mainly in                        
ophthalmology, also topical,                        
cardiotoxic and euophoric.      
Procaine: 

Short acting, used for infiltration and           
dental anesthesia
Benzocaine: 

Usually for topical use. 
Chloroprocaine.
Tetracaine:

Long acting, highly potent, used in spinal and        
topical anesthesia.  
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Amide Local Anesthetics

Lidocaine(1944):

Most commonly used, 
All routes

Rapid onset,

Most intense,                        

Medium duration.

Bupivacaine:
In obstetrics and postoperative anesthesia. 

Long duration(24hrs).

Cardiotoxic.
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Amide Local Anesthetics

Ropivacaine

Etidocaine

Mepivacaine

Prilocaine:

Has some vasoconstrictor effect, no 
need to add epinephrine.



ToxicityLA’s

Most toxic reactions are a direct 

result of placement of the local 

anesthetic in the wrong place,

e.g. intraneural, intrathecal or 

intravenous.
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Topical Agents
EMLA:

“Eutectic Mixture of Local Anesthetics”:

Mixture of lidocaine and prilocaine.

Patch or cream.

For children to reduce the pain of             
venipuncture, arterial cannulation,      
lumbar puncture, dental                        
procedures, and skin graft donor         
site.

TAC:
Tetracaine + Adrenaline + Cocaine.

For repair of minor lacerations.


