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LOCAL ANESTHETICS

A. Pharmacology, general:

1. Mechanism of action: most block Na uptake into the cell preventing depolarization of the neuron

2. Order of action: 

a. small, nonmyelinated neurons/ gamma fibers (pain) before larger and/or myelinated/ alpha, beta fibers(pressure and touch).  Therefore, a person may still feel a pulling sensation (pressure or touch) even if “numb”

b. peripheral before proximal nerve trunks

3. Properties to consider when choosing an anesthetic

a) Rate of onset

b) Degree of action

c) Duration of action

d) Allergic potential

4. Classification: the main differences are site of metabolism and potential for allergic reaction.  Cross reaction between these two groups is rare.

a) AMIDES: 

1) Metabolism: liver microsomal enzymes

2) Allergic potential: rare, although methylparaben, an antibacterial additive is similar to para-aminobenzoic acid (PABA) which is strongly associated with allergic reactions

3) Examples:

(a) Topical: 

(1) Lidocaine:  spray/gel “viscous lidocaine”, 2-4 % solution.  for use on skin, mucous membrane (nose, pharynx, larynx, urethra for procedures such as catheterization, NG tubes, scopes), mouth sores, anus. Maximal dose 300 mg.

(2) EMLA (lidocaine/prilocaine emulsion as cream or patch) for normal, intact skin. For minor skin procedures apply 1 hour prior; for more major procedures apply 2 hours prior, or I- 5 minutes to 1 hour prior as adjunct, then use infiltration anesthetic. (Increased risk of allergic reactions with prilocaine; also methemoglobinemia. Can use for removal of skin lesions, lV's or venipuncture (has also been used for lacerations.)

(b) Infiltrates: 

(1) Lidocaine (Xylocaine): The most useful LA in minor surgery. Rapid onset (4-10 minutes), relatively long duration (30-60 min.), good penetration. Comes in 1 % and 2% solutions, .5% for children. 

-10cc of a 1 % solution contains 100 mg. 

-The maximum recommended dose (healthy adults) is 4.5 mg/kg (not to exceed a ceiling of 300 mg or 30 cc of 1 %.) 

-The maximum dose for children over three is determined by the age and weight (i.e. for a normal, healthy child of 5 weighing 23 kg [50 lbs.] the maximum dose is 3.3-4.5 mg/kg not to exceed a total of 75-100 mg.) These doses are for 90 minute- 2hour intervals

Side Effects: as previously described; Lidocaine specifically can cause mild CNS depression at therapeutic doses (drowsiness, amnesia); is a cardiac depressant (used IV for cardiac arrhythmias). 

Contraindications: any known hypersensitivity to amide anesthetics (also be aware of the additives: methylparaben and sulfites.) 

Precautions: elderly, cardio/cerebrovascular disease, HTN, arrhythmias, acutely ill, young children, hepatic disease, pregnancy (Cat. B). 

(2)
Bupivicaine (Marcaine): Longer duration (3-4 hours), slower onset (8-12 min.); works well to mix with lidocaine. Good for digital blocks. Max. dose 4 mg/kg. of .25%. 

(3)
Mepivicaine (Carbocaine):  Similar to lidocaine, but lasts longer (2-2.5 hours), causes less drowsiness. Max. dose 5 mg/kg or 1%.

b) ESTERS: 

1) Metabolism: via a plasma enzyme called pseudocholinesterase (therefore caution in patients with genetic pseudocholinesterase deficiency)

2) Allergic potential: metabolites include PABA,  which is strongly associated with allergic reactions as well as metabisulfite.

3) Examples:

(a) Topical: 

(1)
Benzocaine:  for use on skin, mucous membranes, (sunburn, pruritis, minor burns, sore throats) poor absorption, so fewer side effects, though less effective. Can become sensitized. Sold OTC in 5-20% preparations; less than 10% is ineffective. In creams, gels, sprays, ear drops (Anbesol, Auralgan. Cetacaine, Chloroseptic. Solarcaine.

(2)
Proparicaine (Ophthaine, Alcane):  for ophthalmologic use only-diagnostics and 

procedures. Rapid onset «1 minute); slight stinging sensation; ~15 minute duration (may repeat as needed.) Keep refrigerated. Never give bottle to patients (long term use can cause corneal scarring, permanent vision loss.) Warn them not to rub eyes while numb. 

(3)
Cocaine:  Used for ENT procedures~ excellent topical anesthesia and vasoconstriction on mucous membranes (the only one with inherent vasoconstrictive properties); rapid onset «1 minute); duration -1 hour. Has CV toxicity. 

(4)
TAC {Tetracaine (Pontocaine) + Adrenaline (Epinephrine) + Cocaine}"Homemade" concoction of Tetracaine (Pontocaine), a very potent ester anesthetic, Adrenaline (epinephrine), and Cocaine. Good alternative to EMLA (i.e. for children); much cheaper (.50 vs. $6-12), faster (-30 minutes), ~ as effective. Shouldn't use in areas of vascular compromise. Cocaine metabolites can appear in the urine for 24-48 hours after application of just 2-3ccs.

(b) Infiltrates: 

Procaine (Novocaine):  slower onset than lidocaine; similar duration.  Allergic reactions more common 

than with lidocaine.  Good alternative to lidocaine for those with allergies to amides.

c) OTHERS:

1) EPINEPHRINE:  always comes in a red-labeled bottle
Often added to cause vasoconstriction to:

(a) Decrease oozing

(b) Prolong the duration of the anesthetic effect (decreases systemic absorption + increases local uptake)

(c) Decreases risk of toxic reaction by decreasing systemic absorption

Contraindications:  

- never use on areas supplied by end-arteries (digits, ears, nose, penis) as vasoconstriction can lead to ischemia and necrosis.  

- do not use concurrently with MAOI’s, TCA’s thyrotoxicosis or severe cardiovascular disease

- use with caution in patients with peripheral vascular disease and hypertension

2) DIPHENHYDRAMINE (Benedryl): chemically related to the caines

5. Adverse Reactions: rare overall

a) Toxic reactions: common yet avoidable “overdose.”  
The side effects seen with LA more commonly are due to epinephrine which can cause anxiety, hypertension, tachycardia, headache, dizziness, restlessness, tremors, palpitations. These symptoms are usually mild and transient.

1) Most common cause is inadvertent IV injection

2) Less common:

(a) Excessive dose – often accumulative after repeated doses

(b) Rapid absorption

(c) Abnormal metabolism

(d) Slow elimination

Because anesthetics accumulate in the system, toxic reactions are more likely to occur after repeated doses

3) Systems effected:  CNS and Cardiovascular

(a) CNS - first to exhibit Sn/Sx of toxicity

(1) Tinnitus

(2) Numbness of the lips

(3) Light-headedness

(4) Nausea or vomiting

(5) Restlessness

(6) Paresthesia

(7) Shivering

(8) Increasing blood levels may produce: tremors, hallucinations, seizures, coma and generalized CNS depression(ventilatory depression(respiratory arrest

(b) Cardiovascular:  vasodilatory and negative inotropic effects (decreased muscle contraction). Initial sign is hypotension

(1) Vasodilation

(2) Bradycardia 

(3) Decreased CO

4) Treatment for toxic reactions: Oxygen and supportive: airway and ventilation if necessary

b) Autonomic Reactions: most common type of adverse reaction

1) Similar to allergic reaction but short-lived w/ resolution in minutes and minimal need for support

2) Sx:

(a) Tachycardia

(b) Sweating

(c) Dizziness

(d) Faintness

(e) Syncope

3) Mechanism: psychogenic vasovagal from pain or fear of pain – always have pt lying down

c) Allergic or Hypersensitive reaction

1) Types:

(a) Anaphylaxis are extremely rare (< 1% all adverse reactions)

(b) Type I (IgE): 

(1) Mild: local skin reaction with rash, erythema, urticaria, angioedema 

(2) Severe and generalized: hypotension, bronchospasm, and cardiac arrest ( life threatening

(c) Type IV (T-cell delayed): rare, usually after frequent exposure:

(1) Local redness

(2) Swelling

(3) Itching

(4) Contact dermatitis

2) Tx:

(a) Mild: Benedryl po or IM

(b) Severe: Epinephrine, Benedryl, supportive (O2, intubation, IV fluids)

3) Avoiding Allergic reactions:  Patients who report allergies to any local anesthetic should be assumed to be allergic until proven otherwise
(a) Hx, although often inconclusive (ask the patient’s dentist)

(b) Skin testing

(c) Use agent from different class (amide vs. ester):  cross reactivity between groups is rare; cross reactivity among amides is rare, whereas it is common among esters.

(d) Use preservative-free agents

(e) Use diphenhydramine (Benedryl) which produces anesthesia comparable to 1% procaine

(f) Other alternatives: (nitrous oxide), IV opioids, hypnosis, acupuncture

6. Administration:

a) Topical: apply directly to the lesion  (corneas, canker sores, mucosal surfaces, abrasions)

b) Local: SubQ (lacerations, small lesions)

c) Field block: Circle around operative site (I&D, complex lacerations, abscess)

d) Regional or Nerve Block: via nerve supply (digital, radial, ulnar, tibial blocks…)

7. General Guidelines:

a) Hx: meds, allergies (ask about allergies to eggs), chronic dz

b) Avoid showing the patient the needle

c) Swab site with antiseptic, wear gloves, consider mask

d) USE THE LEAST VOLUME OF THE LOWEST CONCENTRATION THAT IS EFFECTIVE, DO NOT EXCEED THE RECOMMENDED DOSE. The higher the concentration, the greater the risk. Use lower doses in debilitated, elderly and acutely ill patients. Use appropriate dose for age and size with children.

e) Aspirate before injecting to avoid IV injection

f) Inject on the move and infiltrate widely

g) Pain control:

1) Rinse with small amount of topical anesthetic first

2) Have the agent at room temp

3) Consider buffering w/sodium bicarb (10cc 1 % lidocaine: 1cc 8.4% sodium bicarb).  More lidocaine will be necessary and swelling and edema will be increased.    

4) Use the smallest poss. needle (27-30 g.)

5) Inject into the wound (rather than through the intact skin).  Perform multiple sticks inside the laceration with a short needle

6) Inject slowly

h) Wait until the agent is working

i) Be very familiar with 2-3 of the most useful drugs.

j) Record the type of anesthesia used and the batch number

k) Use the least volume of the lowest concentration that is effective.  The higher the concentrations, the greater the risk i.e. 5 cc of 2% has a higher risk of toxic reaction than 10 cc of 1%.

LOCAL ANESTHESIA

NPLEX REQUIREMENTS

a) Topical lidocaine spray, gel or patch
1) Indications: skin (including postherpetic neuralgia) and mucous membranes (nose, pharynx, larynx, urethra, NG tubes, scopes), mouth sores, anus
2) Contraindications: known hypersensitivity to amides
3) Correct dosages: Apply to affected area as needed; maximum: 3 mg/kg/dose; do not repeat w/in 2 hrs. Apply patch to most painful area: up to 3 patches may be applied in a single application: patch may remain in place up to 12 hours in any 24 hour period.
4) Pharmacodynamics/kinetics:
(a) Onset of action: 45-90 seconds
(b) Duration: 10-20 minutes
(c) Metabolism: 90% in liver, altered by CHF or liver dz
5) Problems to monitor: increased toxicity with Class I antiarrhythmic drugs (tocainide, mexiletine).  Effects are additive and potentially synergistic
6) Possible reactions to: hypotension, positional H/A, shivering
7) Additional notes: 2-4% solution, max dose 300 mg
b) EMLA (lidocaine + prilocaine) cream or patch
1) Indications: normal intact skin, genital mucous membranes and as a pretreatment for infiltration anesthesia
2) Contraindications: children < 1 month, mucous membranes, broken or inflamed skin, congenital or idiopathic methemoglobinemia, patients with hypersensitivity to AMIDES.
3) Correct dosages: adults - A thick layer (or disc) is applied to intact skin and covered w/ an occlusive dressing.  Minor dermatologic procedures: 2.5 grams cream over 20-25 cm skin surface or 1 disc (1 g/10 square cm) for at least 1 hr.
4) Pharmacodynamics/kinetics:
(a) Onset of action: 1 hour
(b) Duration: 1-2 hours after removal
(c) Metabolism: lidocaine: 90% in liver, altered by CHF or liver dz prilocaine: liver and kidneys
5) Problems to monitor: angioedema, contact dermatitis, burning, stinging
6) Additional notes: Can be used for removal of skin lesions, I.V.s or venipuncture, and lacerations.
c) BENZOCAINE

1) Indications: skin, mucous membranes (sunburn, pruritis, minor burns, sore throats), acute congestive and serous otitis media, swimmer’s ear, otitis externa, toothache, hemorrhoids, rectal fissures, anesthetic lubricant for passage of catheters and endoscopic tubes; nonprescription diet aid.
2) Contraindications: Children < 1 yo; secondary bacterial infx of area; ophthalmic use; known hypersensitivity to benzocaine or other ESTERS
3) Correct dosages: adults – Apply topically as needed
4) Pharmacodynamics/kinetics:
(a) Onset of action: fast
(b) Duration: extremely variable
(c) Metabolism: hydrolyzed in the plasma and to a lesser extent in the liver by cholinesterase
5) Problems to monitor: angioedema, contact dermatitis, burning, stinging, methemoglobinemia in infants
6) Additional notes: Can become sensitized. Sold OTC in 5-20% solutions; less than 10% ineffective. Forms include: creams, gels, sprays, ear drops.
d) PROPARICAINE

5) Indications: ophthalmologic use only
6) Contraindications: known hypersensitivity to proparicaine
7) Correct dosages: children and adults – Instill 1 gtt of 0.5% solution in each eye q 5-10 minutes for 5-7 dosages
8) Pharmacodynamics/kinetics:
(a) Onset of action: w/in 20 seconds
(b) Duration: 15-20 minutes
(c) Metabolism: not listed
5) Problems to monitor: local burning, stinging redness

6) Additional notes: Store in tight, light-resistant containers in refrigerator

e) COCAINE

1) Indications: ENT procedures
2) Contraindications: systemic use, hypersensitivity to cocaine or esters, pregnancy
3) Correct dosages: 1-4%; use lowest dose necessary to produce adequate anesthesia, not to exceed 1 mg/kg
4) Pharmacodynamics/kinetics:
(a) Onset of action: w/in 1 minute
(b) Duration: > 30 minutes
(c) Metabolism: liver
5) Problems to monitor: CNS stimulation, loss of taste perception, chronic rhinitis, nasal congestion, loss of smell, changes in heart rate, nervousness, restlessness, euphoria, excitement, hallucination, seizure, vomiting, tremors and tonic-clonic rxns, sloughing or ulceration of the cornea, tachypnea or respiratory failure.
6) Additional notes: vasoconstriction on mucous membranes (the only topical anesthesia with vasoconstrictive properties.
f) TAC (Tetracaine + Adrenaline + Cocaine)

1) Indications: good alternative to EMLA (i.e.. For children)
2) Contraindications: areas of vascular compromise, systemic use, hypersensitivity to cocaine, tetracaine, any other esters or epinephrine, pregnancy
3) Correct dosages: adults - A thick layer is applied to intact skin and covered w/ an occlusive dressing. 

4) Pharmacodynamics/kinetics:
(a) Onset of action: < 30 minutes
(b) Duration: cocaine metabolites can appear in the urine for 24-48 hours after application of just 2-3 cc
(c) Metabolism: plasma and liver
5) Problems to monitor: CNS stimulation, loss of taste perception, chronic rhinitis, nasal congestion, loss of smell, changes in heart rate, nervousness, restlessness, euphoria, excitement, hallucination, seizure, vomiting, tremors and tonic-clonic rxns, sloughing or ulceration of the cornea, tachypnea or respiratory failure.
6) Additional notes: cheaper and faster than EMLA
g) LIDOCAINE (XYLOCAINE)

1) Indications: The most useful anesthetic in minor surgery
2) Contraindications: known hypersensitivity to amides – also be aware of the additives: methylparaben and sulfites
3) Correct dosages: adults - A thick layer is applied to intact skin and covered w/ an occlusive dressing. 

4) Pharmacodynamics/kinetics:
(a) Onset of action: 45-90 seconds
(b) Duration: 10-20 minutes
(c) Metabolism: liver, metabolites can accumulate and cause CNS toxicity
5) Problems to monitor: hypotension, positional H/A, shivering, increased toxicity with Class I antiarrhythmic drugs (tocainide, mexiletine).  Effects are additive and potentially synergistic.
6) Additional notes: The most useful local anesthetic in minor surgery.  Comes in 1% and 2% solutions, 0.5% in children.  10cc of a 1% solution contains 100 mg. The maximum recommended dose (healthy adult) is 4.5 mg/kg (not to exceed a ceiling of 300 mg or 30 cc of 1% solution.  The maximum dose for children over three is determined by the age and weight:  3.3-4.5 mg/kg (1.5-2 mg/lbs) not to exceed a total of 75-100 mg. Lidocaine has a narrow therapeutic index.  Symptoms of overdose include sedation, confusion, coma, seizure, respiratory arrest and cardiac toxicity.
h) BUPIVICAINE (Marcaine)

1) Indications: injectable local anesthetic, peripheral nerve block
2) Contraindications: known hypersensitivity to bupivicaine, amides – also be aware of the additives: PABA and sulfites
3) Correct dosages: adults – Varies with procedure, depth of anesthesia, vascularity of tissues, duration of anesthesia and condition of the patient. Max. dose 4 mg/kg of 0.25%. 

4) Pharmacodynamics/kinetics:
(a) Onset of action: 4-10 minutes
(b) Duration: 1.5-8.5 hours
(c) Metabolism: liver
5) Problems to monitor: cardiac arrest, hypotension, bradycardia, palpitations, seizures, restlessness, anxiety, dizziness, nausea, vomiting, muscle weakness, blurred vision, tinnitus, apnea.
6) Additional notes: mixes well with lidocaine.  Good for digital blocks
i) MEPIVACAINE (Carbocaine)

1) Indications: local anesthesia by nerve block, infiltration in dental procedures
2) Contraindications: known hypersensitivity to mepivicaine, amides, allergy to sodium bisulfate
3) Correct dosages: variable. Max. dose 5 mg/kg of 1%. 

4) Pharmacodynamics/kinetics:
(a) Onset of action: 7-15 minutes
(b) Duration: 2-2.5 hours
(c) Metabolism: liver
5) Problems to monitor: rare, dizziness, cyanosis, tremors, bronchial spasm
6) Additional notes: similar to lidocaine, lasts longer, causes less drowsiness.
j) PROCAINE (Novocaine)

1) Indications: local anesthesia by injection, produces peripheral nerve block
2) Contraindications: known hypersensitivity to procaine, PABA, parabens, or other esters
3) Correct dosages: variable. Max. dose 10 mg/kg of 1%. 

4) Pharmacodynamics/kinetics:
(a) Onset of action: 2-5 minutes
(b) Duration: 0.5-1.5 hours
(c) Metabolism: rapidly hydrolyzed by plasma enzymes to PABA
5) Problems to monitor: rare, local burning sensation at site of injection, tissue irritation, pin at injection site
6) Additional notes: allergic rxns more common than with lidocaine but good alternative for those with allergies to amides.
k) DIPHENHYDRAMINE (Benedryl): 

1) Indications: allergy relief, nighttime sedation, prevention of motion sickness, topical anesthetic
2) Contraindications: hypersensitivity to diphenhydramine or any component
3) Correct dosages: inject 1% solution in the same fashion as lidocaine. external applications (no longer than 7 days) 

4) Pharmacodynamics/kinetics:
(a) Onset of action: 5 minutes
(b) Duration: 0.5 hours
(c) Metabolism: primarily liver – however chemically related to the “caines”.
5) Problems to monitor: CNS stimulation or depression, hypotension, palpitation, tachycardia, photosensitivity, rash, angioedema, urticaria, nausea, vomiting, diarrhea, abdominal pain, xerostomia, appetite increase, weight gain, dry mucous membranes, anorexia, urinary retention, frequency or difficulty, hemolytic anemia, tremor, paresthesia, blurred vision, thickening of bronchial secretions.
6) Additional notes: Not quite as effective for some; if not numb within 10 minutes, use alternative method. 
l) EPINEPHRINE (Adrenaline) 

1) Indications: Often added to local anesthesia usually in a 1:200,000 concentration to decrease system absorption, increase duration of action and decrease toxicity of the local anesthesia by inducing local vasoconstriction.
2) Contraindications: hypersensitivity to epinephrine or any component, pts on monoamine oxidase inhibitors or tricyclic antidepressants.  Never use in area supplied by end-arteries (digits, ears, nose, penis) because the vasoconstriction caused by epinephrine can ( ischemia( necrosis.  Use with caution in elderly, DM, CVD, thyroid dz, cerebral A/S, Parkinson’s.  
3) Correct dosages: Max dose < 0.2 mg at 1:200,000 concentration 

4) Pharmacodynamics/kinetics:
(a) Onset of action: 5-10 minutes
(b) Duration: several hours
(c) Metabolism: primarily liver + nerve monoamine oxidase and catechol-O-methyltransferase
5) Problems to monitor: anxiety, restlessness, tremors, palpitations, tachycardia
6) Additional notes: Always comes in a red-labeled bottle
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