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The purpose of the lesson:

1. To learn the main types of anesthetic solutions applied.

2. To point out the advantages of usage of each particular type of anesthetic solution.

3. To learn how to calculate the adequate dose for the most commonly applied solutions.

4. To figure out the restrictions of application of different anesthetic solutions.

Local anesthetics, when used for the management of pain, differ from most other drugs commonly used in medicine and dentistry in one very important manner. Virtually nil other drugs, regardless of the route through which they are administered, must ultimately enter into the circulatory system in sufficiently high concentrations (i.e.. attain therapeutic blood levels) before they can begin to exert a clinical action. Local anesthetics, how​ever, when used for pain control, cease to provide a clin​ical effect when they are absorbed from the site of administration into the circulation. One prime factor involved in the termination of action of local anesthetics used for pain control is their absorption into the cardio​vascular system.

The presence of a local anesthetic in the circulatory system means that the drug will be carried to every cell in the body. Local anesthetics have the potential to pro​duce an alteration in the functioning of many of these cells. In this chapter the actions of local anesthetics, other than their ability to block conduction in nerve axons of the peripheral nervous system, are reviewed. The following is a classification of local anesthetics:
Esters
Esters of benzoic acid:
Butacaine

Cocaine

Ethyl aminobenzoate (benzocaine)

Hexylcaine

Piperocaine

Tetracaine

Esters of para-aminobenzoic acid: Chloroprocaine Procaine propoxycaine
Amides
Articaine

Bupivacaine

Dibucaine
Etidocaine
lidocaine
Mepivacaine

Prilocaine

Quinoline

Centbucridine
PHARMACOKINETICS OF LOCAL  ANESTHETICS

Uptake
When injected into soft tissues, local anesthetics exert a pharmacological action on the blood vessels in the area. All local anesthetics possess a degree of vasoactivity, most producing dilation of the vascular bed into which they are deposited, although the degree of vasodilation may vary, and some may produce vasoconstriction, lo a slight degree these effects may be concentration depen​dent. Relative vasodilating values of amide local anes​thetics are shown in Table 2-1.
Ester local anesthetics are also potent vasodilating drugs. Procaine is probably the most potent vasodilator and is often used clinically for vasodilation when periph​eral blood flow has been compromised due to (acciden​tal) intraarterial (IA) injection of a drug (e.g., thiopen​tal).2 IA administration of an irritating drug such as thiopental may produce arteriospasm with an attendant decrease in tissue perfusion, which could lead, if pro​longed, to tissue death, gangrene, and loss of the limb. In this situation procaine is administered IA in an attempt to break the arteriospasm and reestablish blood How to the affected limb. Tetracaine, chloroprocaine, and propoxycaine also possess vasodilating properties to varying degrees but not to the degree of procaine.
Cocaine is the only local anesthetic that consistently produces vasoconstriction. The initial action of cocaine is vasodilation, which is followed by an intense and pro​longed vasoconstriction. It is produced by an inhibition of the uptake of catecholamines (especially norepineph​rine) into tissue binding sites. This results in an excess of free norepinephrine, which leads to a prolonged and intense state of vasoconstriction. The property of inhibit​ing the reuptake of norepinephrine has not been demon​strated to occur with other local anesthetics, such as lidocaine and bupivacaine.

A significant clinical effect of vasodilation is an increase in the rate of absorption of the local anesthetic into the blood, thus decreasing the duration of pain con​trol while increasing the anesthetic blood level and the potential for overdose. The rates at which local anes​thetics are absorbed into the bloodstream and reach their peak blood level vary according to the route of administration:

Route
                        Time to peak level (min)

Intravenous
                                1

Topical
                                 5 (approx)

Intramuscular                        
5-10

Subcutaneous
                             30-90
Oral Route
With the exception of cocaine, local anesthetic drugs are absorbed poorly, if at all, from the gastrointestinal tract fol​lowing oral administration. Additionally, most local anes​thetics (especially lidocaine) undergo a significant hepat​ic first-pass effect following oral administration. Following absorption of lidocaine from the gastrointestinal tract into the enterohepatic circulation, a fraction of the drug dose is carried to the liver, where approximately 72% of the dose is biotransformed into inactive metabolites.4 This has seriously hampered the use of lidocaine as an oral antidysrhythmic drug. In November 1984, Astra Pharmaceuticals and Merck Sharp & Dohme introduced an analogue of lidocaine, tocainide hydrochloride, which is effective orally.5 The chemical structures of tocainide and lidocaine are presented in Fig. 2-1.
Topical Route
Local anesthetics are absorbed at differing rates after application to mucous membranes: in the tracheal mucosa, uptake is almost as rapid as with intravenous (IV) administration (indeed, intratracheal drug adminis​tration (pinephrine, lidocaine. atropine, naloxone, and flumazenil) is used in certain emergency situations); in the pharyngeal mucosa, uptake is slower; and in the esophageal or bladder mucosa, uptake is even slower than occurs through the pharynx. Wherever there is no layer of intact skin present, local anesthetics exert their action following topical application. Sunburn remedies usually contain lidocaine, benzocaine, or other anesthet​ics in an ointment formulation. Applied to intact skin, they do not provide an anesthetic action, but with skin damaged by sunburn they bring rapid relief of pain. A eutectic mixture of local anesthetics (EMLA) has been developed to provide surface anesthesia for intact skin.
Injection
The rate of uptake (absorption) of local anesthetics after injection (subcutaneous, intramuscular, or IV) is related lo both the vascularity of the injection site and the vasoactivity of the drug.
IV administration of local anesthetics provides the most rapid elevation of blood levels and is used in the primary treatment of ventricular dysrhythmias.7 Rapid IV administration can lead to overly high local anesthetic blood levels, which can produce serious toxic reactions. The benefits to be gained from IV drug administration must always be weighed against the risks associated with IV administration. Only if the benefits clearly outweigh the risk.s should the drug be administered, as is the case with ventricular dysrhythmias such as premature ven​tricular contractions (PVCs).8
Distribution
Once absorbed into the blood, local anesthetics are dis​tributed throughout the body to all tissues. Highly per​fused organs (and areas) such as the brain, head, liver, kid​neys. lungs, and spleen initially have higher blood levels of the anesthetic than do less highly perfused organs. Skeletal muscle, although not as highly perfused as these organs, contains the greatest percentage of local anes​thetic of any tissue or organ in the body, since it makes up the largest mass of tissue in the body.

The level of a local anesthetic drug in the blood (in certain target" organs) has a significant bearing on the potential toxicity of the drug. The blood level of the local anesthetic is influenced by the following factors:

I Rate at which the drug is absorbed into the cardio​vascular system

7. Rate of distribution of the drug from the vascular compartment to the tissues (more rapid in healthy patients than in those who are medically compro​mised [e.g., congestive heart failure. thus leading to lower blood levels in healthier patients)

8. Elimination of the drug through metabolic and/or excretory pathways

The latter two factors act to decrease the blood level of the local anesthetic.

The rate at which a local anesthetic is removed from the blood is described as the elimination half-life of the drug. Simply stated, the half-life is the time required for a 50% reduction in the blood level (one half-life = 50% reduction; two half-lives = 75% reduction; three half- lives = 87.5% reduction; four half-lives = 94% reduction: five half-lives = 97% reduction; six half-lives = 98.5% reduction).

All local anesthetics readily cross the blood-brain bar​rier. They also readily cross the placenta and enter the circulatory system of the developing fetus.
Metabolism (Biotransformation)
A significant difference between the two major classes of local anesthetics, the esters and the amides, is the means by which they undergo metabolic breakdown. Metabolism (or biotransformation) of local anesthetics is important, because the overall toxicity of a drug depends on a balance between its rate of absorption into the bloodstream at the site of injection and its rate of removal from the blood through the processes of tissue uptake and metabolism.
Ester Local Anesthetics
Ester local anesthetics are hydrolyzed in the plasma by the enzyme pseudocholinesterase.9 The rate at which hydrolysis of different esters occurs varies considerably:

Drug
Rate of hydrolysis (ɱmol/ml/hr)

Chloroprocaine
4.7

Procaine
1.1

Tetracaine
0.3

The rate of hydrolysis has an impact on the potential toxicity of a local anesthetic. Chloroprocaine, the most rapidly hydrolyzed, is the least toxic, whereas tetracaine. hydrolyzed 16 times more slowly than chloroprocaine, has the greatest potential toxicity. Procaine undergoes hydrolysis to para-aminobenzoic acid (PABA), which is excreted unchanged in the urine, and to dicthylamino alcohol, which undergoes further biotransformation prior to excretion (Fig. 2-2). Allergic reactions that occur in response to ester drugs are usually not related to the par​ent compound (e.g.,procaine) but rather to PABA, which is a major metabolic product of ester local anesthetics.

Approximately 1 out of every 2800 persons has an atypical form of pseudocholinesterase, which causes an inability' to hydrolyze ester local anesthetics and other chemically related drugs (e.g., succinylcholine).10 Its pres​ence leads to a prolongation of higher blood levels of the local anesthetic and an increased potential for toxicity.
Succinylcholinc is a short-acting muscle relaxant employed frequently during the induction phase of gen​eral anesthesia. It produces respiratory arrest (apnea) for a period of approximately 2 to 3 minutes. Then plasma pseudocholinesterase hydrolyzes succinylcholine, blood levels fall, and spontaneous respiration resumes. Persons with atypical pseudocholinesterase are unable to hydrolyze succinylcholine at a normal rate; therefore the duration of apnea is prolonged. Atypical pseudo​cholinesterase is a hereditary trait . Any familial history of «difficulty» during general anesthesia should be carefully evaluated by the doctor prior to any dental care. A con​firmed or strongly suspected history, in the patient or biological family, of atypical pseudocholinesterase repre​sents a relative contraindication to the use of ester local anesthetics.

There are absolute and relative contraindications to drug administration. An absolute contraindication infers that under no circumstance should this drug be administered to this patient because the possibility of potentially toxic or lethal reactions is increased. A relaive contraindication means that the drug in question may be administered to the patient after carefully weigh​ing the risk of using the drug to its potential benefit, and if an acceptable alternative drug is not available. However, the smallest clinically effective dose should always be used. There is a somewhat increased possibil​ity of adverse reaction to this drug in this patient. 
Amide Local Anesthetics
The metabolism of the amide local anesthetics is more complex than that of the esters. The primary site of bio​transformation of amide drugs is the liver. Virtually the entire metabolic process occurs in the liver for lidocaine. mepivacaine, articaine. etidocaine, and bupivacaine. Prilocaine undergoes primary metabolism in the liver, with some also possibly occurring in the lung.

The rates of biotransformation of lidocaine, mepiva​caine, articaine. etidocaine. and bupivacainc arc quite sim​ilar. Prilocaine undergoes more rapid biotranslbrmation than the other amides. Liver function and hepatic perfu​sion therefore significantly influence the rate of biotrans​formation of an amide local anesthetic. Approximately 70% of a dose of injected lidocaine undergoes biotrans- formation in patients with normal liver function.1 Patients with lower than usual hepatic blood flow (hypotension, congestive heart failure) or poor liver func​tion (cirrhosis) arc unable to biotransform amide local anesthetics at a normal rate. This slower than normal biotranslbrmation rate leads to increased anesthetic blood levels and potentially increased toxicity. Significant liver dysfunction (ASA IV to VI) or heart failure (ASA IV to VI) represent a relative contraindication to the adminis​tration of amide local anesthetic drugs (Table 2-2).

The biotranslbrmation products of certain local anes​thetics are capable of producing significant clinical activ​ity if permitted to accumulate in the blood. This is seen in renal or cardiac failure and during periods of pro​longed drug administration. A clinical example is the pro​duction of methemoglobinemia in patients receiving large doses of prilocainc or articaine. Prilocaine, the parent compound, cannot produce methemoglobinemia; but orthotoluidine. a primary metabolite of prilocainc. does induce the formation of methemoglobin, which is responsible for methemoglobinemia. If methemoglobin blood levels become elevated, clinical signs and symp​toms will be observed. Another example of pharmacologically active metabolites is the sedative effect occasionally observed following lidocaine administration. Lidocaine docs noi produce sedation; however, two metabolites— monoethylglycinexylidide and glycincxylidide—are cur​rently thought to be responsible for this clinical action.

Excretion

The kidneys arc the primary excretory organ for both the local anesthetic and its metabolites. A percentage of a given dose of local anesthetic drug will be excreted unchanged in the urine. This percentage varies accord​ing to the drug, Esters appear in only very small concen​trations as the parent compound in the urine. This is because they are hydrolyzed almost completely in the plasma. Procaine appears in (he urine as PABA (90%) and 2% unchanged. Ten percent of a cocaine dose is found in the urine unchanged. Amides are usually present in the urine its the parent compound in a greater percentage than are esters, primarily because of their more complex process of biotransformation. Though the percentages of parent drug found in urine vary from study to study, less than 3% lidocaine, 1% mepivacaine, and 1% etidocaine are found unchanged in the urine.

Patients with significant renal impairment may be unable to eliminate the parent local anesthetic com​pound or its major metabolites from the blood, resulting in slightly elevated blood levels and an increased potential for toxicity. This may occur with cither the esters or the amides and is especially likely with cocaine. Thus significant renal disease (ASA IV to VI) represents a relative con​traindication to the administration of local anesthetics. This includes patients undergoing renal dialysis and those with chronic glomerulonephritis and/or pyelonephritis.
SYSTEMIC ACTIONS OF LOCAL ANESTHETICS
Local anesthetics are chemicals that reversibly block action potentials in all excitable membranes. The central nervous system (CNS) and the cardiovascular system (CVS) are therefore especially susceptible to their actions. Most of the systemic actions of local anesthetics arc related to their blood or plasma level. The higher the level, the greater will be the clinical action.

Centbucridine (a quinoline derivative), has proved 10 be 5 to 8 times as potent a local anesthetic as lidocaine, with an equally rapid onset of action as well as an equiv​alent duration. Of potentially great importance is the finding that it does not affect the CNS or CVS adversely except in very high doses. Local anesthetics are absorbed from their site of administration into the circulatory system, which effec​tively dilutes them and carries them to all cells of the body. The blood level of the anesthetic depends on its rate of uptake from its site of administration into the cir​culatory system (increasing the blood level) and on the rates of distribution in tissue and biotransformation (in the liver), which remove the drug from the blood (decreasing the blood level).
Central Nervous System
Local anesthetics readily cross the blood-brain barrier. Their pharmacological action on the CNS is depression. At low (therapeutic, nontoxic) blood levels, there are no CNS effects of any significance. At higher (toxic, over​dose) levels, the primary clinical manifestation is a gen​eralized tonic-clonic convulsive episode, between these two extremes there exists a spectrum of other clinical signs and symptoms. 
Anticonvulsant Properties
Some local anesthetics (procaine, lidocaine. mepiva- caine. prilocaine, and even cocaine) have demonstrated anticonvulsant properties. These occur at a blood level considerably below that at which the same drugs produce seizure activity. Values for anticonvulsive blood levels of lidocaine follow:

Clinical situation
                              Blood level

Anticonvulsive level                     
0.5 to 4 ɱg/ml

Preseizure signs and symptoms
        4.5 to 7 ɱg/ml

Tonic-clonic seizure                      
>7.5 ɱg/ml

Procaine, mepivacaine, and lidocainc have been used intravenously to terminate or decrease the duration of both grand mal and petit mal seizures.20-23 The anticon​vulsant blood level of lidocaine (about 1 to 4.5 pg/ml) is very close to its cardiotherapcutic range (see the follow​ing material). It has been demonstrated to be effective in temporarily arresting seizure activity in a majority of human epileptics.2* It was especially effective in inter​rupting status cpilcpticus at therapeutic doses of 2 to 3 mg/kg given at a rate of 40 to 50 mg/min.

Mechanism of anticonvulsant properties Epi​leptic patients possess hyperexcitable cortical neurons at a site within the brain where the convulsive episode originates (epileptic focus). Local anesthetics, by their depressant actions on the CNS, raise the seizure threshold by decreasing the excitability of these neurons, there​by preventing or terminating seizures.
Preconvulsive Signs and Symptoms
With a further increase in the blood level of a local anes​thetic above its “therapeutic” value, adverse actions may be observed. Because the CMS is much more susceptible to the actions of local anesthetics than other systems, it is not surprising that the initial clinical signs and symp​toms of overdose (toxicity) are CNS in origin. With lido cainc this second phase is observed at a level between 4,5 and 7 ɱg/ml in the average normal healthy patient.  Initial clinical signs and symptoms of CMS toxicity arc usually excitatory in nature:
Signs (objectively observable)
Slurred speech Shivering

Muscular twitching Tremor in muscles of face and distal extremities
Symptoms (subjectively felt)
Numbness of tongue and circumoral region Warm, flushed feeling of skin Pleasant dreamlike state

Generalized light headedness Dizziness

Visual disturbances (inability to focus)

Auditory disturbance (tinnitus)

Drowsiness

Disorientation
These clinical signs and symptoms are all related to the direct depressant action of the local anesthetic on the CMS, except lor the sensation of circumoral and lin​gual numbness. Numbness of the tongue and circumoral regions is not caused by the CNS effects of the local anesthetic drug.25 Rather it is the result of a direct anes​thetic action of the drug, which is present in high con​centrations in these highly vascularized tissues, on free nerve endings. The anesthetic has been transported to these tissues by the CVS. A dentist might have difficulty conceptualizing why anesthesia of the tongue is consid​ered to be a sign of a toxic reaction when lingual anes​thesia is commonly produced following mandibular nerve blocks. Consider for a moment a physician admin​istering a local anesthetic into the patient’s foot. Overly high blood levels would produce a bilateral numbness of the tongue, as contrasted to the usual unilateral anes​thesia seen following dental nerve blocks.

Lidocaine and procaine differ somewhat from other local anesthetic drugs in that the usual progression of signs and symptoms just noted may not be seen. Lidocaine

and procaine frequently produce an initial mild sedation or drowsiness (more common with lidocaine).26
Sedation may develop in place of the excitatory signs. If either excitation or sedation is observed in the initial 5 to 10 minutes following the intraoral administration of a local anesthetic, it should serve as a warning to the clin​ician of a rising local anesthetic blood level and the pos​sibility (if the blood level continues to rise) of a more serious reaction, possibly leading to a generalized con​vulsive episode.
Convulsive Phase
Further elevation of the local anesthetic blood level pro​duces clinical signs and symptoms consistent with a gen​eralized tonic-clonic convulsive episode. The duration of seizure activity is related to the local anesthetic level in the blood and inversely related to the arterial Pc.o2 level.27 At a normal Pcoj a lidocaine blood level between

7.5 and 10 ug/ml will usually result in a convulsive episode. Where C02 levels are increased, the amount of local anesthetic necessary for .seizures will be decreased while the duration of the seizure will be increased.27 Seizure activity is generally self-limiting, since cardiovas​cular activity usually is not significantly impaired and bio- transformation and redistribution of the local anesthetic continue throughout the episode. This results in a decrease of the anesthetic blood level and termination of seizure activity.

However, several other mechanisms are also at work that unfortunately act to prolong the convulsive episode. Both cerebral blood flow and cerebral metabolism increase during local anesthetic-induced convulsions. Increased blood flow to the brain leads to an increase in the volume of local anesthetic delivered to the brain, tending to prolong the seizure. Increased cerebral metabolism leads to a progressive metabolic acidosis as the seizure continues, and this tends to prolong the seizure activity (by lowering the blood level of anesthet​ic required to provoke a seizure),even in the presence of a declining local anesthetic level in the blood. As noted in Tables 2-3 and 2-1 the dose of local anesthetic required to induce seizures is markedly diminished in the presence of hypercarbia (Table 2-3) and/or acidosis ( Table 2-1).

Further increases in local anesthetic blood level result in a cessation of seizure activity. Electroencephalo graphic (EEG) tracings become flattened, indicating a generalized CNS depression. Respiratory depression occurs at this time, leading eventually to respiratory arrest if the anesthetic blood levels continue to rise. Respiratory effects are a result of the depressant action of the local anesthetic drug on the CNS.

Mechanism of preconvulsant and convulsant actions It is known that local anesthetics exert a depressant action on excitable membranes, yet the pri mary clinical manifestation associated with high local anesthetic blood levels is related to varying degrees of CNS stimulation. How can a drug that is primarily a CNS depressant be responsible for the production of varying degrees of CNS stimulation, including tonic-clonic seizure activity? It is thought that local anesthetics pro​duce clinical signs and symptoms of CNS excitation (including convulsions) through a selective blockade of inhibitory pathways in the cerebral cortex. de Jong states that “inhibition of inhibition thus is a presynaptic event that follows local anesthetic blockade of impulses traveling along inhibitory pathways.

The cerebral cortex has pathways of neurons that are essentially inhibitory and others that are facilitory (exci​tatory). A state of balance is normally maintained between the degrees of effect exerted by these neuronal paths. At preconvulsant anesthetic blood levels, the observed clinical signs and symptoms are produced because the local anesthetic selectively depresses the action of inhibitory neurons (Fig. 2-6). The state of bal​ance is then lipped slightly in favor of excessive facilito​ry (excitatory) input, leading to the feeling of tremor and slight agitation.

At higher (convulsive) blood levels the inhibitory neuron function is entirely depressed, allowing facilitory neurons to function unopposed (Fig. 2-7). Pure facilitory input without inhibition produces the tonic-clonic activ​ity observed at these levels.

Further increases in anesthetic blood level lead to depression of the facilitory as well as the inhibitory path​ways. producing generalized CNS depression The precise site of action of the local anesthetic within the CNS is not known hut is thought to be either at the inhibitory cortical synapses or directly on the inhibitory  cortical neurons.
Analgesia
There is a second action that local anesthetics possess in relation to the CNS. Administered intravenously, they increase the pain reaction threshold and also produce a degree of analgesia.

In the 1940s and 1950s procaine was administered intravenously for the management of chronic pain and arthritis.33 The procaine unit was commonly used for this purpose; it consisted of 4 mg/kg of body weight administered over 20 minutes. The technique was inef​fective for acute pain. Because of the relatively narrow safety margin between procaine's analgesic actions and the occurrence of signs and symptoms of overdose, this technique is rarely used today.
Mood Elevation
The use of local anesthetic drugs for mood elevation and for rejuvenation has persisted for centuries, despite documenation of both catastrophic events (mood elevation) and a lack of effect (rejuvenation).

Cocaine has long been used for both its euphoria- inducing and fatigue-lessening actions, dating back to the chewing of coca leaves by Incans and other South American natives. Unfortunately, as is well known today, the prolonged use of cocaine leads to habituation. William Halsted, the father of American surgery, cocaine researcher, and the first person to administer a local anes​thetic nerve block, suffered greatly because of an addic​tion to cocaine. In more modern times the sudden, unexpected deaths of several prominent athletes due to cocaine, and the addiction of many others, clearly demonstrate the dangers involved in the casual use of potent drugs.

More benign, but totally unsubstantiated, is the use of procaine (Novocain) as a rejuvenating drug. Clinics pro​fessing to "restore youthful vigor” claim that procaine is a literal Fountain of Youth. These clinics operate primarily in central Europe and Mexico, where procaine is used under the proprietary name "Gerovital." de Jong stales that “whatever the retarding effect on aging, it probably is relegated most charitably to mood elevation."37
Cardiovascular System

Local anesthetic drugs have a direct action on the myocardium and peripheral vasculature. In general, how​ever. the cardiovascular system appears to he more resis​tant to the effects of local anesthetic drugs than is the CNS (Table 2-5).
Direct Actions on the Myocardium
Local anesthetics modify electrophysiological events in the myocardium in a manner similar to their actions on peripheral nerves. As the anesthetic blood level increas​es, the rate of rise of various phases of myocardial depo​larization is reduced. There is no significant change in resting membrane potential, and no significant prolonga​tion of the phases of repolarization.

Local anesthetics produce a depression of the myocardium related to the anesthetic level in the blood.

Local anesthetic drug action decreases electrical excitability of the myocardium, decreases the conduc​tion rate, and decreases the force of contraction.

Therapeutic advantage is taken of this depressant action in managing the hyperexcitahle myocardium, which manifests itself as various cardiac dysrhythmias. Although many local anesthetics have demonstrated anti- dysrhvthmic actions in animals, only procaine and lidocaine have gained significant clinical reliability in humans. Lidocaine is the most widely used and inten​sively studied local anesthetic in this regard. Procainamide is the procaine molecule with an amide linkage replacing the ester linkage. Because of this it is hydrolyzed much more slowly than procaine. Tocainide, a chemical analogue of lidocaine, was intro​duced in 1984 as an oral antidysrhythmic drug since lido​caine is ineffective following oral administration. Tocainide is also effective in ventricular dysrhythmias but is associated with a 40% incidence of adverse effects including nausea, vomiting, tremor, paresthesias, agranulocytosis, and pulmonary fibrosis. Tocainide worsens symptoms of congestive heart failure in about 5% of patients and may provoke dysrhythmias (is prodysrhythmic) in from 1% to 8%.

Levels of lidocaine in the blood that normally occur fol​lowing intraoral injection of one or two dental cartridges (0.5 to 2 ɱg/ml) are not associated with cardiodepressant activity. Increasing lidocaine blood levels slightly is still nontoxic and is associated with antidysrhythmic actions. Therapeutic blood levels of lidocaine for antidysrhythmic activity range from 1.8 to 6 mg/ml.

Lidocaine is usually administered intravenously in a bolus of 50 to 100 mg at a rate of 25 to 50 mg/min. This dose is based on 1 mg/kg of body weight and frequently is followed by a continuous IV infusion of 2 to 4 mg/min. Signs and symptoms of local anesthetic overdose will be noted if the blood level rises beyond 6 ɱg/ml of blood.

Lidocaine is used clinically primarily in the manage​ment of PVCs and ventricular tachycardia. It is also used as a fundamental drug in advanced cardiac life support and in managing cardiac arrest caused by ventricular fib​rillation.

Direct cardiac actions of local anesthetics at blood levels greater than the therapeutic (antidysrhythmic) level include a decrease in myocardial contractility and decreased cardiac output, both of which lead to circula​tor  collapse (Table 2-S).

Table 2-6 summarizes the CNS and cardiovascular effects of increasing local anesthetic blood levels.
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Direct Action on the Peripheral Vasculature
Cocaine is the only local anesthetic drug that consistent​ly produces vasoconstriction at commonly employed dosages. Ropivacaine causes cutaneous vasoconstric​tion, whereas its congener bupivacaine produces vasodi​lation. All other local anesthetics produce a peripheral vasodilation. through relaxation of the smooth muscle in the walls of blood vessels. This results in an increased blood flow to and from the site of local anesthetic depo​sition (Table 2-1). The increase in local blood flow increases the rate of drug absorption, which in turn leads to a decreased duration of local anesthetic action, increased bleeding in the treatment area, and increased local anesthetic blood levels (with a greater possibility of toxicity).

Table 2-7 provides examples of peak blood levels achieved following local anesthetic injection with and without the presence of a vasopressor.

The primary effect of local anesthetics on blood pres​sure is hypotension. Procaine produces hypotension more frequently and to a more profound degree than does lidocaine; 50% of patients in one study receiving procaine became hypotensive, compared with 6% of those receiving lidocaine. This action is produced by direct depression of the myocardium and smooth muscle relaxation in the vessel walls by the local anesthetic.

In summary, negative effects on the cardiovascular system arc not noted until significantly elevated local anesthetic blood levels are reached. The usual sequence of local anesthetic-induced actions on the cardiovascu​lar system is as follows:
At nonoverdose levels there is a slight increase or no change in blood pressure because of increased car​diac output and heart rate, as a result of enhanced sympathetic activity; and there is direct vasoconstric​tion of certain peripheral vascular beds.
At levels approaching, yet still below, overdose level a mild degree of hypotension is noted; this is pro​duced by a direct relaxant action on the vascular smooth muscle.
At overdose levels there is profound hypotension caused by decreased myocardial contractility, decreased cardiac output, and decreased peripheral resistance.
At lethal levels cardiovascular collapse is noted. This is caused by massive peripheral vasodilation, decreased myocardial contractility, and decreased heart rate (sinus bradycardia).

Certain local anesthetics such as bupivacaine (and to a lesser degree ropivacaine and etidocaine) may precipi​tate potentially fatal ventricular fibrillation.
Local Tissue Toxicity
Skeletal muscle appears to be more sensitive to the local irritant properties of local anesthetics than other tissues. Intramuscular and intraoral injection of lidocaine, mepivacainc, prilocaine, bupivacaine, and etidocaine can pro​duce skeletal muscle alterations. It appears that the longer-acting local anesthetics cause more localized skeletal muscle damage than shorter-acting drugs. The changes occurring in skeletal muscle are reversible, with muscle regeneration being complete within 2 weeks fol​lowing local anesthetic administration. These muscle changes have not been associated with any overt clinical signs of local irritation.
Respiratory System
Local anesthetic drugs exert a dual effect on respiration. At nonoverdose levels they have a direct relaxant action on bronchial smooth muscle; at overdose levels they may produce respiratory arrest as a result of generalized CNS depression. In general, respiratory function is unaffected by local anesthetic drugs until near overdose levels are achieved.
Miscellaneous Actions
Neuromuscular Blockade
Many local anesthetics have been demonstrated to block neuromuscular transmission in humans. This is a result of the inhibition of sodium diffusion through a blockade of sodium channels in the cell membrane. This action is nor​mally slight and usually clinically insignificant. On occa​sion, however it can be additive to that produced by both depolarizing (e.g. succinylcholine) and nondepolarizing (e.g., curare) muscle rclaxants, and this may lead to abnormally prolonged periods of muscle paralysis. Such actions are unlikely to occur in the dental outpatient.
Drug Interactions
In general, CNS depressants (e.g., opioids, antianxiety drugs, phenothiazines, and barbiturates), when adminis​tered in conjunction with local anesthetics, lead to potentiation of the CNS-depressant actions of the local anesthetic. The conjoint use of local anesthetics and drugs that share a common metabolic pathway can pro​duce adverse reactions. Both ester local anesthetics and the depolarizing muscle relaxant succinylcholine require plasma pseudocholinesterase for hydrolysis. Prolonged apnea may result from the concomitant use of these drugs.

Drugs that induce the production of hepatic microso​mal enzymes (e.g.. barbiturates) may alter the rate at which amide local anesthetics are metabolized. Increased hepatic microsomal enzyme induction will increase the rate of metabolism of the local anesthetic.
Malignant Hyperthermia
Malignant hyperthermia (MH; hyperpyrexia) is a phar- macogenic disorder in which a genetic variant in the individual alters that person's response to certain drugs. Acute clinical manifestations of MH include tachycardia, tachypnea, unstable blood pressure, cyanosis, respiratory and metabolic acidosis, fever (as high as 108° F (42° C) or more), muscle rigidity, and death. Mortality ranges from 63% to 73%. Many commonly used anesthetic drugs can trigger Mil in certain individuals.

Until recently the amide local anesthetics were thought to be capable of provoking Mil and were con​sidered to be absolutely contraindicated in MH-susceptible patients. Information from the Malignant Hyperthermia Association of the United Stales, however, has raised considerable doubt about this. The pres​ence of Mil is considered today a relative contraindica​tion to local anesthetic administration. Ester local anes​thetics may be administered with no increase in risk when a familial history of MH is known. These include procaine/propoxycaine, tetracaine, and chloroprocaine. 
DESIRABLE PROPERTIES OF LOCAL ANESTHETICS
Local anesthesia has been defined as a loss of sensation in a circumscribed area of the body caused by a depres​sion of excitation in nerve endings or an inhibition of the conduction process in peripheral nerves.
 An important feature of local anesthesia is that it produces this loss of sensation without inducing a loss of consciousness. In this one major area local anesthesia differs dnunatically from general anesthesia.

There are many methods of inducing local anesthesia, some of which follow:

1. Mechanical trauma

2. Low temperature

3. Anoxia

4. Chemical irritants

5. Neurolytic agents such as alcohol and phenol

6. Chemical agents such as local anesthetics

However, only those methods or substances that induce a transient and completely rei'ersible state of anes​thesia are used in clinical practice. The following are those properties deemed most desirable for a local anesthetic:
1. It should not be irritating to the tissue to which it is applied.

2. It should not cause any permanent alteration of nerve structure.

3. Its systemic toxicity should be low.

4. It must be effective regardless of whether it is inject​ed into the tissue or applied locally to mucous mem​branes.
5. The time of onset of anesthesia should be as short as possible.

6. The duration of action must be long enough to per​mit completion of the procedure yet not so long as to require an extended recovery.
Most local anesthetics discussed in this section meet the first two criteria: they are (relatively) nonirritating to tissues and completely reversible. Of paramount impor​tance is systemic toxicity, since all injectable and most topical local anesthetics are eventually absorbed from their site of administration into the cardiovascular system. Therefore the potential toxicity of a drug is an important factor in its selection for use as a local anesthetic. Toxicity varies greatly among the local anesthetics currently in use. Although it is a desirable characteristic, not all local anes​thetics in clinical use today meet the criterion of being effective regardless of whether the drug is injected or applied topically. Several of the more potent injectable local anesthetics (procaine, mepivacaine) prove to be rel​atively ineffective when applied topically to mucous membrane. To be effective as topical anesthetics, these drugs must be applied in concentrations that prove to be locally irritating to tissues and increase the risk of sys​temic toxicity. Dydonine, a potent topical anesthetic, is not administered by injection because of its tissue-irritating properties. Lidocaine and tetracaine, on the other hand, are both effective anesthetics when administered by injection or topical application in clinically acceptable concentrations. The last factors, rapid onset of action and adequate duration of clinical action, are met quite satis​factorily by most of the clinically effective local anesthet​ics in use today. Clinical duration of action does vary con​siderably among drugs and also among different prepara​tions of the same drug. The duration of anesthesia required to complete a procedure will be a major consid​eration in the selection of a local anesthetic.

In addition to these qualities, Bennett2 lists other desirable properties of an ideal local anesthetic:

1. It should have a potency sufficient to give com​plete anesthesia without the use of harmful con​centrated solutions.

2. It should be relatively free from producing allergic reactions.

3. It should be stable in solution and readily undergo biotransformation in the body.

4. It should either be sterile or be capable of being sterilized by heat without deterioration.

The local anesthetics in use today, although they do not satisfy all of these criteria, do meet the majority of them. Research is continuing in an effort to produce newer drugs that possess a maximum of desirable factors and a minimum of negative ones.
MODE AND SITE OF ACTION OF LOCAL ANESTHETICS
How and where do local anesthetics alter the processes of impulse generation and transmission? It is possible for local anesthetic agents to interfere with the excitation process in a nerve membrane in one or more of the fol​lowing ways:

1. Altering the basic resting potential of the nerve membrane

2. Altering the threshold potential (firing level)

3. Decreasing the rate of depolarization

4. Prolonging the rate of repolarization

It has been established that the primary effects of local anesthetics occur during the depolarization phase of the action potential.18 These effects include a decrease in the fate of depolarization, particularly in the phase of slow depolarization. Because of this, cellular depolarization is not sufficient to reduce the membrane potential of a nerve fiber to its firing level, and a propa​gated action potential does not develop. There is no accompanying change in the rate of repolarization.
Where Do Local Anesthetics Work?
The nerve membrane is the site at which local anesthet​ic agents exert their pharmacological actions. Many the​ories have been promulgated over the years to explain the mechanism of action of local anesthetics, including the acetylcholine, calcium displacement, and surface charge theories. The acetylcholine theory stated that acetylcholine was involved in nerve conduction in addi​tion to its role as a neurotransmitter at nerve synapses.19 There is no evidence that acetylcholine is involved in neural transmission along the body of the neuron. The calcium displacement theory, once quite popular, main​tained that local anesthetic nerve block was produced by the displacement of calcium from some membrane site that controlled permeability to sodium.20 Evidence that varying the concentration of calcium ions bathing a nerve does not affect local anesthetic potency has dimin​ished the credibility of this theory. The surface charge (repulsion) theory' proposed that local anesthetics acted by binding to the nerve membrane and changing the electrical potential at the membrane surface.21 Cationic (RNI l+) (p. 16) drug molecules were aligned at the membrane-water interface, and since some of the local anes​thetic molecules carried a net positive charge, they made the electrical potential at the membrane surface more positive, thus decreasing the excitability of the nerve by increasing the threshold potential. Current evidence indicates that the resting potential of the nerve mem​brane is unaltered by local anesthetics (they do not become hyperpolarized) anti that conventional local anesthetics act within the membrane channels rather than at the membrane surface. Also the surface charge theory cannot explain the activity of uncharged anes​thetic molecules in blocking nerve impulses (e.g.. benzocaine).

Two other theories, membrane expansion and specif​ic receptor, are given some credence today. Of the two, the specific receptor theory is more widely held.

The membrane expansion theory states that local anesthetic molecules diffuse to hydrophobic regions of excitable membranes, producing a general disturbance of the bulk membrane structure, expanding some critical region(s) in the membrane, and thus preventing an increase in the permeability to sodium ions. Local anesthetics that are highly lipid soluble can easily pene​trate the lipid portion of the cell membrane, producing a change in configuration of the lipoprotein matrix of the nerve membrane. This results in a decreased diameter of sodium channels, which leads to an inhibition of both sodium conductance and neural excitation (Fig. 1-10). The membrane expansion theory serves as a possible explanation for the local anesthetic activity of a drug such as benzocaine, which does not exist in cationic form yet still exhibits potent topical anesthetic activity. It has been demonstrated that nerve membranes do, in fact, expand and become more ‘‘fluid" when exposed to local anesthetics. However, there is no direct evidence that nerve conduction is entirely blocked by membrane expansion per se.

The specific receptor theory. The most favored today, proposes that local anesthetics act by binding to specif​ic receptors on the sodium channel. The action of the drug is direct, not mediated by some change in the general properties of the cell membrane. Both biochemical and electro physiological studies have indicated that a specific receptor site for local anesthet​ic agents exists in the sodium channel either on its exter​nal surface or on the internal axoplasmic surface.25-26 Once the local anesthetic has gained access to the recep​tors. permeability to sodium ions is decreased or elimi​nated and nerve conduction is interrupted.

Local anesthetics are classified by their ability to react with specific receptor sites in the sodium channel. It appears that there are at least four sites within the sodi​um channel at which drugs can alter nerve conduction (Fig. 1-11):

Table 1-3 is a biological classification of local anes​thetics based on their site of action and the active form of the compound. Drugs in Class C exist only in the uncharged form (RN), whereas Class D drugs exist in both charged and uncharged forms. Approximately 90% of the blocking effects of Class 1) drugs is caused by the cationic form of the drug; only 10% of blocking action is produced by the base (Fig. 1-12):

1. Within the sodium channel (tertiary amine local anesthetics)

2. At the outer surface of the sodium channel (tetrodotoxin, saxitoxin)

3. At either the activation or the inactivation gates (scorpion venom)
Myelinated Nerve Fibers
One additional factor needs consideration with regard to the site of action of local anesthetics in myelinated nerves. The myelin sheath insulates the axon both electrically and pharmacologically. The only site at which the molecules of local anesthetic have access to the nerve membrane is at the nodes of Ranvier where sodium channels arc found in abundance. The ionic changes that develop during impulse1 conduction also arise only at the nodes.

Because an impulse may skip over or bypass one or two blocked nodes and continue on its way, it is neces​sary for at least two or three nodes immediately adjacent to the anesthetic solution to be blocked to ensure effec​tive anesthesia, a length of approximately 8 to 10 mm.

Sodium channel densities differ in myelinated and unmyelinated nerves. In small unmyelinated nerves the density of sodium channels is about 35/ɱm, whereas at the nodes of Ranvier in myelinated fibers it may be as high as 20,000/ɱm2. On an average nerve-length basis, there are relatively few sodium channels in unmyelinat​ed nerve membranes. For example, in the garfish olfactory nerve the ratio of sodium channels to phospholipid molecules is 1:60,000. corresponding to a mean distance between channels of 0.2 ɱm, whereas at densely packed nodes of Ranvier the channels are separated by only 70 A.
How Local Anesthetics Work
The primary action of local anesthetics in producing a conduction block is to decrease the permeability of the ion channels to sodium ions (Na+). Local anesthetics selectively inhibit peak sodium permeability, whose value is normally about 5 to 6 times greater than the min​imum required for impulse conduction (i.e., there is a safety factor for conduction of 5X to 6X).29 Local anes​thetics reduce this safety factor, decreasing both the rate of rise of the action potential and its conduction veloci​ty. When the safety factor falls below unity (1.0), con​duction fails and nerve block occurs.

Local anesthetics produce a very slight, virtually insignificant decrease in potassium (K+) conductance through the nerve membrane.

Calcium ions (Ca++), which exist in bound form with​in the cell membrane, are thought to exert a regulatory role on the movement of sodium ions across the nerve membrane. Release of bound calcium ions from the ion channel receptor site may be the primary factor respon​sible for the increased sodium permeability of the nerve membrane. This represents the first step in nerve mem​brane depolarization. Local anesthetic molecules may act by competitive antagonism with calcium for some site on the nerve membrane.

The following sequence is a proposed mechanism of action of local anesthetics:1
1. Displacement of calcium ions from the sodium chan​nel receptor site, which permits
2. Binding of the local anesthetic molecule to this receptor site, which thus produces ..
3. Blockade of the sodium channel, and a ...
4. Decrease in sodium conductance, which leads to ...

5. Depression of the rate of electrical depolarization and a ...
6. Failure to achieve the threshold potential level, along with a ...
7. Lack of development of propagated action poten​tials, which is called..
8. Conduction blockade.

The mechanism whereby sodium ions gain entry to the axoplasm of the nerve, thereby initiating an action potential, is altered by local anesthetics. The nerve mem​brane remains in a polarized state because the ionic movements responsible for the action potential fail to develop. Because the membrane’s electrical potential remains unchanged, local currents do not develop and the self-perpetuating mechanism of impulse propagation is stalled. An impulse that arrives at a blocked nerve seg​ment is stopped because it is unable to release the energy needed for its continued propagation. Nerve block produced by local anesthetics is called a nondepolariz​ing nerve block.
ACTIVE FORMS OF LOCAL ANESTHETICS

Local Anesthetic Molecules
The vast majority of injectable local anesthetics arc- ter tiary amines. Only a few (e.g., prilocaine and hexylcaine) are secondary amines. The typical local anes​thetic structure is shown in Figs. 1-13 and 1-14. The lipophilic part is the largest portion of the molecule. Aromatic in structure, it is derived from benzoic acid or aniline. All local anesthetics arc amphipathic—that is, they possess both lipophilic and hydrophilic charac​teristics, generally at opposite ends of the molecule. The hydrophilic part is an amino derivative of ethyl alcohol or acetic acid. Local anesthetics without a hydrophilic part are not suited for injection but are good topical anesthetics (e.g., benzocaine). The anes​thetic structure is completed by an intermediate hydro​carbon chain containing either an ester or an amide linkage. Other chemicals, especially antihistamines and anticholinergics, share this basic structure with the local anesthetics and commonly exhibit weak local anesthetic properties.

Local anesthetics are classified as either esters or amides according to their chemical linkages. The nature of the linkage is important in defining several properties of the local anesthetic, including the basic mode of biotransformation. Ester-linked local anesthetics (e.g., pro​caine) are readily hydrolyzed in aqueous solution. Amide- linked local anesthetics (e.g. lidocaine) are relatively resistant to hydrolysis. A greater percentage of an amide- linked drug is excreted unchanged in the urine than of an ester-linked drug. Procainamide, which is procaine with an amide linkage replacing the ester linkage, is as potent a local anesthetic as procaine; yet. Because of its amide linkage, it is hydrolyzed much more slowly. Procaine is hydrolyzed in plasma in only a few minutes, but only approximately 10% of procainamide is hydrolyzed in 1 day.

As prepared in the laboratory, local anesthetics are basic compounds, poorly soluble in water, and unstable on exposure to air.50 Their pKa values range from 7.5 to 10. In this form they have little or no clinical value. However, being weakly basic, they combine readily with acids to form local anesthetic salts, in which form they are quite soluble in water and comparatively stable. Thus local anesthetics used for injection are dispensed as salts, most commonly the hydrochloride salt, dissolved in cither sterile water or saline.

It is well known that the pH of a local anesthetic solu​tion (and the pH of the tissue into which it is injected) greatly influences its nerve-blocking action. Acidi​fication of tissue decreases local anesthetic effective​ness. Inadequate anesthesia results when local anesthet​ics are injected into infected or inflamed areas. The inflammatory process produces acidic products: the pH of normal tissue is 7.1; the pH of an inflamed area is 5 to 6. Local anesthetics containing epinephrine or other vasopressors are acidified by the manufacturer to inhib​it the oxidation of the vasopressor (p. 18). The pH of solutions without epinephrine is about 5.5; epinephrine-containing solutions have a pH of about 3.3. Clinically this lower pH is more likely to produce a burning sensation on injection, as well as a slightly slow​er onset of anesthesia.

Increasing the pH (alkalinization) of a local anesthetic solution speeds the onset of its action, increases its clin​ical effectiveness, and makes its injection more comfort​able. However, the local anesthetic base, because it is quite unstable, precipitates out of alkalinized solutions, and this makes these solutions ill suited for clinical use Recently, carbonated local anesthetics have received much attention. Sodium bicarbonate or carbon dioxide (C02) added to the anesthetic solution immediately prior to injection provides greater comfort and a more rapid onset of anesthesia. (See Chapter 19.)M
Despite wide pH variation of extracellular fluids, the pH at the interior of a nerve remains quite stable. Normal functioning of a nerve is therefore affected very little by changes in extracellular pH. However, the ability of a local anesthetic to block nerve impulses is profoundly altered by changes in extracellular pH.
Dissociation of Local Anesthetics
As just discussed, local anesthetics are available as salts (usually the hydrochloride) for clinical use. The salt, both water soluble and stable, is dissolved in either sterile water or saline. In this solution it exists simultaneously as (1) uncharged molecules CRN), also called the base, and (2) positively charged molecules (RNH+) called the cation.
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The relative proportion of each ionic form in the solu​tion varies with the pH of the solution or surrounding tissues. In the presence of a high concentration of hydro​gen ions (low pH) the equilibrium shifts to the left and most of the anesthetic solution exists in cationic form:

RNH- > RN + H+
As hydrogen ion concentration decreases (higher pH), the equilibrium shifts toward the free base form:

RNH+ < RN+H+
The relative proportion of ionic forms also depends on the pKa or dissociation constant of the specific local anesthetic. The pKa is a measure of a molecule’s affinity for hydrogen ions (H+). When the pH of a solution has the same value as the pKa of the local anesthetic, exact​ly half the drug will exist in the RNH+ form and exactly half in the RN form. The percentage of drug existing in either form can he determined from the Henderson- Hasselbalch equation:

Log = Base / Acid = pH - pKa
Table 1-1 lists the pKa values for some commonly used local anesthetics.
Actions on Nerve Membranes
The two factors involved in the action of a local anes​thetic are diffusion of the drug through the nerve sheath and binding at the receptor site in the ion channel. Thc uncharged, lipid-soluble, free base form (RN) of the anesthetic is responsible for diffusion through the nerve sheath. Consider the following example:

1. Assume that 1000 molecules of a local anesthetic with a pIC, of 7.9 are deposited in the tissues outside a nerve. The tissue pH Is normal (7.4) (Fig. 1-15).

2. From Table 1-4 and the Henderson-Hasselbalch equation, it can be determined that at this pH 75% of the local anesthetic molecules are present in the cationic form (RNH+) and 25% in the free base form (RN).

3. Theoretically all 250 lipophilic RN molecules diffuse through the nerve sheath to reach the axoplasm of the nerve cell.

4. Extraccllularly the equilibrium between RN11+ and RN is disrupted by passage of the free base forms into the nerve cell .The remaining 750 extracellular RMI+ molecules now reequilibrate according to the tissue pH and the drug pK.,
                        RNH+(570)             RN(180) + H+
5. The 180 newly created lipophilic RN molecules dif​fuse into the cell, starting the entire process (Step 4) again. Theoretically this will continue until all local anesthetic molecules have diffused into the axo​plasm. In reality, however, not all the anesthetic mol​ecules reach the interior of the nerve cell because of the process of diffusion and because some will be absorbed into local blood vessels and extracellular soft tissues at the injection site.

6. Let us now look inside the nerve. Following penetra​tion of the nerve sheath and entry into the axoplasm by the lipophilic RN form of the anesthetic, a reequilibration takes place since the local anesthetic cannot exist in only the RN form at the intracellular pH of 7.4. Seventy-live percent of the RN molecules pres​ent intracellularly revert to the RNH+ form; the remaining molecules stay in the uncharged RN form.

7. From the axoplasmic side ol the sodium channel the charged cationic form binds to the channel receptor site and is ultimately responsible for the conduction blockade that results (Figs. Ill and 1-12).

Of the two factors—diffusibility and binding— responsible for local anesthetic effectiveness, the former is extremely important in actual practice. An agent's abil​ity to diffuse through the tissues surrounding a nerve is of critical significance, since in clinical situations the local anesthetic cannot be applied directly to the nerve membrane as it can in a laboratory setting. Solutions bet​ter able to diffuse through soft tissue are at an advantage in clinical practice.

A local anesthetic with a high pKa has very few mole​cules available in the RN form at a tissue pH of 7.4. The anesthetic action of this drug will be poor because too few base molecules are available to diffuse through the nerve membrane (e.g., procaine, with а pKa of 9.1). The rate of onset of anesthetic action is related to the pKa of the local anesthetic (Table 1 -4).

A local anesthetic with a low pKa (below 7.5) has a very large number of lipophilic free base molecules, which are able to diffuse through the nerve sheath; how​ever, the anesthetic action of this drug will also prove inad​equate because at an intracellular pH of 7.4 only a very small number of base molecules will dissociate back to the cationic form necessary for binding at the receptor site.

In actual clinical situations with the local anesthetics currently available, it is the pH of the extracellular fluid that determines the ease with which a local anesthetic moves from the site of its administration into the axoplasm of the nerve cell. The intracellular pll (at the exter​nal surface of the nerve membrane) remains quite stable and independent of the extracellular pH. This is because hydrogen ions (H+), like the local anesthetic cations (RNH+).do not readily diffuse through tissues. The pll of extracellular fluid may therefore differ from that at the nerve membrane. The ratio of anesthetic cations to uncharged base molecules (RNH+/RN) may also vary greatly at these sites. Differences in extracellular and intracellular pH are highly significant in pain control where there is inflammation or infection. 35 The effect of a decrease in tissue pH on the actions of a local anes​thetic is described in Fig. 1-16. Compare this with the example in Fig. 1-15. involving normal tissue pH.

9. Assume that approximately 1000 molecules of a local anesthetic with a pKa of 7.9 are deposited out​side a nerve. The tissue is inflamed and infected and has a pH of 6.

10. At this tissue pH approximately 99% of the anesthet​ic molecules arc present in the charged cationic (RNH+) form, with fewer than 1% in the lipophilic free base (RN) form.

11. Approximately 10 RN molecules diffuse across the nerve sheath to reach the interior of the cell (con​

trasting with 250 RN molecules in the healthy exam​ple). The pH on the interior of the nerve cell remains normal (i.e., 7.4).

12. Extracellularly the equilibrium between RNH+ and KN, which has been disrupted, is reestablished. The relatively few newly created RN molecules diffuse into the cell, starting the entire process again. However, a sum total of fewer RN molecules suc​ceed in eventually crossing the nerve sheath than would succeed at a normal pH because of the great​ly increased absorption of anesthetic molecules into the blood vessels in the region (increased vascularity in the area of inflammation and infection).

13. After penetration of the nerve sheath by the base form, reequilibrium occurs. Approximately 75% of the molecules present intracellularly revert to the cationic form (RNH*), 25% remaining in the uncharged free base form (RN).

14. The cationic molecules bind to receptor sites within the sodium channel, resulting in conduction blockade.

Adequate blockade of the nerve is more difficult to achieve in infected or inflamed tissues because of the scarcity of molecules able to cross the nerve sheath (RN) and the increased absorption of the remaining anesthetic molecules into dilated blood vessels in this region. Although a potential problem in all aspects of dental prac​tice. this situation develops most frequently in endodontics. Possible remedies are described in Chapter 16.
Clinical Implications of pH and Local Anesthetic Activity
Most commercially pa-pared solutions of local anesthet​ics without a vasoconstrictor have a pH between 5.5 and 7.

When these solutions are deposited into tissue, the vast buffering capacity of the tissue fluids rapidly returns the pH at the injection site to a normal 7.4. Local anesthetic solutions that contain a vasopressor (e.g.. epinephrine) are acidified by the manufacturer to retard oxidation of the vasoconstrictor, thereby prolonging the period of the drug's effectiveness. (See Chapter 3 for a discussion of the appropriate use of vasoconstrictors in local anesthetics.)

Epinephrine may be added to a local anesthetic solu​tion immediately prior to its administration without the addition of antioxidants; however, if the solution is not used in a short time it will oxidize, becoming reddish brown.

Rapid oxidation of the vasoactive substance may be delayed, thereby increasing the shelf life of the product, through the addition of antioxidants. Sodium bisulfite is commonly used, in a concentration between 0.05% and 0.1%. A 2% solution of lidocaine. with a pH of 6.8, is acid​ified to 4.2 by the addition of sodium bisulfite.

Even in this situation the large buffering capacity of the* tissues tends to maintain a normal tissue pH; howev​er, it does require a longer time to do so following injec​tion of a pH 4.2 solution than with a pH 6.8 solution. During this time the local anesthetic is not able to func​tion at its full effectiveness, resulting in a slower onset of clinical action for local anesthetics with vasoconstrictors when compared with their “plain" counterparts.

Local anesthetics are clinically effective on both axons and free nerve endings. Free nerve endings lying below intact skin may be reached only by the injection of anesthetic beneath the skin. Intact skin forms an impenetrable barrier to the diffusion of local anesthetic agents. The recently formulated EMLA (eutectic mixture of local anesthetics) enables local anesthetics to pene​trate intact skin, albeit quite slowly.V1
Mucous membranes and injured skin (e.g., burns and abrasions) lack the protection afforded by intact skin, permitting topically applied local anesthetics to diffuse through to reach free nerve endings Topical anesthetics can be employed effectively wherever skin is no longer intact because of injury and on mucous membranes (e.g.. cornea, gingiva, pharynx, trachea, larynx, esopha​gus, and bladder).

The buffering capacity of mucous membrane is quite poor; thus the topical application of a local anesthetic with a pH between 5.5 and 6.5 lowers the regional pH to below normal, and less local anesthetic base is formed. Diffusion of the drug across the mucous mem​brane to free nerve endings is limited, and nerve block is ineffective. Increasing the pH of the drug provides more RN form, thereby increasing potency of the topical anes​thetic; however, the drug in this form is more rapidly oxi​dized. The effective shelf life of the anesthetic is decreased as the drug's pH increases.40
To make topical anesthetics clinically more effective, a more concentrated form of the drug is commonly used (5% or 10% lidocainc) than for injection (2% lidocainc). Although only a small percentage of the drug will be available in base form, raising the concentration provides more RN molecules for diffusion and dissociation to the active cation form at free nerve endings.
Some topical anesthetics, such as benzocaine, are not ionized in solution; thus their anesthetic effectiveness is unaffected by pH. Because of benzocaine's poor water solubility, its absorption from the site of application is minimal, and systemic reactions (e.g., overdose) are rarely encountered.
KINETICS OF LOCAL ANESTHETIC ONSET AND DURATION OF ACTION 

Barriers to Diffusion of the Solution
A peripheral nerve is composed of hundreds to thou​sands of tightly packed axons. These axons arc protect​ed, supported, and nourished by several layers of fibrous and elastic tissues. Nutrient blood vessels and lymphatics course throughout the layers.

Individual nerve fibers (axons) arc coveted with, and also separated from each other by. the endoneurium. The perineurium then binds these nerve fibers together into bundles called fascictdi. The radial nerve, located in the wrist, contains between 5 and 10 fasciculi. Each fas​ciculus contains between 500 and 1000 individual nerve fibers. Five thousand nerve fibers occupy approximately 1 mm2 of space.

The thickness of the perineurium varies with the diameter of the fasciculus it surrounds. The thicker the perineurium, the slower the rate of local anesthetic dif​fusion across it. The innermost layer of perineurium is the perilemma. It is covered with a smooth mesothclial membrane. The perilemma represents the main barrier to diffusion into a nerve.

Fasciculi are contained within a loose network of areolar connective tissue called the epineurium. The epineurium constitutes between 30% and 75% of the total cross-section of a nerve. Local anesthetics are read​ily able to diffuse through the epineurium because of its loose consistency. Nutrient blood vessels and lymphatics traverse the epineurium. These vessels absorb local anesthetic molecules, thus removing them from the nerve.

The outer layer of the epineurium surrounding the nerve is denser and thickened, forming what is termed the epineural sheath, or nerve sheath. The epineural sheath docs not constitute a barrier to diffusion of local anesthetic into a nerve.
Induction of Local Anesthesia
Following the administration of a local anesthetic into the soft tissues near a nerve, molecules of the local anes​thetic traverse the distance from one site to another according to their concentration gradient. During the induction phase of anesthesia, the local anesthetic moves from its extraneural site of deposition toward the nerve (as well as in all other directions). This process is termed diffusion. It is the unhindered migration of molecules or ions through a fluid medium under the influence of the concentration gradient. Penetration of an anatomical barrier to diffusion occurs when a drug passes through a tissue that tends to restrict free molecular movement. The perineurium is the greatest barrier to penetration of local anesthetics.
Diffusion
The rate of diffusion is governed by several factors, the most significant of which is the concentration gradient. The greater the initial concentration of the local anes​thetic, the faster will be the diffusion of its molecules and the more rapid its onset of action.

Fasciculi that are located near the surface of the nerve arc termed mantle bundles. Mantle bundles arc the first ones reached by the local anesthetic and are exposed to a higher concentration of it. Mantle bundles arc usually blocked completely shortly after the injection of a local anesthetic (Fig. 1-17. B).
Fasciculi found closer to the center of the nerve are called core bundles. Core bundles are contacted by a local anesthetic only after much delay and by a lower anesthetic concentration because of the greater distance that the solution must traverse and the greater number of barriers it must cross.

As the local anesthetic diffuses into the nerve, it becomes increasingly diluted by tissue fluids and is absorbed by capillaries and lymphatics; ester anesthet​ics undergo almost immediate enzymatic hydrolysis. Thus the core Fibers are exposed to a decreased con​centration of local anesthetic, a fact that may explain the clinical situation of inadequate pulpal anesthesia developing in the presence of subjective symptoms of adequate soft tissue anesthesia. Complete conduction block of all nerve fibers in a peripheral nerve requires that an adequate volume as well as an adequate con​centration of the local anesthetic be deposited. In no clinical situation are 1()0% of the fibers within a periph​eral nerve blocked, even in cases of clinically excellent pain control.  Fibers near the surface of the nerve (mantle fibers) tend to innervate more proximal regions (e.g., the molar area with an inferior alveolar nerve block), whereas fibers in the core bundles inner​vate the more distal points of nerve distribution (e.g., the central and lateral incisors with an inferior alveolar block).
Blocking Process
Hollowing deposition as close to the nerve as possible, the local anesthetic solution diffuses in many directions according to prevailing concentration gradients. A por​tion of the injected anesthetic diffuses toward the nerve and into the nerve. However, a significant portion of the injected drug also diffuses away from the nerve. The fol​lowing reactions then occur:

1. Some of the drug is absorbed by nonneural tissues (e.g., muscle and fat).

2. Some is diluted by interstitial fluid.

3. Some is removed by capillaries and lymphatics from the injection site.

4. Ester-type anesthetics are hydrolyzed.

The sum total of these factors is to decrease the local anesthetic concentration outside the nerve; however, the concentration of local anesthetic within the nerve continues to rise as diffusion progresses. These process​es continue until an equilibrium results between the intraneural and extraneural concentrations of anesthetic solution.
Induction Time
Induction time is defined as the period from deposition of the anesthetic solution to complete conduction block​ade. Several factors control the induction time of a given drug. Those under the operator’s control are the con​centration of the drug and the pH of the local anesthet​ic solution. Factors not under the clinician's control are the diffusion constant of the anesthetic drug and the anatomical diffusion barriers of the nerve.
Physical Properties and Clinical Actions
There arc other physicochemical factors of a local anes​thetic that influence its clinical characteristics.

The effect of the dissociation constant (pKa) on the rate of onset of anesthesia has been described. Although both molecular forms of the anesthetic are important in neural blockade, drugs with a lower pKa possess a more rapid onset of action than do those with a higher pH.
Lipid solubility of a local anesthetic appears to be related to its intrinsic potency. The approximate lipid sol​ubilities of various local anesthetics are presented in Table 1-6. Increased lipid solubility permits the anesthet​ic to penetrate the nerve membrane (which itself is 90% lipid) more easily. This is reflected biologically in an increased potency of the anesthetic. Local anesthetics with greater lipid solubility produce more effective con​duction blockade at lower concentrations (lower per​centage solutions or smaller volumes deposited) than do the less lipid-soluble solutions.

The degree of protein binding of the anesthetic mol​ecule is responsible for the duration of local anesthetic activity. After penetration of the nerve sheath, a reequi​librium occurs between the base and cationic forms of the anesthetic. Now. in the sodium channel itself, the RNH+ ions bind at the receptor site. Proteins constitute approximately 10% of the nerve membrane, and local anesthetics (e.g.,etidocaine and bupivacaine) possessing a greater degree of protein binding (Table 1-6) than oth​ers (e.g., procaine) appear to attach more securely to the protein receptor sites and to possess a longer duration of clinical activity.59
Vaisoactivity affects both the anesthetic potency and the duration of anesthesia provided by a drug. Injection of local anesthetics, such as procaine, with greater vasodilating properties increases perfusion of the local site with blood. The injected local anesthetic is therefore absorbed into the cardiovascular compartment more rapidly and carried away from the injection site and from the nerve, thus providing for a shortened duration of anesthesia as well as decreased potency of the drug. Table 1-7 summarizes the influence of various factors on local anesthetic action.

Recovery from Local Anesthetic Block

Emergence from a local anesthetic nerve block follows the same diffusion patterns as does induction: however, it does so in the reverse order.
The extraneural concentration of local anesthetic is continually depleted by diffusion, dispersion, and uptake of the drug, whereas the intraneural concentration of the local anesthetic remains relatively stable. The concentra​tion gradient is thus reversed, the intraneural concentra​tion exceeding the extraneural concentration, and the anesthetic molecules begin to diffuse out of the nerve.

Fasciculi in the mantle begin to lose the local anes​thetic much earlier than the core bundles do. Recovery from block anesthesia appears first in the proximally innervated regions (e.g., third molars before the central incisors). Core fibers gradually lose their local anesthetic concentration. Recovery is usually a slower process than induction because the local anesthetic is bound to the drug receptor site in the sodium channel and is therefore released more slowly than it is absorbed.
Reinjection of Local Anesthetic
Not infrequently a dental procedure will outlast the dura​tion of clinically effective pain control and a repeat injec​tion of local anesthetic will be required. Usually this repeat injection immediately results in a return of pro​found anesthesia; on other occasions, however, the clini​cian may encounter greater difficulty in reestablishing adequate pain control.
Recurrence of Immediate Profound Anesthesia
At the time of reinjection, the concentration of local anesthetic in the mantle fibers is below that in the more centrally located core libers. The partially recovered mantle fibers still contain some local anesthetic, although not enough to provide complete anesthesia. After deposition of a new high concentration of anes​thetic near the nerve, the mantle fibers are once again exposed to a concentration gradient directed inward toward the nerve. This combination of residual local anesthetic (in the nerve) and the newly deposited supply results in a rapid onset of profound anesthesia with a smaller volume of local anesthetic drug being adminis​tered.
Difficulty Reachieving Profound Anesthesia
In this second situation, as in the first, the dental proce​dure has outlasted the clinical effectiveness of the anes​thetic drug and the patient is experiencing pain. The doctor readministers a volume of local anesthetic but, unlike the first scenario, effective control of pain does not occur.
Tachyphylaxis In this second clinical situation a process known as tachyphylaxis occurs. Tachyphylaxis
is defined as an increasing tolerance to a drug that is administered repeatedly. It is much more likely to devel​op if nerve function is allowed to return prior to rein​jection (i.e., if the patient complains of pain). The dura​tion. intensity, and spread of anesthesia with reinjection are greatly reduced. 

Although difficult to explain, tachyphylaxis is proba​bly brought about through some or all of the following factors: edema, localized hemorrhage, clot formation, transudation, hypernatremia, and decreased pH of tis​sues. The first four factors isolate the nerve from contact with the local anesthetic solution. The fifth hyperna​tremia, raises the sodium ion gradient, thus counteracting the decrease in sodium ion conduction brought about by the local anesthetic. The last factor, a decrease in pH of the tissues, is brought about by the first injection of the acidic local anesthetic. The ambient pH in the area of injection may be somewhat lower, so that fewer local anesthetic molecules arc transformed into the free base (RN) on reinjection.
Duration of Anesthesia
As the local anesthetic is removed from the nerve, the function of the nerve returns, rapidly at first but then gradually slowing. Compared with the onset of the nerve block, which is rapid, recovery from nerve block is much slower because the local anesthetic is bound to the nerve membrane. Longer-acting local anesthetics, such as bupivacaine and tetracaine, are more firmly bound to the nerve membrane (increased protein binding) than are shorter-acting drugs, such as procaine and lidocaine, and arc therefore released from the receptor sites in the sodium channels more slowly. The rate at which an anesthetic is removed from a nerve has an effect on the dura​tion of neural blockade; in addition to increased protein binding other factors that influence the rate of a drug's removal from the injection site are the vascularity of the injection site and the presence or absence of vasoactive substance. Anesthetic duration is increased in areas of decreased vascularity; and the addition of a vaso​pressor decreases tissue perfusion to a local area, thus increasing the duration of the block.
Answer the questions:
1. Name the two major groups of anesthetics.

2. What factors does the duration of anesthesia depend on?

3. Compare the side effects of anesthetics of amide group.

4. What anesthetic could be applied for the topical anesthesia?

5.  What are the contraindications for the application of anesthetic containing vasoconstrictors?
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