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 Local Anesthesia.
In general, local anesthetics are classified into two categories or two groups: 
- Amide Anesthetics.
- Ester Anesthetics.
Those are the main two groups of anesthetics used in dental clinics; however, there is another type of local anesthetics: ‘ketone-linkage’ local anesthetics; which has little clinical importance, and is only used as topical agents, and has no clinical significance in our practice.


Chemically, local anesthetics are composed of: 
1) a lipophilic part (basic compound) ( that means it can dissolute in lipid tissues not in water.
And 
2) a hydrophilic part ( the part that makes the whole compound soluble in water.

Those two parts are linked together through an intermediate chain, this intermediate chain determines the class of the local anesthetic; wither it’s an amide or an ester.
So once again, the factor that would determine the class to which the local anesthetic belongs is the intermediate chain between the lipo and the hydrophilic parts, and so it consequently determines many things related to the local anesthetic; like it’s biotransformation or it’s metabolism, for example: ester local anesthetics are metabolized in the blood plasma, and the amide local anesthetics are metabolized in the liver.

As we mentioned earlier, the basic compound of the local anesthetic, which is the lipophilic part is only dissolved in the lipid tissues, so, if I injected it locally in the mucosa it only goes to the lipid tissue and dissolute there, other than that it will never dissolute in water. Which means it is not suitable for injection, it’s only suitable for topical use; for the mucosa or the skin; you apply it and it will dissolute in the lipid tissues, but so as to be suitable for injection, it must be soluble in water. For that reason we should think of a material that can be added to the basic compound, and therefore make it soluble in water, and as a consequence suitable for injection not for topical use only, and that would be the hydrophilic part.


However, the basic compound is still a basic compound with a high PH, but now it is suitable for injection because we added the hydrophilic part, but it’s still poorly soluble in water, and unstable upon exposure to air. So again, we have to think of another material to add in order to improve those properties (poor water solubility, and instability upon air exposure), and the best material to be added to a basic compound is an acidic compound. And the result would be a salt.
 *so we acidified the solution and ended up with a salt instead.

And to be specific the result is a ‘Hydrochloride salt’ dissolved in sterile water.
And the reason behind dissolving the resultant salt in sterile water is that the salt alone is highly concentrated and highly irritating.

This is known as: Plain Anesthetic (Hydrochloride salt + sterile water); an anesthetic without epinephrine; an anesthetic without a vasoconstrictor. It’s:
1) Quite soluble in water. 
2) Relatively stable after we added the acid.
3) And the PH is close to the tissue PH (5.5- 7) where the normal tissue PH is 7.4
4) Rapid onset of action          and why is that? It’s because they induce                                       
                                                                         vasodilatation, the blood will take it instantly, so it has a short onset of               
 5) Short duration                     action, and a short duration. 
  

Note: All PLAIN local anesthetics are vasodilators, and therefore are used in the treatment of arrhythmia; for example they give plain lidocaine to patients with tachycardia.

Now, assume that you gave your patient a local anesthetic, what do you think will happen? You have to understand the clinical effect of the local anesthetic. As we mentioned earlier, all plain local anesthetics are vasodilators, except for cocaine which is a vasoconstrictor. And because they are vasodilators they increase the rate of absorption from the blood vessels, once you inject it, the blood vessels in that area will undergo vasodilatation, and the drug will be pulled directly into the blood stream, increasing its level in the blood, which means increasing the risk of toxicity, so its systematic effect appears instantly.

Local anesthetic( vasodilatation (      Rate of absorption (      Risk of toxicity  
                                                                                                                                                                                                                                                         
** So the plain local anesthesia provides profound anesthesia, but short duration, and we explained earlier why “short duration “; because it will be pulled directly into the blood, due to the vasodilatation. And therefore it’s the anesthesia of choice for short procedures (5-10 minutes).

It’s comfortable; the patient won’t feel pain when injected, why? Because it’s PH (5.5-7) is close to the PH of the tissues (7.4), and therefore it needs a little time to convert to the tissue PH (5.5-7) ( 7.4, but if its PH was very low, there would be a burning sensation at the site of injection, because it will take more time to reach the tissue’s PH.

As you can see from the properties explained above, some are not so very good properties such as “short duration of action” so we have to think of a material that can be added to the plain local anesthetic to improve this property.




And this material is the vasoconstrictor; epinephrine, nor epinephrine. Next lecture we will talk about the types of vasoconstrictors added to the plain local anesthetics.


Net result after adding the vasoconstrictor: 
- Vasoconstriction of the local blood vessels due to the activation of the alpha       receptors.
- Decreasing the resultant toxicity.     
- Increasing the depth of the anesthesia.
- Decreasing the rate of absorption
- Slower onset of action. Here the Dr. recommended that if your clinic was a full house and you had a lot of patients, you should give them local anesthetic WITHOUT a vasoconstrictor, but if you only had a few patients all day long, then you can give your patients a local anesthetic WITH a vasoconstrictor, but still you should wait 5 minutes until the anesthetic kicks in, and then you can perform the procedure.
And the Dr. noted that it’s considered a malpractice to give your patient a local anesthetic with a vasoconstrictor and then send him to the waiting room until the anesthetic kicks in and finish up with another patient meanwhile; because you should never leave your patient unattended especially if he was under anesthesia. 
- Longer duration due to the vasoconstriction and as a result the drug will stay for a longer period in the tissues. 
- Less comfortable because of the lower PH. So the patient would experience a burning sensation at the site of injection (but of course it’s better to feel a little pain rather than to develop toxicity later on).

But keep in mind, the vasoconstrictor alone is not suitable for injection! It’s inappropriate to inject it alone because it is highly unstable, and is liable to oxidation, so again we have to add a material (a preservative) along with the vasoconstrictor that would preserve it and prevent its oxidation; we add sodium bisulfate (0.05%).

Note: Epinephrine is not always a vasoconstrictor; it doesn’t always induce vasoconstriction, but when injected locally in the skin or the mucous membranes it activates the alpha receptors found in peripheral blood vessels, and eventually leading to vasoconstriction.

The thing about sodium bisulfite is that it can cause an allergic reaction especially in asthmatic patients. So you should be careful when dealing with asthmatic patients, because it’s contraindicated in this case, although epinephrine alone is the drug of choice for asthmatic attacks.
Q: Does anyone know the route of administration of epinephrine in asthmatic patients? And what’s the most appropriate site for injection?? And why is that???
Answer: It’s given IM, SC, and IV. And the most appropriate site for administration is the thigh; due to its high mass.
To sum up: epinephrine alone is the drug of choice as a prophylaxis for the asthmatic attacks, but when used in local anesthesia + epinephrine it becomes contraindicated, why? Because of the preservative that could induce an allergic reaction. 
And a plain anesthetic is also okay because it lacks the preservative (which is the problem) anyway.
-------------------------------------------------------------------------------------------------------------
Haven’t you ever heard a dentist telling one of his patients that the anesthesia failed because the area is inflamed? Let’s understand the correlation, although this might be an excuse for the doctor to cover up his bad technique.

So now let’s study the relation between the PH of the tissues, the PH of the local anesthetic, and the effectiveness of the local anesthetic.

Consider that the tissue was inflamed, the PH would be lower than normal (3-4instead of 7.4); since inflammation causes acidification of the fluid of the tissues.



Let’s go back to what we talked about at the beginning of the lecture, the local anesthetic is composed of two main parts:
1) The uncharged lipophilic basic part (RN)
2) And the charged hydrophilic part (RNH+)

The uncharged lipophilic basic molecules are capable of diffusing through the nerve’s membrane; since the membrane is composed of lipid tissue and proteins, it dissolves in the lipid tissue of the membrane because it is ‘lipophilic’ and enters the nerve, on the other hand, the charged hydrophilic molecules cannot enter the membrane, and instead binds to specific receptors in the inner membrane. Normally (at normal tissue PH), there’s an equilibrium between the hydrophilic charged and the lipophilic uncharged molecules as follows:
 
                                                         RNH+               (RN) + (H+) 

The H+ effects the PH of the tissues, so if there is an increase in H+, there will be a decrease in the PH, and the reaction will be shifted to the left and thus increasing the number of the charged hydrophilic (RNH+) molecules.
While if there was a decrease in H+, there will be an increase in the PH, and the reaction will be shifted to the right and thus increasing the number of the uncharged lipophilic (RN) molecules.

So the proportion between the RN and the RNH+ (RN/RNH+) is dependent on the tissue PH and on another important factor which is the pka (dissolution constant) but it mainly depends on the tissue PH; meaning that the number of both RN molecules and RNH+ molecules depends mainly on the PH of the tissue, and on the pka of the local anesthetic.

Now the Dr. introduced a table, and noted that every single local anesthetic has a specific pka of its own; Etidocaine for example, has a pka of 7.9.
If the tissue’s PH was normal (not inflamed), it will give you 25% of RN, and how did we exactly determine this percentage? 
Through the following equation: Henderson–Hasselbalch equation PH=pka+log(RN/RNH+)
we previously said that the ratio between the RN and RNH+ is dependent on the PH of the tissues and the pka of the anesthetic.
PH=pka+log (RN/RNH+)
7.4=7.9+log(RN/RNH+)
log(RN/RNH+)= -0.5
(RN/RNH+)=1O^-0.5
RN=0.25=25% ( 25% of the molecules are lipophilic and can diffuse through the nerve membrane.
-------------------------------------------------------------------------------------------------------------Example one :
1000 molecules of a local anesthetic with a pka of 7.9 were injected into a nerve membrane at a normal tissue PH ( 7.4)     : As we said : 25% of the molecules are lipophilic and will enter through the nerve sheath, and 75% of the molecules are hydrophilic (RNH+)    and will stay out since the cannot cross the nerve membrane:

                                            1000 molecules: 75% = 750 (RNH+) hydrophilic molecules stay out
                                            25% = 250 RN Lipophilic molecules diffuse through the membrane to the inside                                                                                                             

                                               Nerve Sheath 



                                                                                     Intracellular            
                                                                                                                        
                                                                              250 RN molecules will again give
                                                                              25% RN = 70 molecules
                                                                              and 75% RNH+ = 180 molecules
                                      (NOW THOSE MOLECULES CAN BIND TO THE INTRACELLULAR RECEPTORS)
                                      from 1000 molecules, and 250 RN molecules only 180 molecules were converted into 
                                     RNH+ to bind to the intracellular receptors and now the patient can’t feel the pain anymore.
 
-------------------------------------------------------------------------------------------------------------

Example two:      
 Assume that the PH of the tissue was 6 due to inflammation, what would happen?
Again, according to the equation: PH=pka+log(RN/RNH+)
6=7.9+log(RN/RNH+)     
log(RN/RNH+)=-1.9
(RN/RNH+)=10^(-1.9)
(RN/RNH+)=0.01=1% ( so just 1% of the molecules are available in the form of RN and will enter through the nerve’s sheath.
                                              
                                                1000 molecules: 99% = 990 RNH+ hydrophilic molecules which will stay out
                                                          1% = 10 RN lipophilic molecules which will diffuse to the inside 

                                                                                       Nerve Sheathe
                                                 
                                                
                                                                                       Intracellular
                                                                           10 RN molecules will again give
                                                                           25% RN =2.5 molecules
                                                                   and 75% RNH+ = 7.5 molecules
                                         (NOW THOSE MOLECULES CAN BIND TO THE INTRACELLULAR RECEPTORS)

**** Q : Why did we multiply by 25% instead of 1% to calculate the percentage of RN intracellularly ? Because the interior of the nerve is NOT inflamed. So the percentage of RN molecules will be like in the previous example, where PH is normal!

Here in this example ONLY 7.5 molecules entered, unlike in the previous example where 180 molecules did, and that’s why we say the local anesthetic works poorly in the case of inflammation; meaning that if you injected the inflamed tissue with 10 times the amount of anesthetic you injected in the normal tissue, it won’t induce half the effect it induces when the tissue is normal.
Note: The numbers are inaccurate and incorrect if you tried them on the calculator. I asked the Dr. and he said the numbers are not important; you just need to understand the idea.
Now we want to talk about the pharmacokinetics of local anesthesia, which includes: 
- Uptake.
- Distribution.
- Metabolism.
- Excretion.
- Systematic effect.

Uptake: When it’s injected into the tissues the first and most important thing is that it will induce vasodilatation, and as you must know by now, all plain local anesthetics except for cocaine induce vasodilatation.
And you should also know that: Prilocaine and mepivacaine(amide local anesthetics) induce the least vasodilatation and therefore the least toxicity risk, but on the other hand procaine(ester local anesthetic) is the most potent vasodilator and thus the highest toxicity risk.
** SO… local anesthetics differ in their vasodilatation efficiency. 
      
      

                                                 Site of injection 
                                                 once it is pulled into the 
                                                                                      blood there is an increased 
                                                                                      risk of toxicity.                                                             

                                                                              Blood


                            

Regarding distribution; the fat tissue and the muscles receive only a small amount of the local anesthetic, in comparison to the brain, lung, liver, and myocardium, because the latter tissues are highly perfused. Meaning that if you took a small sample from the muscle tissue you will only find a minimal amount of the local anesthetic, but if you considered the WHOLE muscle tissue in the body the level of the anesthetic will be very high because they form a large mass of the body.
And then metabolism and excretion from the liver and the kidney follows.

Note : Metabolism(biotransformation) is extremely important in determining the overall toxicity, because it effects the rate of absorption; which is the rate of removal from the body.
-------------------------------------------------------------------------------------------------------------
By the way there’s something known as absolute contraindication, and something known as relative contraindication:

                                                                                                                 






Example:
Aspirin is normally contraindicated in the case of pregnancy, but if there is a risk of thrombosis, then the benefits outweigh the risks ( now it can be prescribed but in a low doses : ‘The smallest clinically effective dose’; we give a baby aspirin.
-------------------------------------------------------------------------------------------------------------
Now let’s return back to the metabolism of the amide and ester local anesthetics:
* Metabolism of ester local anesthetics:
Have you ever heard about someone who died due to an allergy against the general anesthetic (muscle relaxant) while he was in the ER ?

They use muscle relaxants to facilitate the incubation; and there are two main types of muscle relaxants: Polarizing and non-polarizing.


In hospitals they mainly give: ‘succinyl choline’ muscle relaxant, it induces dyspnea due to the relaxation of the respiratory muscles, so the patient stops breathing and then you can insert the tube, it’s duration of action (relaxation) is about 2-3 minutes. Similar to it is the procaine, once they are injected they go to the plasma and are metabolized by pseudo choline esterase, so those patients who die after giving them muscle relaxants have an ‘atypical’ type of pseudo choline esterase, so there is nothing to metabolize the muscle relaxant or the procaine in order to remove it from the blood, and thus there will be a prolonged action of the succinyl choline, prolonged dyspnea, brain hypoxia, and eventually death.

BUT, if the enzyme was normal the procaine will be metabolized into: 
- Diethyl amino alcohol.
- And para amino benzoic acid (PABA) which is the major metabolic product ( and the reason behind the allergic reaction, and why ester local anesthetics are no longer used. 

* Metabolism of amide local anesthetics:
Amides are metabolized in the liver and excreted from the kidneys.
And are only contraindicated in severe liver diseases (since it is metabolized in the liver) and wither or not to prescribe it depends on the degree of the liver disease, meaning that in the case of liver failure ( Absolute contraindication.
Relative contraindication ( when there’s a chronic liver disease, there is still some liver tissue functioning, and in this case you can prescribe it in low doses.

But the question is: What can I give the patient as an alternative in case I cannot give him a local anesthetic? You can look for other methods of pain control,3reftoo shloon ?!
-------------------------------------------------------------------------------------------------------------
Reference book: Stanely F. Malamed hand book of local anesthesia 5th edition.
Done By: Dara Basyouni.
Dedicated to: Yasmin Alsayeh  ;) <3








Distribution: �to the fat tissue, muscles, brain, �liver, lung and myocardium.�





Elimination: �Either through the liver or the kidneys.





Absolute Contraindication:�Means that the drug should not be given at all; It shouldn’t be prescribed under any circumstances. Due to the lethal effect that this drug might induce.�





Relative contraindication:�Means that you can prescribe the drug when the benefits outweigh the risks; so you should be aware of the risks and benefits, because there’s an increased risk of adverse effects.
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