Pharmacology—Anesthetics
Anesthetic Risk
1) Airway management – most morbidity and mortality
2) Neurological deficits

3) Pre-existing CAD

4) Anesthetic administration in atypical locations – offices, radiology procedures

5) Inadequate times for pre-op evaluation
Evaluation for Risk

History

1) Prior anesthesia history

2) Allergies

3) Concurrent disease states

PE

1) Focus on CVS, lungs, upper airway, and peripheral venous sites

2) Examine for factors that could make intubation difficult

Medication History – Evaluate for DDI

1) Cocaine intoxication – increase anesthetic requirements

2) Anti-hypertensives – decrease anesthetic requirement

3) Ethanol – increases or decreases anesthetic requirements

Lab Tests

1) Tests needed depends on history and PE

TYPES OF ANESTHESIA

Local Anesthesia


Local anesthesia works primarily at site of administration.  Can be topical or parenteral

Esters – more allergenic
1) Cocaine

2) Benzocaine

3) Chlorprocaine 

4) Procaine

5) Tetracaine

Amides
1) Lidocaine

2) Bupivicaine

3) Levobupivicaine

4) Ropivicaine

5) Etidocaine

6) Mepivicaine

7) Prilocaine

Routes

1) Topical – on mucus membranes of nose, mouth, tracheobronchial tree, and urethra.  Goal is to induce vasoconstriction, i.e. cocaine solution for nasal surgeries.  Prevents nose-bleeding and induces tissue shrinkage

2) Infiltration – injection of local anesthetic under the skin.  Use low dose and low concentration

3) Regional block – injection near a nerve or nerve plexus proximal to surgical site.  Can include spinal or epidural.

4) Spinal, a.k.a. subarachnoid block – drug introduced directly into the spinal fluid.  Provides extensive and profound anesthesia with little drug.  Has quick onset and long duration (1-4 hours).  Can be used for surgeries as high as upper abdominal surgery

5) Lumber epidural anesthesia – drug deposited outside the dura.  Affects the same area of the body as spinal anesthesia but requires more drug.  Safer.  Especially useful in obstetrics.

6) Caudal anesthesia – drug introduced through sacral hiatus above the coccyx.  Useful for perineal and rectal procedures.  Can be used for obstetrics but requires more drug

7) IV extremity block – dilute local anesthetic in IV catheter of limb being operated on.  Commonly used for procedures on upper extremity.

Use of Vasoconstrictors with Local Anesthetics


The use of vasoconstrictors with local anesthetics is to delay absorption of the anesthetic from the injection site.  Also reduces systemic toxicity and increases DOA.  Epinephrine is the standard vasoconstrictor used.  Has alpha and beta-adrenergic effects.  Levonordefrin (Neo-Cobefrin) has alpha-1 adrenergic activity and is used in dentistry.  Phenylephrine (NeoSynephrine) is a pure alpha-agonist.  Used for subarachnoid block and with procaine for dentistry

Properties of Local Anesthetic


An ideal local anesthetic would have the following:

1) Low systemic toxicity at an effective concentration

2) Quick onset of action

3) During of action sufficient to complete procedure

4) Solubility in water

5) Reversibility

MOA

Block sodium influx at nerve

↓

Decreases rate of rise of action potential

↓

Slow propagation of impulses

↓

Blocks impulse conduction

Kinetics

1) Absorption – affected by dose, vascularity at site of injection and properties of individual drug used

2) Distribution – after absorbed, the brain, kidney, and lung will be exposed the most to the anesthetic because they are more highly perfused.  Placental transfer does occur but may only result in subtle behavioral neuro changes

3) Metabolism – depends on if ester or amide.  Esters get broken down to PABA, which is very allergenic.

ADRs

1) CNS stimulation – restlessness, disorientation, agitation, tremors, seizures, paresthesias, and headache

2) More severe – CNS depression and death from respiratory failure secondary to medullar depression

3) CVS – vasodilation, AV block, severe hypotension, and cardiac arrest

4) Allergic reactions – red, itchy dermatitis; occurs with esters, NOT amides

ESTERS

Cocaine is used only for topical procedures because of toxicity.  Used most for nasal surgery but also eye and pharynx.  EPI will cause increased CVS effects; not used often.


Benzocaine (Solarcaine, Auralgan) is a PABA derivative.  Available topical only.


Procaine (Novacaine) is used with infiltration, nerve block, and spinal.  Combined with Phenylephrine in dental cartridges.


Chlorprocaine (Nesacaine) is similar to procaine but with greater potency and less toxicity.  Rapidly metabolized.  Good for obstetrics due to no residual effects on newborn.


Tetracaine (Ponotcaine) is used in spinal and topical anesthesia (eye prep available).  More potent and toxic than cocaine or procaine.

AMIDES


Lidocaine (Xylocaine) is the most commonly used local anesthetic.  Well tolerated.  Used topically, infiltration, regional nerve block, and spinal.  Also an anti-arrhythmic.


Bupivicaine (Marcaine, Sensorcaine) is long-acting.  Good for nerve blocks and post-op analgesia.  Used in obstetrics for epidural; good analgesia at low concentration.  Rarely affects newborn.  Also used for spinal anesthesia.

Others


EMLA cream is a topical anesthetic applied to intact skin.  Mixture of lidocaine and Prilocaine.  Effective to reduce pain on venipuncture and for skin graft donors whereas other topical preps are effective only ON the mucosal surfaces.  Commonly used in circumcision.  Can also be used for tattoos.  

General Anesthesia

Ideal Properites of General Anesthetics
1) Rapid LOC which eliminates awareness, memory of pain, anxiety, and stress throughout surgery

2) Level of analgesia sufficient to block the reflex reactions to pain

3) Minimal and reversible influence of vital physiological functions

4) Relaxation of skeletal muscle to facilitate ET intubation

5) Lack of OR safety hazards – flammability and explosiveness

6) Prompt patient recovery

7) Balanced anesthesia – multi-drug approach to manage individuals anesthetic needs.  Take of advantage of each drug’s benefits and minimize ADRs

Stages of General Anesthesia

1) Stage I (Analgesia) – initially analgesia without amnesia.  Later in stage I, both analgesia and amnesia

2) Stage II (Excitement) – patient appears delirious and excited, but definitely amnesic.  Irregular respiration can lead to retching and vomiting.  Patient may struggle or be incontinent.  Want to limit duration and severity of this stage.
3) Stage III (Surgical Anesthesia) – begins with regular respiration and extends to complete cessation of spontaneous respiration.  Plane 1 is blink and swallowing reflexes present, regular respiration.  Plane 2 is lose of blink reflex, pupils fixed, regular respiration.  Best plane for anesthesia.  Plane 3 is the patient loses ability to use chest muscles and abdominal muscle.  Assisted ventilation used.  Plane 4 is complete loss of chest muscles and abdominal muscles.  Using diaphragm.  Patient could stop breathing entirely.  Avoid this plane.
4) Stage IV (Medullary Depression) – spontaneous respiration ceases.  Severe depression of vasomotor center in medulla and respiratory center.  Without full circulatory and respiratory support, patient will die

MOA – Two Theories
Unitary Theory



Unitary theory states that all anesthetics have physical interactions with lipophilic membranes and cause neuronal failure.  
1) Anesthetics physically dissolves cell membrane lipid biosphere.  
2) Anesthetics produce membrane conformational changes.  
3) Anesthetics cause membrane structures to become disorganized.

Different Anesthetics have distinct interactions with tissues 
1) Interaction with different components of GABA receptor – chloride ionophore (inhalational, barbiturates, BDZ, and Propofol)

2) Enhance other processes known to inhibit neuronal function such as glycine receptor-gated chloride channel
3) Antagonize excitatory NT via NMDA receptor – ketamine, N2O
4) Activation of K+ channels, hyperpolarization, reduce neuronal exicitability
Kinetics

1) Used to induce anesthesia, provide supplemental anesthesia, or permit anesthesia for short operative procedures

2) Produce anesthesia rapidly
3) Rapidly distributed to CNS – lipid soluble
4) Metabolized slowly – slow recovery post-op
Ultra-Short Acting Barbiturates

1) Uses – induction, supplemental drugs for short duration when surgery requires increase depth of anesthesia or as maintenance hypnotics for short procedures

2) Rapid entry into CNS, slow rate of metabolism – may cause persistent hypnosis or mental cloudiness
ADRs

1) CVS depression – reflex tachycardia

2) Respiratory depression
3) Arterial thrombus, vasospasm and ischemia if intra-arterial injection occurs
Individual Drugs

1) Thiopental (Pentothal) – most popular for induction

2) Thiamylal (Surital) 
3) Methohexital (Brevital)
BDZ


BDZ is used for induction and supplemental drugs (especially in cardiac surgery because of amnesia effect).  Used PO as pre-medications.  Used IV for induction and conscious sedation.  When given by slow IV, there is less effect on CVS and respiratory system.  Often combined with analgesic anesthetics and skeletal muscle relaxants because it produces unconsciousness without analgesia and skeletal muscle relaxation inadequate for intubate.


Midazolam (Versed) is water soluble, has the shortest DOA, and is most popular for induction.  Diazepam (Valium) and Lorazepam (Ativan) in IV form are in propylene glycol, affects stability and is irritating to administer.


ADRs for all are CNS depression and hangover effect

Etomidate (Amidate)


Etomidate (Amidate) is similar to barbiturates but with greater margin of safety because limited effects on CVS and respiratory systems.  Used for induction or as supplement anesthetic to maintain anesthesia in critically ill patients.


ADRs include pain on injection and myoclonic muscle movements

Propofol (Diprivan)


Propofol (Diprivan) is used for induction (especially in outpatient surgery), supplement to inhalational anesthesia for longer procedures, continuous infusion for conscious sedation, and with opiods for maintenance of anesthesia for cardiac surgery.  Rapid acting, short recovery time, and has anti-emetic properties.  Substantial cardiorespiratory depression.  Lacks analgesia but can be used as an adjunct to opiods because you can use less opiod.

ADRs include hypotension.  Caution in CVD

Ketamine


Ketamine is pharmacologically different than other IV anesthetics.  Produces trancelike unconsciousness (eyes remain open until patient is in deep anesthesia).  Also causes dissociate anesthesia, where the patient appears awake and reactive to stimuli but doesn’t respond to sensory stimuli.  Causes CVS stimulation (increased HR and BP) rather than CVS depression, making this unique.  Similar to PCP because it is hallucinogenic.  Can be given IM.  Useful in kids because anesthesia is induced relatively quick.


ADRs include excitation and hallucinations post-op, vomiting, salivation, lacrimation, shivering, skin rash.  DDI with thyroid preps that may lead to tachycardia and HTN.  Post-op can cause screaming, crying, hallucinations, or vivid dreams
Opiods


Opiods control pain during pre-op and post-op.  Used to supplement other anesthetics for adequate pain control.  Less risk of cardiac depression and hypotension than some other agents


ADRs include respiratory depression, muscle rigidity, inadequate anesthetic depth (sweating, pupil dilation, wrinkling of forehead and opening of eyes).  May supplement with inhalational anesthetics, BDZ, or Propofol.  
High Dose Opiod Anesthesia


For high dose opiod anesthesia, the more potent phenylpiperidine class is good for induction or as primary drug for maintenance of anesthesia.  High dose produces unconsciousness and controls painwithout CVS depression or hypotension.  Need 10x dose used for outpatient pain control.  Agents include sulfentanil (Sufenta), Alfentanil (Alfenta), Fentanyl (Sublimaze), and Remifentanyl (Ultiva) (shortest acting).

Alpha-2 Adrenergic Agonists


Alpha-2 adrenergic agonists produce sedation and analgesia.  Sedation is due to activity in locus ceruleus.  Analgesia is due to activity in spinal cord and locus ceruleus.  Includes oral Clonidine (Catapres), IV dexmedetomidine (Precedex), and IV Clonidine (Duralcon) for epidural analgesia.  Can not be used alone for surgical anesthesia because of inadequate anesthetic depth and because of bradycardia and hypotension.  Used in combo with opiods and other anesthetics thereby reducing dose requirements of each

Inhalational Anesthetics

In contrast with IV anesthetics, inhalational anesthetics have a slower onset but quicker recovery post-op than IV due to elimination from lungs.  Are used for long-term maintenance of anesthetic state (longer surgeries).  Easier to adjust anesthetic state by controlling rate/concentration of delivery from anesthetic machine.  Factors that interfere with gas distribution will affect doses.  Dependent on partial pressure expressed as alveolar tension

These agents are dependent on partial pressure gradients rather than concentration gradients.  Doses are expressed in terms of alveolar tension required at equilibrium to produce a defined depth of anesthesia.  The tension required is define as minimum alveolar concentration (MAC).


Divided into two classes based on physical properties: gases at room temperature such as nitrous oxide (N2O).
Nitrous Oxide 

Nitrous oxide (N2O) is a.k.a. laughing gas.  Has fast induction and recovery with good analgesia.  Produces anesthesia without decreased BP or decreased CO.  May cause sympathetic mediated cardiac stimulation.  Doesn’t cause respiratory depression if used alone but risk increases when combined with other anesthetics like opiods and BDZ.  Can not achieve deep levels of anesthesia.  Commonly used in combo with potent volatile anesthetics like halothane (decreases their dose requirements so lowers their CVS and respiratory toxicities).  CNS excitation include struggling, vomiting, and aspiration pneumonia.
Halogenated Hydrocarbons

Halogenated hydrocarbons are volatile liquids at room temperature and are potent anesthetics.  Do not possess all the properties of desirable anesthetic so combined with others and adjunct drugs to increase safety and efficacy.  Example of balanced anesthesia is:

1) Induction with bolus IV anesthetic

2) Supplemental anesthetic (opiod or N2O) -  may have varying degrees of analgesia with inhaled
3) Neuromuscular blocker (induce paralysis)

4) Reduced concentration of halogenated hydrocarbon


Disadvantages of these drugs are:

1) Induction and recover slower than N2O

2) Sensitize myocardium to EPI – may increase risk of arrhythmias

3) Cause decreased BP by decreased CO or decreased PVR

4) Cause respiratory depression

5) Increased ICP


Examples of these include:

1) Halothane (Fluothane) – causes hepatitis

2) Methoxyflurane (Enthrone) – most potent.  BP may be better maintained.  Caution in renal disease

3) Enflurane (Ethrane) – seizure-like EEG changes.  Caution in renal disease

4) Isoflurane (Forane) – more popular.  Preserves CVS stability.

5) Desflurane (Suprane) – new agent.  Has fewer ADRs overall.  Good for outpatient.  Rapid onset and recovery.  Irritating to respiratory tract, so not preferred for induction

6) Sevoflurane (Ultane) – newest agent.  Has fewer ADRs.  Rapid induction and recovery.  NOT pungent so good for inhalation induction and in kids

Neuromuscular Block Agents


Depolarizing blockers, such as succinylcholine (Anectine) produces neuromuscular block by over stimulation, so the end-plate is unable to respond to further stimulation.  No antidote.  Rapid, ultra short acting.  Good for short-term procedures.  ADRs include muscle fasciculation resulting in myoglobulinuria and post-op muscle pain, increased IOP, hyperkalemia resulting in arrhythmias, and malignant hyperthermia

Non-depolarizing neuromuscular blockers are a.k.a. curariforms.  They are reversible competitive antagonists of ACH in skeletal muscle.  Prevent excitation of end plate ACH receptor.  Can be reverse by acetylcholinesterase inhibitors like neostigmine and physostigmine.  Used to relax skeletal muscle for surgical procedures.  Prevent dislocations and fractures associated with ECT and to control muscles spasms in tetanus.  ADRs include stimulation of histamine release which can cause hypotension, tachycardia, secretions, and bronchospasm.  Actions are potentiated by inhalational anesthetics.  Agents include tubocurarine, atracurium, mivacurium, pancuronium, vecuronium, and rocuronium.

Other Adjunct Meds used
Control Secretions

1) Atropine – not routinely used
2) Hydroxyzine (Atarax)

3) H2 blockers
4) Prochlorperazine (Compazine)

5) Promethazine (Phenergan)

Pre and Post-Op Analgesia

1) Meperidine

2) Morphine

3) High potency opiods
4) Ketorolac

5) PCAs
N/V

1) Metoclopramide

2) PTZ
3) 5-HT3 receptor antagonists – Ondansetron, dolasetron.  
Summary of Management of Surgical Patient

Selection of Pre-Op drugs

1) Relieve anxiety, provide sedation

2) Induce amnesia

3) Decrease secretion of saliva and gastric juices

4) Increase gastric pH – H2 blockers
5) Prevent allergic reactions to anesthetic drugs

6) Give 30 minutes-2 hours prior to anesthesia

Selection of Anesthesia

1) Site of surgery

2) Positioning of patient

3) Concurrent disease

4) Elective vs. emergency surgery

5) Age

6) Patient preference

7) Need for pain management post-operatively

Maintaining General Anesthesia

1) Analgesia – narcotics combined with other agents

2) Unconsciousness – depth of anesthesia must be monitored

3) Skeletal muscle relaxation – proper dosing is crucial

4) Control of SNS response
