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General Anesthetics

Definition:

They are drugs used to induce:

· loss of pain sensation & consciousness

· skeletal muscle relaxation

· analgesic amnesia 

· inhibition of undesirable reflexes.

Features of ideal general anesthetics:

1. Rapid & smooth induction & recovery.

2. Wide safety margin.

3. Minimal side effects.

4. Pre-anesthetic medication.

(Balanced Anesthesia: use of more than one agent to obtain ideal anesthesia.

(Adjuncts to general anesthesia:

1. Muscle relaxant:

· Facilitate intubation

· Suppress muscle tone

e.g. Atracurium, Vecuronium, Succinylcholine

2. Pre-anesthetic medication:

· Anti-cholinergics: prevent secretion of fluid into respiratory tract (hyocin is preferred coz in addition to anti-cholinergic action has amnesic and anti-emetic action)

· Benzodiazepines: relieve anxity

· Anti-emetics: for post-surgical nausea & vomiting

· Anti-histaminic: for allergic reaction

· Opiates: induce analgesia

· H2-blockres: reduce gastric acidity

Classification:

1. Inhalation Anesthetics:

Gases: nitrous oxide (N2O)

Volatile liquids: Ether, Halogenated compounds

2. IV Anesthetics:

Benzodiazepines, thiopental

Mechanism of action:

1. Enhance the action of GABA & glycine receptors,( so decrease neuronal excitability

2. Interaction with membrane ion channels
3. Inhibit the activation of excitatory neurotransmitters e.g. ketamine

(Induction, maintenance & recovery:

· Induction: time elapsed between onset of administration of anesthetic & development of effective surgical anesthesia (on the brain).

· Maintenance: time during which the patient is surgically anesthetized.

· Recovery: the time from discontinuation of anesthetic drug until consciousness is regained.
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Figure 11.3
Stages of anesthesia.
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(Depth of Anesthesia:

Stage 1:

· Analgesia

· Loss of pain sensation

· The patient is conscious & conversational
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Stage 2:

· Excitement

· Increased, irregular blood pressure

· Increased respiratory rate

· Patient may experience delirium & violent behavior

· Eye dilated & reactive
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Minimal alveolar concentrations
(MAC) for anesthetic gases.





Stage 3:

· Surgical anesthesia

· Regular respiration & relaxation of skeletal muscles

· Eye reflexes decrease until the pupil is fixed
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Characteristics of some inhalation anesthetics.




Stage 4:

· Medullary paralysis

· Severe depression of vasomotor & respiratory centers

· Death may occure
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Blood/gas partition coefficients
for some inhalation anesthetics.




(The rapid the induction the better is the drug, so it will reach stage 3 rapidly
[image: image8.jpg]100
Blood

Brain Muscle

Thiopental concentration
(percentage of initial dose)
o
o

1 10 100 1000

Minutes

Figure 11.9

Redistribution of thiopental from
brain to muscle and adipose tissue.




(Inhalation anesthetics:
· Methoxyflurane
· Halothane

· Enflurane

· Isoflurane

· Desflurane

· Sevoflurane

· Nitrous oxide

Pharmacokinetics:

· Rate of induction.
· ↑Depth of anes
· thesia & recovery. 

Factors controlling induction & recovery:

1- the anesthetic concentration in the inspired air (direct). 


(↑ conc. of drug →↑induction.)

2- rate & depth of ventilation (direct). (esp. in slow induction & recovery (eg: halothane, Hyperventilation →↑induction & vice versa).
3-blood solubility: blood :gas partition coefficient (inverse relation)
(gas distribution factor from blood to brain esp. in :

Nitrous oxide which have low blood solubility so, it goes directly to brain 

(يتلكع في الطريق عَ بال مايروح للـbrain  Halothane which have high blood solubility so, 

4- pulmonary blood flow (inverse).
(↑cop →↑pulmonary blood flow →↑amount of drug needed to reach the saturation with organs till it reach the brain esp. in slow induction & high blood solubility drugs.)
	induction&recovery
	solubility
(blood gas partition coefficient)

	Drug
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slow
	12
	Methoxyflurane

	slow
	2.3
	Halothane

	medium
	1.8
	Enflurane

	medium
	1.4
	Isoflurane

	rapid
	0.69
	Desflurane

	poor & rapid
	0.42
	Sevoflurane

	rapid
	0.47
	Nitrous oxide


(drugs are arranged according to potency) .

Minimum alveolar concentration (MAC):
· It's the concentration of inhalation anesthetics that produce immobility in 50% of patients in response to surgical incision.
· Potency of anesthetic agent. (↓MAC → ↑ potency)

· Lipid : gas partition coefficient (direct with potency).

· The lower the MAC value the more potent the drug.

· Decreased by CNS depressants (e.g: alcohol&opiates so, we need to ↓dose) , old people(coz they are sensitive to CNS depressants drugs.)
· Increased by CNS stimulants. (e.g: caffeine so, we need to ↑ dose).
	MAC
	Potency
	Drug

	0.16
	
	Methoxyflurane

	0.75
	
	Halothane

	1.4
	
	Enflurane

	1.7
	
	Isoflurane

	2
	
	Desflurane

	6-7
	
	Sevoflurane

	>100
	
	Nitrous oxide


(NB: methoxyflurane has the more potency coz it has less MAC
nitrous oxide has poor potency even if it's MAC reaches up to 100 BUT it has advantages like rapid induction&recovery & analgesic effect.
( Pharmacological actions of inhalation anesthetics:

CNS:
· ↓ metabolic rate.

· ↑ ICP (due to cerebral vasodilation # in head injuries.

· Dose dependent EEG changes (Enflurane). (# in epileptic pts.)

CVS:

· Hypotension.

· Bradycardia except (Isoflurane & Desflurane).

· Myocardial depression (Halothane – Enflurane).

· Sensitize heart to catecholamines. (Halothane). Either exogenous like adrenaline used during surgery or endogenous in pheocromocytoma leading to arrhythmia).
Respiratory :

· All inhalation anesthetics are respiratory depressants.

· ↓ mucocilliary movements.

· Air way irritation (Desflurane – Enflurane – Isoflurane).

· Bronchodilator (Halothane – Sevoflurane). (preferred in BA).
Liver:

· ↓ hepatic flow.

· Hepatotoxicity (only Halothane) (in adults NOT children & ↑ with recurrence).
Uterus & skeletal muscles:

· Uterine relaxation. (↓ delivery + ↑ risk of bleeding).
· Nitrous oxide: minimum relaxant effect (labor).

· All are skeletal muscle relaxants.

Methoxyfluran
· The most potent ( high lipid solubility).
· 50%is metabolized to fluoride ( nephrotoxic) 
· Slow induction (20 min
· For animals ( veterinary)  use only 
Halothane (fluothane®)
· Non irritant (potent anesthetic).
· Weak analgesic

· Weak skeletal muscle relaxant 
· Slow induction & recovery ( ↑blood solubility). 
· Metabolized in liver to toxic (trifluroethanol) hepatotoxic

· CVS depression

· Hypotension
· Bradycardia ( vagomimetic action)  
· ↓myocardial contractility 
· ↓cardiac output .
· Arrythmogenic effects
· Respiratory depression 
· Uterine relaxation 
· The agent of choice in children ( pleasant odor)( as a 2nd line) .    
(Adverse effects 
· Hepatotoxecity  MCQ
· Malignant hyperthermia

· Cardiac arrhythmia due to sensitizes heart  to action  of catecholamine ( arrhythmias

· ↓cardiac output 

Enflurane

· Less potent than halothane

· More rapid induction & recovery than halothane 
· Better muscle relaxant & analgesic

· Metabolites to fluoride ( 8 %) . 

· Excreted in the kidney 
· Not nephrotoxic but be careful with renal failure( 
CVS depression

· Hypothermia 
· Cardiac out put ↓
· No sensitization of the heart to catecholamine ( no arrhythmia 
Disadvantages 
· Pungent odor –bad odor-  ( less induction – not for pediatric). 
· CNS stimulation ( epilepsy like seizure – abnormal EEG).  
· Patients with seizure disorders

· Not for renal failure 
Isoflurane ( forane® ) 
· Halogenated anesthetic  ( potent anesthetic).  
· Rapid indication & recovery. 
· Stable compound ( 2%).
· Low biotransformation ( less fluroride).  
· No nephrotoxic – no hepatotoxic 
· Good analgesic action 
· No sensitization 
· No Bradycardia  

· Reflex tachycardia 

· CVS depression

· Hypertension 

· Coronary vasodilatation 
· (HR

· Cardiac output  is well maintained 
Disadvantages

· Pungent odor  ( not for pediatrics).
Desflurane  ( suprane®).
· Pungent oder ( irreitation  - cough).  
· Rapid induction  & fast recovery ( low  solubility). 
· Less potent than halothane

· Less metabolized ( 0.05%).
· Low boiling point ( special equipment).  
· CVS depression

· ↓BP

· ↓VR 
· ↑HR

Sevoflurane

· Better smell 
· Less potent 
· Rapid onset & recovery  ( low solubility  
· Less metabolized (3-5%) fluoride 
· Combine  with O2 absorbent

· Little effect on HR

· No air way irritation ( children ) 
· CVS depression

· ↓BP

· ↓VR 
                    (Drug of choice in children   
Nitrous oxide ( N2O)
· Potent analgesic

· Weak anesthetic ( low potency )
· By itself is not suitable or safe as a sole anesthetic agent

· Rapid induction & recovery ( blood solubility)  
· Minimal muscle relaxation 
· No respiratory depression 
· No hepatic or nephrotoxicity

· Minimal CVS adverse effects 
(Therapeutic uses

· Out patient anesthesia ( dental procedure( 
· Balanced anesthesia

· Neuroleptanalgesia 
· Delivery 
· Used as an adjunct to other agent
 e.g : Using 70% N2O+O2→ ↓MAC for halothane, enflurane, isoflurane

(Adverse effects

a) diffusion hypoxia ( respiratory disease)      
b) nausea & vomiting

c) Inactivation of B12→megaloblastic anemia  imp (
d) Bone marrow depression –leukopenia ( chronic use 
e) Abortion – congenital anomalies 
(Contraindication 
· Pregnancy 
· Pernicious anemia 
· Immunosuppresion 
· Used alone , (we don’t use it nowadays ).  



(Intravenous anesthetics

1- ultra short acting barbiturate

2- Benzodiazepines

3- opioids

4- ketamine

5- propofol

6- etomidate

7- neuroleptics

· Rationale for use with inhalation anesthetics 

· Provide hypnosis 

· Enhance or provide analgesia 

· Provide muscle relaxation 

· Reduce visceral reflex responses

· Enable lower doses of inhalational agent to be used 

Intravenous anesthetics : 

· Rapid induction & recovery EXCEPT BZs . 

· Injected slowly (Rapid induction ) 

· Recovery is due to redistribution from CNS .

· Analgesic activity ( opioids & ketamine) 

· Amnesic action ( BZs & ketamine ).

· Can be used alone in short operation.

· Out patients anesthesia .

· NO need for special equipment .

(ultrashort acting barbiturates:
· thiopental

· methohexital

· thiamylal

thiopentone

Pharmacokinetics :

1- rapid onset of action, 1 min (high lipid solubility)

2- ultra short duration of action 15-20 min

3- metabolized slowly by the liver

Pharmacodynamic :

1- potent anesthetic

2- no analgesic activity  imp ( 

3- no skeletal muscle relaxation

4- CNS: decrease in ICP (used in head injury)  imp (
5- CVS: hypotension and dysarrythmia

6- respiratory system: laryngospasm and bronchospasm so ( ( in asthma  imp(
clinical Uses:

1- as anesthetic agent  alone in minor surgeries

2- induction of anesthesia in major surgeries

Adverse effects:

· precipitation of porphyria attack

· respiratory depression (dose dependant)

· CVS collapse 

· Extravasations.  Pain at the site of injection   imp ( 
· hypersensitivity reaction

contraindications:

· chronic obstructive lung disease 

· porphyria

· hypersensitive patients

· sever hypotension

(benzodiazepine 

· Midazolam

· diazepam
· lorazepam
the best one is midazolam . 

pharmacokinetics :

· has a more rapid onset of action & a shorter duration .

· Amensic action . imp (
· Reduce anxiety 

· No analgesic activity  imp ( 
· Anticonvulsant ( NOT all ) .

Clinical uses : 

· Induction of general anesthesia .

· Alone in minor procedure (endoscopy ) .

· Balanced anesthesia (midazolam) 

(Side effects : 

· Slow induction & recovery 

· Respiratory depression 

· Cardiovascular depression   (centrally  ) .

· Midazolam ( sedation 

(( Etomidate ) ( Amidate® )

Ultra short acting hypnotic ( non barbiturate ) .

Pharmacokinetics : 

· No  analgesic activity .

· Rapid onset of action .

· Short duration of action .

· Rapidly metabolized in liver ( less hangover ) .

· Minimal CVS & resp. depressant effects .  imp (
Clinical uses : 

· Induction of anesthesia .

(Side effects : 

· Involuntary movement during induction (relived by diazepam).

· Post operative N&V .

· Pain at site of injection .

· Adrenal suppression (inhibition  of steroid genesis ) 

· Teratogenic .   

(propofol

pharmacokinetics :

· hypnotic (non barbiturate)

· No analgesia

· rapid onset faster recovery than thiopental

· short duration of action

· rapidly metabolized in liver

· (10 times, elimination,t1/2= 30-60 min)

· decrease ICP 

· anti emetic action VS emetic action of etomidate    imp (
clinical uses:

· Induction of anesthesia

· Maintenance of anesthesia (balanced anaesethai)

(side effects:

1- hypotension (decreases PVR)

2- excitation (involuntary movements)

3- pain at the site of injection

4- expensive

5- clinical infections due to bacterial contamination

(ketamine

· non barbiturate
· dissociate anesthesia  ( الشخص يكون صاحي لكن ما يحس بالألم
· Analgesia  imp( 
· amnesia

· immobility

· complete separation from surrounding environment

Pharmacokinetics :

· rapid onset of action (slower than thiopental)

· short duration of action

· metabolized in liver to active metabolites(norketamine)

· excreted in urine and bile

Pharmacodynamic :

1- increase in CVS stimulation BP and COP imp (( increase in central sympathic  action)   (   hypertension & tachycardia .
2- increase plasma catecholamine levels 
3- increase in ICP

4- potent bronchodilator (asthmatics) (
Advantages:

· can be given IV,IM (children)

· no bronchospasm

· longer duration of action than thiopental

· hypovolemic or shock  patients

(side effects:

· post operative hallucination and dreams and disorientation and illusions (diazepams)

· risk of HTN and cerebral hemorrhage

· increase in ICP
(CNS stimulation in adult only ( not children ) .)
contraindications

· CVS diseases (HTN and Stroke)

· head injuries 

clinical uses : 

· minor operations . (children ,elderly, shock pt)

· short duration diagnostic procedures

(Opiate Drugs

· fentayl 

· alfentail

· sufentanil

· remifentanil
(they r drug of choice in patient with: 

· intubations  ( good analgesic

· Cardiac surgery : Used in combination with:

· Sevoflurane( children

· propofol ( adult
  (fentayl

· rapid onset

· short duration of action

· potent analghesia

· no muscle relaxation

clinical uses:

1- cardiac surgery (morphine and nitrous oxide)

2- neuroleptanalgesia (fentanyle and droperidol)

3- neuroleptanesthesia (fentanyle and droperidol and nitrous oxide)

(side effects

· resp. depression ,bronchospasm

· hypotension 

· N and V

· increase in ICP

·  prolongation of labor and fetal distress

· urinary retention
· constipation 
contraindication:

· head injuries 

· pregnancy 

· bronchial asthma

· COPD

· hypovolemic shock (large dose only)

(Neuroleptics:

neuroleptanlgesi 

· a state of analgesia and sedation but no loss of consciousness
· innovar ( fentayl and sroperidol)

· contraindicated inparkinsonism

· diagnostic procedures that require co operation of the patient (radiological procedures burn dressing and endoscopy)

neuroleptanesthsia 

· a combination  of  ( fantanyl and droperidol and nitrous oxide)

useful in elderly or seriously ill patients

Done by :
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Very imp pointes 
· All inhaled anesthetics ( contraindicated in cardiac surgery Except : 

Sevoflurane

· All inhaled anesthetics cause (skeletal muscle relaxation Except :

N2O
· All inhaled anesthetics are (( in asthmatic patient Except :

Halothane + Sevoflurane

All inhaled anesthetics produce bradycardia  Except : 

Isoflurane + Desflurane
Myocardial depression and reduced cardiac output :

Halothane + Anflurane only

· Halothane :

· Sensitize ! ( to catecholamine so ( not  used in patient with pheochromocytoma .

· 2nd drug of choice in children .

· Hepatotoxecity

· Malignant hyperthermia .

· Desflurane + enflurane  = pungent odor ( # in children .

· Sevoflurane + halothane = good odor ( used in children . 
(Methoxyflurane (Renal toxicity   .
                              ( The most potent
· Sevoflurane :D.O.C in (  pediatric & cardiac surgery  

· Isoflurane ( reflex tachycardia .

· Desflorane ( hypotension .
· N2O (diffusion hypoxia .

· Ketamine ( postoperative hallucination 

· Fentayl ( drug of choice in patient with: 

· intubations  ( good analgesic

· Cardiac surgery : Used in combination with:

· Sevoflurane( children

· propofol ( adult
· thiopental + etomidate + propofol ((ICP (SAFE to used in head injury  

· propofol ( hypotension 

                    (antiemetic effect 
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For induction     (  IV anesthetics	


For maintenance ( inhalation anesthetics 








As we move downward there are ↑ in muscle relaxation (except N2O)&↑in analgesia.)


Sevoflurane suppose to have rapid induction & recovery but actually it's poor due to its pungent odor which cause irritation & cough& slows its induction).





2nd  drug of choice in children 





1st drug of choice in children 





الغاز  المضحك 





سميت diffusion  لأن الدوا ينتشر بسرعه 





You can’t do operation 


(coz he is conscious). 





Excitement /delirium  





أفضل مرحلة! target stage       





Very fatal (should be avoided ) 





((Malignant hyperthermia : it is a hyper metabolic disorder of skeletal muscle characterized by intracellular hypercalcemia ,there is tachycardia ,tachypnea ,acidosis ,hypertension and rigidity so (treated by : mechanical treatment  (cold  water )
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(MCQ : 





(Which of  the following about prpofol is NOT correct : 


It decrease ICP .


Can be used in induction and maintenance of anesthesia .


Allows rapid induction and recovery .


Its use is associated with post operation nausea and vomiting


  


(Which of  the following about desflurane is correct : 


Biotransformed to nephrotoxic metabolites 


May produce seizure 


Relaxes skeletal muscle


Sensitizes the heart to arrythmogenic circulating catecholamine.


(Which of  the following I.V. anesthesia is given to hypovolemic :


Fentanyl 


Propofol 


Ketamine 


Thiopentone





(T and F : 





(Fentanyl : 





Can be used in pnt. With head injury F 


Can be used in pnt with bronchial asthma F 


Produce post operative hallucination F 


Used with other anesthetic T 
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