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Analgegia » gpecifically to suppregs gengory
function of the brain that relates to pain

Gﬂeral Anesthesia
// -~

A dtate of complete lose of gengory an motor functions of CNS

is a reversible state of CNS
depression > loss of
responses to and perception
of stimuli.

[+ mugt be revergible to be congidered
pharmacological, if not revergible it will be death
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Why are they “general”?

Loose ability to senge pain, memory > analgegic part of anesthesia
e Sensory

-Absence of intraoperative pain

e Cognitive:
-Absence of intraoperative awareness
-Absence of recall of intraoperative events

* Motor: Complete logs of movement » to facilitate emoothnesg of eurgery,
-Absence of movement patient mugt stay etill to avoid injuries .. mugcular relaxation ien’t
-Adequate muscular relaxation aelective regpiratory mugcleg will aleo be affected » you can't perform

e Autonomic: a quccessful anegthesia without mechanical ventilator eupport

-Absence of hemodynamic response
-Absence of tearingy/flushing, sweating, and gastric secretions

You mugt monitor blood preseure
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What are the benefits of anesthesia?

» Sedation and reduction of anxiety
* Lack of awareness and amnesia

* Analgesia

 Skeletal muscle relaxation

e Suppression of undesirable reflexes
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What is the “perfect” anesthetic?

*" chemical stable with low flammability
" produces “reversible” loss of consciousness | [fnot it will cauce death
" produces analgesia, suppresses reflexes and produces muscle

relaxation | g anegthetic » what doesn't cauge cardiovascular depresgion

= minimal cardiovascular and respiratory side effects | Main compliafion of analgesia
" cheap and easy to manufacture and administer Elderly with comorbidity are at higher rigk

NO SINGLE DRUG HAS ALL THESE CHARACTERISTICS!

Solution » to uge a combination of druge that can induce anegthegia, maintain anesthegia, facilitate intubation, induce memory logg, analgesice
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Solution

Several categories of drugs are combined!

PREANESTHETIC MEDICATIONS GENERAL ANESTHETICS: INTRAVENOUS
Antacids Barbiturates
Anticholinergics ge"mdd'atzep'f;?s
. . exmeaetomiaine PRECEDEX
Antiemetics .
. , Etomidate AMIDATE
Antihistamines Ketamine KETALAR
Benzodiazepines Opioids
Opioids Propofol DIPRIVAN
NEUROMUSCULAR BLOCKERS (see Chapter 5)Jlll GENERAL ANESTHETICS: INHALED
Cisatracurium, pancuronium, rocuro- Desflurane sUPRANE
nium, succinylcholine, vecuronium Halothane FLUOTHANE
Isoflurane rORANE
Nitrous oxide NITROUS OXIDE
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How do we choose the best combination?
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Patient Factors in The Selection of Anesthesia ="

Cardiovascular Respiratory Hepatic/Renal

* Anesthetics suppress [l * Inhalational/intravenous
cardiovascular function anesthetics and opioids
depress respiration.

e Metabolism

* Clearance

* Hypotension—2>{,

perfusion—> ischemia * Asthma/ventilation/anatomical j§ * Drug-interaction, e.g.,

. Patient’s  history s abnormalities alcohol use
important
Nervous Gestational
* Pre-existing * Fetal organogenesis
neurological disorders .
eg. epilepsy e Postnatal complications

myasthenia gavis
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Depth of Anesthesia

C mbativ
b havior
\ > PAIN-=Z

/l\\

STAGE |

STAGE I STAGE 1l STAGE IV

Surgical (Medullary
(Analge5|a) (Dellrlum) Anesthe5|a) Paralysis)

Partial analge5|a9 - Full analge5|a9 > Atoma/areflema Severe depression of respiration

Shortened or eliminated Ideal stage for surgery Death happens without
by giving IV anesthetics ventilation/circulatory
support
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Anesthetics

Inhalational
* Injections * Gasses or Vapors
* Anesthetics or induction * Usually Halogenated

agents
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Route of Administration

Inhalation anesthetics

Intravenous anesthetics

!

blood

|

Central nervous system

!
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Intravenous Anesthetics
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| ﬂt ravenous A ne St h et | CS Single injection to induce anesthegia

Induction » period between being conscious and uncongcioug

* Rapid induction of anesthesia “arm-brain circulation time”

* Could be used for maintenance — short surgeries — TIVA

e At low doses = sedative/hypnotic Total intravenoug anegthegia
: .. Not approved to be uged outgide hogpital

* Mechanism of action is unknown

Very difficult to control dose outeide hogpital (V) » regpiratory depresgion
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INDUCTION

Loge of consciousnese / complete
anesthesia » before counting to ten

Tareq Saleh ©

T They affect rate of croseing of drug of BBB | 2

&
<

Free-boundhxatio
Lipid/solubility L7
lonjzation | Lese charged

[
Only non-bound crosgeg

Crogges blood brain barrier

BRAIN

Bermeable » gimple diffusion

Cardiac output affects diffugion
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INDUCTION

Solution: reduce
dose/slowly titrate!!
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Free-boundrxatio
Lipid Solubility
lonization

BRAIN

— l

Datient with hypovolemic shock or cardiac failure wil
decreage cardiac output » ag compengatory regponge
blood flow will be trangported increaging cardiac output
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RECOVERY

Recovery happens due
to the redistribution
rather than metabolism

Within seconds » complete

shutdown of brain function

Other tissues: <
Skeletal muscles, fat

Terminated by redistribution from brain
( waghed out from brain to blood)

That doesn't mean they don't l)
undergo metabolic but it'e not the
method terminating it's effect
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Firet dictribution ie for the brain
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|. Propofol

* |V sedative/hypnotic
* First choice for induction of general anesthesia and sedation

e “mill-like appeara nceL"/ Highly lipid soluble, emulgified

* Induction: 30-40 seconds
—

e Redistribution: 2-4 minutes | Represents time of redistribution

e No anal ge Sj [‘L-v Uge another anegthetic to maintain effect
* No postoperative nausea/vomiting

* decreases BP and ICP | CVS /RS depression

L7
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. Barbiturates (thiopental)
Very rapid acting

e Ultra-short acting barbiturate

* Induction ~ 1 minute

* Potent anesthetic — weak analgesic

* Largely replaced by propofol (no longer used in the US)

1. Benzodiazepines (midazolam, diazepam)

* Used in adjunct with other anesthetics for their sedative/amnestic
effects For unpleagant surgeries
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V. Opioids (tentanyl) | | v

Anti-depregsant.

V. Ketamine

e Short-acting, non-barbiturate

Used with poor ansthetice

* NMDA receptor antagonist Might regain congciousnesg, paralyzed but can gee, can’t feel any stimuli
* Induces dissociative anesthesia + analgesia

* Cardiovascular effects: 1> blood pressure 1" cardiac output and
bronchodilator In patiente of rigk of cardiovascular prolapse

--- good for hypovolemic, cardiogenic shock, asthmatics
---.contraindicated in hypertensive, stroke | Cerebral bleeding
* May induce hallucinations/dream-like state
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Inhalational Anesthetics
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Inhalational Anesthetics

To maintain anegthesia » maintain delivery of gag to lungg

* Primarily used for maintenance of anesthesia following induction by
IV agents.

* Depth of anesthesia correlates with inhaled concentration.
* Less risk of cardiac/respiratory depression than IV agents.
* No antagonists.

Ventilation + drug delivery
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Inhaled anesthetics

1- Halogenated(with Cl-,F-,I") Volatile liquids:

Not uged » liver toxicity , malignant hyperthermia

—
* Halothane

Cl
* |Isoflurane—

T | Widely uged » eafe
* Desﬂuraneu\l =

* Sevoflurane

2- Gases: Nitrous oxide
PPN

X

Br
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Mechanism of Action of Inhalational
Anesthetics is UNKNOWN

Possible mechanisms:

Increase the sensitivity of GABA, receptors to GABA
(nitrous oxide, ketamine have no effect on GABA)

Inhibition of NMDA receptors

Increase the activity of glycine receptors in the spinal chord

Block excitatory postsynaptic currents of nicotinic receptors

Overall regult » depresgion of CNS
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u No anesthetic

I

Binding of GABA causes
the chloride ion channel
to open, leading to hyper-
polarization of the cell.

In presence of
inhaled anesthetic

Binding of GABA is enhanced
by inhaled anesthetics,
resulting in a greater entry of
chloride ion.

o

Entry of ClI" hyperpolarizes cell,
making it more difficult to
depolarize, and therefore
reduces neural excitability.
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POte N Cy I\/I AC Efficacy » depends on concentration of the drug, if drug can
exert large effect with low concentration it'e efficient
Minimum Alveolar Concentration (MAC)

* The end-tidal concentration of an inhalational anesthetic needed to
eliminate movement in 50% of patients stimulated by a standardized

Incision.
* MAC = ED, of an anesthetic | Lec Mac» more potent

* MAC is expressed as percentage of alveolar gas mixture/ partial
pressure as % of 760 mm of Hg.
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Potency: MAC

Oatient related factors can change Mac

T Most potent
~Halothane

fsoflurane

Desflurane

Nitrous

Sevoflurane

h 0.75%

Bl 1.2%

2%
I %6
4

prr b b e bevve bl \

“oxide
4 Leagt potent

0 2 4 6 100

Almost no clinically dose can
be given to produce anesthesia

MAC

Percentage anesthetic gases
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™ MAC
Hyperthermiag
Chronic alcohol abuse
IMCNS catecholamines

J MAC
Increased age
Hypothermia
Pregnancy

Sepsis

o, agonists
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Distribution

The pharmacologic effect of an inhalation agent is

determined by the partial pressure of the anesthetic in the
brain [P}

[P,,] depends on alveolar partial pressure [P,,] which is
controlled by pressure at the origin of the respiratory
pathway.
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Steady state: [P, ]=[P.]=[P,]

Anesthesia machine

é,, Equilibrium produces maintain
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Concentration ingide lunge gtart to increage

Anesthesia machine
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Anesthesia machine
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Anesthesia machine
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High Blood Solubility—~

High blood golubility > low lipid solubility » low brain diffusion rate » more time to produce effect
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A Low Blood Solubility

Anesthesia machine

High lipid golubility » high brain diffugion rate » legstime to produce effect
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Lubay Gelirecovery J! ¢ s gdas
aall o bl Jshas

T

Most soluble
in blood

-~ thane

Sevo-
furane

0.65

Nitrous pes-

oxide flurane
04? 042

Gss 3a potency J1 pus MAC U
induction of anaesthegia JL

rate JI L8 blood/gag coefficient J!

induction or Jbs e sdas s/ gy s aS
recovery from anaegthegia

Blood/gas partltl on
coefficlent
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flurane

Methoxy-

FL;I

I
H300-(|7-(|3-H
F Cl

Halothane

F Br

F~C~C—H

Nitrous oxide




Recovery

* The duration of exposure to the anesthetic can have a marked effect
on the time of recovery. If exposure to the anesthetic is short,
recovery may be rapid.

* Clearance of inhaled anesthetics by the lungs into the expired air is
the major route of their elimination from the body
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Alveolar concentration
{percentage of inspired concentration)

100

50

Induction@w :

Nitrous oxide

Desflurane

fsoflurane

Halothane

10 20 30

Minutes

~
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Percentage of initial
alveolar concentration

100

U
i

Recovery

Halothane
isoflurane
Nitrous oxide Desflurane
0 VI | | |
0 ,J | 10 20 30
|
@" Minutes
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Isoflurane

* Has a pungent smell - stimulates the respiratory reflexes > NOT
used for inhalational induction

e Causes hypotension
 Solubility? Induction time?
* Low cost

* Longer surgeries
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Desflurane

 Respiratory irritant = NOT used for inhalational induction
* Causes hypotention

* Low blood solubility

* Higher cost

* Better for short surgeries
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Sevoflurane

More tolerable

* Low pungency and respiratory irritation = can be used for
inhalational induction

* Low solubility Egpecially in children
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Nitrous
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Nitrous Oxide

* Gas

* Very rapid induction and recovery.
— Why?

* |least potent, highest MAC value.
* Poor anesthetic, good analgesic | Mostly used by dentit

* Administered with O, to avoid diffusion hypoxia (to produce sedation
- dentistry)

* Administered with other inhalational agents for general anesthesia
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v |
B

Arrhythmias

U Dopamine

+
Norepinephrine

3
Epinephrine

Sensitivity to
catecholamines

UYN . 4

Vig ~a

-~
v

Cardiac output

V.

8P

Blood pressure

Respiratory
reflexes

Hepatic
toxicity

Renal
toxicity

Halothane
VN

Increased

-~

Increased

v

Decreased

A 4

Dose dependent
decreased

v

Inhibited

N

Some
risk

Low
risk

Isoflurane

v

Decreased to a lesser
extent than halothane

A 4

Dose dependent
decreased

Initial
stimulation

Low
risk

Low
risk

Desflurane

v

Decreased to a lesser
extent than hafothane

A 4

Dose dependent
decreased

VN

Initial
stimulation

Low
risk

Low
risk

Sevoflurane

v

Decreased to a lesser
extent than hafothane

v

Dose dependent
decreased

v

Inhibited

Low
risk

Some
risk
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Malignant Hyperthermia

* Rare anesthesia complication (only in susceptible patients; autosomal
domina nt) Mugcle relaxant to facilitate intubation
e Exposure to: halogenated anesthetics, succinylcholingj‘

* Life threatening

* Due to uncontrolled, excessive increase in skeletal muscle oxidative
metabolism

* Treatment: dantrolene
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Therapeutic Disadvantages

o Must be delivered using a
special vaporizer

¢ Incomplete anasthesia
* No muscle relaxation

¢ Must be used with other
anesthetics for surgical
aneasthesia

¢ Reduces hepatic and renal
blood flow

¢ Lowers blood pressure

¢ Sensitizes myocardium to
actions of catecholamines

o Hepatic toxicity
¢ Arrhythmias

¢ Potential renal toxicity
atlow flows

o Poor analgesia

o Causes significant nausea
o Little muscle relaxation

¢ Laryngospasm

‘ e Poor analgesia E: , .:—-;; ?

Dexmedetomidine

Inhalation

r Nitrousoxide

. Halothane

Intravenous
anesthetics

Therapeutic Advantages

e Good analgesia
¢ Rapid onset/recovery
e Safe, nonirritating

nesthetics

Desflurane

e Good muscle relaxation
¢ Rapid recovery
o Stability of cardiac output

¢ Does not raise
intracranial pressure

¢ No sensitization of

Isoflurane heart to epinephrine

e Bronchial smooth muscle
relaxation good for patients
withasthma

¢ Rapid onset/recovery

e Not irritating; useful
in children

Sevoflurane

Thiopental ¢ Rapid onset of action
Sy ¢ Potent anesthesia ,

Ketamine

Fentanyl - * Good analgesia

T

Propofol

o Not likely to cause nausea
¢ Rapid onset
e Lowers intracranial pressure

© No respiratory deprassion
¢ Blunts undesirable cardio-
vascular reflexes
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