Dissociative anesthetics CH 12
Definition: The term dissociative anesthesia is used to describe an anesthetic state induced by drugs that interrupt ascending transmission from the parts of the brain responsible for unconscious and conscious functions, rather than by generalized depression of all brain centers as seen with most other general anesthetics

Dissociative anesthesia is characterized by a cataleptoid state in which the eyes remain open with a slow nystagmic gaze

Although somatic analgesia may be intense, it is relatively brief

Drugs:

Ketamine

Tiletamine is available for use only in combination with the benzodiazepine zolazepam. In a 1:1 ratio, this drug combination is marketed as Telazol in the United States
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Pharmacology:

Effects on the nervous system:

Dissociative anesthetics produce dose-related unconsciousness and analgesia. 

Because of their low molecular weight, a pka near physiological pH, and high lipid solubility, dissociative anesthetics have a rapid onset of action.

Classically, the mechanism of action has been described as selective depression of neuronal function of the neocorticothalamic axis and the central nucleus of the thalamus with concurrent stimulation of selected parts of the limbic system, including the hippocampus.

More recently, antagonism of the N-methyl-D-aspartate (NMDA) receptor has been proposed as the most likely molecular mechanism responsible for most of the anesthetic, analgesic, psychotomimetic, and neuroprotective effects of the drug

Alternatively, effects could be mediated in part by one or more of the following: 

(a) action on voltage-dependent sodium, potassium, and calcium channels
(b) depression of acetylcholine receptors
(c) enhancement and prolongation of y-aminobutyric acid (GABA) receptors that link to chloride channels ( G A B A A receptors
(d) depression of nociceptive cells in the medial medullary reticular formation and activity of cells in laminae I and V of the dorsal horn.

Dissociative drugs and seizures:
Dissociative anesthetic administration to people with a history of seizures does not promote seizure activity despite the presence of thalamic and limbic epileptiform electroencephalogram patterns. In fact, low doses of ketamine may have anticonvulsant properties through antagonism of NMDA receptors.Nevertheless, ketamine-associated seizures have been reported in some animals, and use of ketamine, or any other dissociative anesthetic, in animals with a history of epilepsy or other seizure disorders should be avoided, if possible.

Analgesia:
The degree of analgesia appears to be greater for somatic pain than for visceral pain.
Dissociative anesthetics appear to be more useful for anesthesia and postoperative analgesia related to integumentary and superficial musculoskeletal surgery.
Furthermore, NMDA receptors appear to be involved in hyperalgesic responses after peripheral tissue injury and inflammation, suggesting that ketamine (and possibly other dissociatives) would be effective at reducing hyperalgesia following tissue trauma
Local infiltration of ketamine may produce a brief period of local anesthetic effect.When administered simultaneously with bupivacaine, ketamine doubles the duration of analgesic and local anesthetic effects of bupivacaine. This peripheral analgesic effect of ketamine may be attributed to one or all of the following mechanisms: 
(a) blockade of sodium and potassium currents in peripheral nerves
(b) blockade of NMDA, alpha-aminohydroxy-5-methyl-4-isoxazoleproprionic acid (AMPA), and kainite receptors on unmyelinated axons 
(c) blockade of glutamate effects on C-fiber free-nerve endings
Similar to systemic administration, epidural ketamine appears to produce profound somatic but poor visceral analgesia.

Tissue trauma produces continuous nociceptive stimulation of С fibers that activates NMDA receptors in the central nervous
system (CNS). This activation of NMDA receptors decreases the threshold to glutamate, making them more responsive to stimuli.
As a result, windup may develop, which is clinically manifested as an exaggerated response to subthreshold noxious stimuli following a primary injury and amplification of postoperative pain.
These results have led to the concept of pre-emptively treating central sensitization as an important part of pain management.

Effects on cerebral blood flow:
Dissociative anesthetics induce significant increases in cerebral blood flow (CBF), intracranial pressure (ICP), and cerebrospinal fluid pressure as a result of cerebral vasodilation and elevated systemic blood pressure.
The mechanism of ketamine-induced elevated ICP remains controversial. Studies show this effect is associated with elevations in CO2 (hypoventilation) and thus may occur via an indirect effect.
Dissociative anesthetics may not be contraindicated in all patients at risk for intracranial hypertension, particularly when administered in the presence of another anesthetic and/or when controlled ventilation is instituted. It has been hypothesized that when ketamine is administered in the presence of another anesthetic, the second anesthetic may suppress ketamine's excitatory effect on the CNS. Nevertheless, administration of ketamine should be avoided in spontaneously breathing patients with suspected intracranial hypertension or disease until scientific evidence to the contrary emerges.

Effects on the cardiovascular system:

The cardiovascular effects of dissociative anesthetics are characterized by indirect cardiovascular stimulation. 
Various effects on target organs include sympathomimetic effects mediated from within the CNS, inhibition of neuronal uptake of catecholamines by sympathetic nerve endings, direct vasodilation of vascular smooth muscle, and an inotropic effect on the myocardium.
Heart rate and arterial blood pressure usually increase as a result of increased sympathetic efferent activity.
Plasma concentrations of epinephrine and norepinephrine can increase within 2 min of intravenous administration of ketamine and return to control levels 15 min later
In dogs and cats anesthetized with ketamine, mean arterial pressure, heart rate, and cardiac output increase while peripheral vascular resistance remains mostly unchanged.
Myocardial stimulation is associated with increased cardiac work and myocardial oxygen consumption.
In healthy animals, increases in myocardial oxygen supply usually result from increased cardiac output and a decrease in coronary vascular resistance such that increases in coronary blood flow parallel the increase in oxygen consumption. 
However, some studies indicate that ketamine-induced increases in coronary blood flow may be insufficient to meet myocardial oxygen demand, especially if cardiovascular disease is present.
The cause of the positive inotropic effect is undetermined, but is thought to be due to decreased uptake of catecholamines.
Note: in failing hearts, ketamine may have a negative inotropic effect.
Ketamine has been shown to suppress activation of endotoxin induced neuronal nuclear factor кВ, which regulates the production of proinflammatory cytokines, including tumor necrosis factor a in human glioma cells in vitro and intact mouse brain cells in vivo. Therefore, in theory, ketamine may offer some neuroprotective effects during endotoxemia.

Effects on the respiratory system:

They do not depress ventilatory responses to hypoxia.
In cats and sheep, ketamine induces a dose-dependent transient decrease in arterial oxygen partial pressure (Pa02) in the presence of decreased or increased respiratory rate. 
At higher doses, respiration is characterized by an apneustic, shallow, and irregular pattern.
Dissociatives often cause increased salivation and respiratory tract secretions, which can be partially controlled by administration of an antimuscarinic (e.g., atropine). 
Laryngeal and pharyngeal reflexes usually are partially or fully maintained during dissociative anesthesia

Effects on the hepatic and renal systems:
Dissociative anesthetics generally undergo extensive hepatic biotransformation in dogs, horses, and people. Some hepatic metabolism occurs in cats, but normally the majority of drug is excreted via the kidney.
Rapid recovery following intravenous bolus ketamine administration is by rapid redistribution of ketamine from the CNS to other tissues, primarily fat, lung, liver, and kidney.
Clinically, animals with significant hepatic dysfunction do not metabolize ketamine as rapidly as do healthy animals. Animals with renal dysfunction or obstruction to urine flow also have prolonged sleep times when larger doses of ketamine are given.
Generally speaking, dissociative anesthetics should be given cautiously to animals that have significant hepatic or renal dysfunction

Effects on intraocular pressure:
May increase intraocular pressure in some animals.

Uses:
Often used in combination with other medications. 
Benzodiazepines induce a central muscle relaxant effect that decreases the muscle hypertonus associated with ketamine.


Questions:
1. Dissociative anesthetics are highly lipid soluble and thus have a rapid onset of action. T or F?
Answer: True

2. Due to the fact that their pKa is close to physiologic pH, they have a slow onset of action. T or F?
Answer: False. The pKa close to the pH contributes to their rapid onset of action.

3. What is thought to be their mechanism of action?
Answer: NMDA receptor antagonism

4. Which of the following below are actions of this class of drug?
a. Anesthetic
b. Analgesic
c. Psychotomimetic
d. Neuroprotective
e. All of the above
Answer: E
5. These agents appear to be more effective at controlling visceral pain. T or F?
Answer: False. They are better at controlling somatic pain.

6. N M D A receptors appear to be involved in hyperalgesic responses after peripheral tissue injury and inflammation, suggesting that ketamine (and possibly other dissociatives) would be effective at reducing hyperalgesia following tissue trauma. T or F?
Answer: True

7. Tissue trauma produces continuous nociceptive stimulation of ______________ that activates _______________________in the central nervous system (CNS). This activation of NMDA receptors decreases the threshold to ___________________, making them more responsive to stimuli. As a result, windup may develop. 
Answer: С fibers, NMDA receptors, Glutamate
