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INTRODUCTION

Ketamine is still wide-used anesthetic, especially in
resource-poor countries. For instance, in Zambia the
ketamine anesthesia seems to be used in every
second anesthetic management,’ especially in
district hospitals. This anesthetic has very
complicated “course of life”: from general
recognition till burning indignation. Despite of its
ketamine takes sturdy stand for performing
anesthesia in extremely critical conditions (e.g.,
hypovolaemic shock).

Ketamine - intravenous dissociative anesthetic
agent developed by American pharmaceutist
Stevens C. in Parke-Davis Lab (1962). In 1965
professor Domino EF described ketamine as a
potential psychedelic.” Dissociate anaesthesia is a
trance-like cataleptic state characterized by
profound analgesia, sedation, amnesia and
immobilization, with retention of protective airway
reflexes, spontaneous respirations and
cardiopulmonary stability.’

PHARMACOLOGY

Ketamine — phencyclidine derivate and is classified
as an N-methyl-D-aspartate (NMDA)-receptor
antagonist. Ketamine contains a chiral center
producing two optical isomers. The S (+)-
enantiomer (Ketanest S) would appear to offer some
clinical advantages over the racemic mixture — R (-)
because it's a more effective anesthetic and
analgesic drug with a more rapid recovery and less
psychotomimetic side-effects.”*® However more
common commercially available preparation is a
racemic mixture.

Systemic name - 2-(2-chlorophenyl)-2-
methyamino-cyclohexan-1

Chemical formula—-C,,H,,CINO-HCI
Molecular weight—274.19

pH (ketamine hydrochloride) is 3.5-5.5
(moderately acidic)

pKa-7.5

Figure 1: Chemical structure of ketamine
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Water solutions of ketamine are stable at a room
temperature and available in 1%, 5% and 10%
aqueous solutions.

Pharmacokinetics

negligible protein binding—12-35% '
distribution half-life—11-16 min®
elimination half-life — 2-3 hrs®

distrgibution volume at steady state —2.5-3.5
I/kg

clearance—12-17 ml/kg/min’°

high lipid solubility (quick penetration into
the brain and crosses blood-brain barrier
easily)
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> extensively metabolized by hepatic
microsomal cytochrome P-450 enzymes
(N-demethylation). Its metabolite, water-
soluble, norketamine, has 1/3-1/5 potency
and doesn't penetrate into central nervous
system (CNS).

> Only 2-3% as unchanged drug is excreted
in the urine, approximately 90% is excreted
the same way as metabolites. The rest of the
drug by feces.

Pharmacodynamics

Ketamine causes dissociation between the
thalamocortical pathways and limbic systems
(hippocampus).”™" Ketamine blocks the open ion
channel of the NMDA-receptors and inhibits
glutamate activation, thereby reducing the
excitatory effects of glutamate on neurons in the
CNS.” Anesthetic depresses the transmission of
nerve impulses in the medial medullary reticular
formation, blocking nociception from the spinal
cord to brain pathways.” As well antagonizes
muscarine and nicotinic acetylcholine receptors of
the brain.” Perhaps it action at the nicotinic receptor
is responsible for behavioral adverse effects.”

INFLUENCE ON

Central nervous system

During monoanesthesia by ketamine the cortical
EEG are characterized by the appearance of [-
activity (4-7 Hz). That picture of generalized and
hypersynchronized -rhythm is characterized for the
excitation of limbic brain structures (hippocampus).
It is known as limbic seizure.” If firstly administer
benzodiazepines (e.g., diazepam, 0.1-0.2 mg/kg)
then ketamine occur diazepam's tranquilization with
the development of fast EEG-rhythm (15-25 Hz).
Furthermore haemodynamics and respiration
remain stable.

Ketamine can activate epileptogenic foci in patients
with known seizure disorders.”

Ketamine is generally causes the increase in cerebral
blood flow (CBF), intracranial pressure (ICP) and
cerebral oxygen consumption (CMRQO,). In animal
study, the ketamine-induced increase in ICP was
prevented by hyperventilation and diazepam pre-
treatment.”*"

Some animal studies have shown that ketamine may
produce a marked neuroprotective effect mediated

by antagonism of NMDA channels, therefore
preventing calcium influx during states of
neurocellular ishaemia.”*** However, the results of
some animal experiments are contradictory.”

Cardiovascular system

Ketamine stimulates the cardiovascular system due
to direct stimulation of the sympathetic nervous
system (central baroreflex inhibition).” Ketamine
causes the sympathoneuronal release of
noradrenaline® and inhibits extraneuronal
noradrenaline uptake.” That's all explains the
increase in arterial pressure (up to 15-20%), heart
rate (up to 20%), pulmonary artery pressure (40-
47%) and cardiac output (up to 20%) usually seen on
induction of anesthesia with ketamine.” These
hemodynamic changes are not dose-related.
Ketamine has intrinsic myocardial depressant
effects which may become apparent only in the
seriously ill patients with depleted catecholamine
reserves.”

Ketamine may compromise the balance between
myocardial oxygen supply and demand in patients
with coronary ischemic disease.” In children with
poor right ventricular reserve this drug seems to be
safe.”

Respiratory system

Ketamine has minimal effect on respiratory system.
It is often recommended for induction of anesthesia
in patients with asthma because of its ability to
produce bronchodilation (effect on the central
sympathetic system, direct relaxant affect on airway
smooth muscles).” Concise apnoe is rarely seen
which is associated with rapid or large dose of
intravenous administration. Bronchorrhoea may
also occur which can produce the laryngospasm in
children (an antisialagogue usage is recommended).

Gastrointestinal system

Hypersalivation. Don't affect liver function tests.
Incidence of postoperative nausea and vomiting are
minimal.

Visual system

Ketamine increases intraocular pressure (I0OP) for a
short time. In one study, Nagdeve NG et al, showed
low-dose ketamine anesthesia (3 mg/kg IM) not
altered the 10P compared induction dose (6 mg/kg
IM) for pediatric surgery.” Nystagmus and eye
movements may occur during surgical procedures.
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Muscular system
Slightly enhanced skeletal muscle tone and
movements are often occur.

Immune system

Ketamine results in a significant reduction in
leucocyte's activation during sepsis, while it also
suppresses pro-inflammatory cytokine production
invitro.

Pregnancy

Ketamine crosses the placenta and concentration in
the fetus is proportional to those in the mother.
Pregnancy category —B.

Psychoneurological effects

- Experimental antidepressant use: using
subanesthetic doses of ketamine — 0.5
mg/kg during 40-60 minutes helps in a
treatment-resistant depression,*****
NMDA is receptor for the neurotransmitter
glutamate. The glutamate system has been
implicated in depression recently, not only
serotonin and norepinephrine.

- Treatment of addiction: some studies were
dedicated to the treatment for alcohol and
heroinaddiction.*

- Pharmacological model of schizophrenia:
ketamine and other NMDA-antagonists
(PCP, MK-80) are considered to be the best
available pharmacological models of
schizophrenia to date. Ketamine produce
the negative symptoms (alogia, social
withdrawal), positive symptoms
(delusions, hallucinations) and cognitive
deficits of schizophrenia.

- “Club drug”: is also known as “special K”
(www.clubdrugs.gov). It can be injected,
snorted or smoked. In small doses ketamine
can cause dream-like states and
hallucinations (delusions). In high doses
ketamine can cause amnesia, delirium,
impaired motor function, high blood
pressure and respiratory depression. In
2003, 0.8 percent of young New Zealanders
had tried ketamine, with 0.2% having used
within the previous year. *

INDICATIONS
1. Sedation:
- in some minor surgical procedures:

debridement, dressing changes, extraction,
removal of tampon, EUAand so on.

- inthe emergency department (ED) *°

2. Anesthesia:

- as induction agent in hypovolaemic and
shocked patients (ASA1V class)

- insome specific pathology (see below)

- in the developing countries as a single
general intravenous agent

3. Analgesia

- to relief an acute postoperative pain —
inhibits nociceptive central
hypersensitization” and NMDA-receptor-
mediated ion currents®

- pre-emptive analgesia (subanaesthetic
doses) “*

- chronic cancer pain

The usage in some specific conditions

Cardiovascular surgery

Bartoc C. et al. have shown a significant anti-
inflammatory effect of low-dose ketamine (0.5
mg/kg during induction of anesthesia) in cardiac
surgical patients. It mitigated increases in IL-6 (pro-
inflammatory cytokine) and C-reactive protein, as
well as increased in IL-10 (anti-inflammatory
cytokine). Therefore these changes protect patients
to some degree from vasodilatation in postoperative
period.” It's has been confirmed by other studies.**’
Another study has been shown that ketamine is
preferable induction drug for pericardiectomy.

Patients with endotoxemia (septic shock)
Ketamine shows benefit effects (inhibited
hypotension, metabolic acidosis and cytokines
responses) in animal model with injected
endotoxins.”*

Patients with asthma

Ketamine is a drug of choice as an induction agent at
asthmatic patients.” * This anesthetic relaxes the
bronchiolar musculature (due to its
sympathomimetic properties) and prevents the
bronchoconstriction induced by histamine *,
decreasing the risk of bronchospasm.* However, its
effectiveness in asthma failed to demonstrate any

benefits compared with standard therapy in the ED.”

Adjuncttoregional anesthesia
There are some studies and case reports that
ketamine can be used as an adjunct to neuroaxial
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blocks by intrathecal or epidural route. An
intrathecal dose of 1 mg ketamine combined with
intrathecal morphine obtained effective pain relief
in cancer patients. * Encouraging finding have been
shown S (+)-ketamine strengthened the duration of
analgesia. °"*But the Food and Drug Administration
(FDA) has not approved ketamine for regional
anesthesia. The probable cause - ketamine's
preservative, chlorobutanol, has been demonstrated
neurotoxic effect during subarachnoid anesthesia.*

DOSAGE

- peros route of administration: 3-10 mg/kg.
Onset of action in 10-12 min. Average
duration of action up to 25-40 min. ***

- intramuscular route of administration: 4-5
mg/kg for adult, 6-8 mg/kg for children.
Onset of action in 3-5 min. Average
duration of action up to 30 min. Mean
recovery time about 90-150 min.

- intravenous route of administration: 1-2
mg/kg slowly over 1 min (to prevent
transient respiratory apnoea and enhanced
pressor response). Onset of action in 30-45
sec. Duration is about 7-15 min. Repeating
doses of 0.25-0.5 mg/kg can be given every
10 min as required or 30-90 pg/kg/min.
Mean recovery time is approximately 60-
90 min.

- pre-emptive analgesia: 0.15-0.25 mg/kg IV

Adjunctive medications

It still controversial because of controlled clinical
studies has not been performed.

Anticholinergic drugs (e.g., atropine) are often
administered with ketamine to prevent the
hypersalivation (antisialagogue effect) that occurs
in some patients. Dose of atropine is 0.02 mg/kg
with only needs to be given with the initial dose of
ketamine. Benzodiazepines (diazepam, lorazepam,
midazolam) are widely used along with ketamine in
order to reduce the incidence of the emergence
phenomenon, but it increases respiratory depression
and prolongs recovery; dose of diazepam: 0.015
mg/kg.

SIDE EFFECTS

nausea and vomiting

hypersalivation

laryngospasm

increased blood pressure and intracranial
pressure

VVVY

tachycardia

nystagmus

respiratory apnoea

emergence phenomenon (disorientation,
sensory and perceptual illusions, vivid
dreams, euphoria, excitement and fear).
This phenomenon occurs at up to 30%
patients. The presumed cause is that R (-)-
enantiomer has high affinity for sigma
opioids receptor.” Risk factors: age over 10
years, female sex, rapid IV administration,
prior personality disorders, excessive noise
or stimulation during recovery.”*

YVVY

CONTRAINDICATIONS

» hypersensitivity

» severe cardiovascular disease: unstable
angina pectoris, decompensated heart
failure, malignant arterial hypertension

» previous psychotic abnormality

» intra-ocular pathology: glaucoma, acute
globe injury

» high predisposition to laryngospasm or
apnoea: active pulmonary or upper airway
infection; age less 3 months, procedures
involving stimulation of posterior pharynx

» cerebral spinal fluid obstructive states:
severe head injury, space-occupying
lesionsin CNS, hydrocephalus

» full meal within 3-4 hours (increased risk of
aspiration)

INTERACTIONS

Inhalation anaesthetics: blocks the indirect cardiac
stimulating of ketamine

Halothane: decreased hepatic clearance of
ketamine, resulting to prolonged recovery
Benzodiazepines: increases sedative effects
Propofol: “ketofol”, strengthening of sedative and
analgesic properties®

Opioids: decreased opioids requirements
Non-depolarizing muscle relaxants: potentiation of
neuromuscular blockade.
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