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Abstract

Ketamine (2-(2-chlorophenyl)-2-(methylamino)-cyclohexanone), an anaesthetic derivative
of phencyclidine (PCP) with analgesic, neuroprotective and psychedelic properties, is an
unusual anaesthetic in its ability to produce a “dissociative” state. It is the action (antago-
nism) at NMDA (N-methyl aspartate) receptors that is thought to underlie ketamine’s quali-
ties. Whilst ketamine use in medicinal and veterinary settings is well documented and has a
good safety record, the increase in its unregulated use outside of such controlled environ-
ments is a cause for concern. In non-medicinal use, the stereo-selective kinetics and the
complex mechanism of action may lead to unpredictable effects. It is reported that the per-
ceptual and mood changes observed in those who have consumed ketamine are highly sen-
sitive to age, dose, route, previous experience and setting. At low doses stimulant effects
predominate and environmental conditions are significant, but with higher doses psyche-
delic effects become the primary experience. When used recreationally in sub-therapeutic
doses by inhalation (or insufflation) the alteration in perception of auditory, visual and pain-
ful stimuli result in a general “lack of responsive awareness” which puts the recreational
user at risk of personal damage which can go unrecognized. The recreational use of this
drug, the effects and potential risks associated with its unregulated use will be discussed.

Learning Objectives e Complex in its pharmacology, the isomeric form of

Ketamine  (2-(2-chlorophenyl)-2-(methylamino)-
cyclohexanone) is an anaesthetic derivative of
phencyclidine developed by Parke Davis laborato-
ries in 1962

Ketamine is a dissociative anaesthetic with analge-
sic properties and has a wide range of clinical appli-
cations and a wide margin of safety in overdose
Antagonism at NMDA (N-methyl aspartate) recep-
tors underlies ketamine’s analgesic, dissociative
and neuroprotective qualities

ketamine can exert a significant influence upon both
monoaminergic and glutaminergic neurotransmission
Ketamine, both acutely and chronically, may have
specific and yet wide-ranging effects on memory
systems

Acute doses impair episodic memory (processes
involved in retrieval and initial encoding of
information)

Ketamine has reinforcing properties when used
chronically and sequential use may in susceptible
individuals result in acute episodes of paranoia,
panic and psychosis

Recreational use of ketamine is now a global
phenomenon
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Issues that Need to Be Addressed by Future Research

e Investigations to explore acute cardio respiratory
problems especially when combined with other
(stimulant) drugs are necessary for prevention and
harm reduction initiatives with recreational users

e Investigating some of the relatively unique effects
of ketamine, for example on semantic memory, may
provide clues as to the neurochemical basis of
memory

* As a research probe in the study of schizophrenia,
ketamine has given increasing prominence to the
role of glutamate in the aetiology of this illness.
Further research should seek to unravel this role

e In relation to the cognitive effects of chronic ket-
amine use, future work should address the neuro-
anatomical and neurochemical correlates of such
impairments

* Future research into the long term consequences of
misuse might need to include investigation of
social-psychological as well as physiological
parameters

e Ketamine can be subjectively reinforcing to both
healthy volunteers and drug users. The addiction
potential of ketamine needs to be further explored

e Knowledge of the chronic use of ketamine is a pri-
ority as the drug has become a preferred choice for
many

e Systematic research is required to investigate ani-
mal evidence that indicates ketamine, as a NMDA
antagonist, may be a potent neurotoxin [1]

Medicinal Use

Ketamine (2-(2-chlorophenyl)-2-(methylamino)-
cyclohexanone) developed by Parke Davis laboratories in
1962 (Figs. 15.1 and 15.2) is an anaesthetic derivative of
phencyclidine (PCP).

Manufactured as a hydrochloride, ketamine has been uti-
lized effectively in several areas of medicine including pae-
diatrics, anaesthesia (pre-operative, emergency and high
altitude) [2], dentistry, obstetrics, battle-zones [3] and in the
management of neuropathic and cancer pain. It is one of
those rare anaesthetic agents that does not cause hypotension
and this benefit is used to best advantage in treating patients
with serious trauma and hypovolemic shock [4]. Ketamine is
also widely used in veterinary practice, particularly to sedate
large uncooperative animals at a distance, for example in the
case of free-ranging giraffes and gorillas [5, 6].
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Fig. 15.1 Chemical structure of Ketamine (RS)-2-(2-chlorophenyl)-2-
methylamino-cyclohexan-1-one)
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Fig. 15.2 Three dimentional structure of Ketamine (RS)-2-(2-
chlorophenyl)-2-methylamino-cyclohexan-1-one); white balls-hydrogen
atom; black balls-carbon atoms; red ball-oxygen atom; blue ball-nitrogen
atom; green ball-chlorine atom

Clinical Disorders Research Use

The psychotogenic and cognitive effects of ketamine have
led to the drug being used as a pharmacological model for
studying transitory schizophrenic-thought disorder in normal
subjects [7]. The state of dissociation achieved with ketamine
are thought to mimic the phenomenology of schizophrenia
[8] and reliably induce a psychosis like syndrome with cog-
nitive, negative and positive features [9, 10] This has led to
the so-called NMDA (N-methyl aspartate) hypothesis of
schizophrenia [11] which has been the subject of debate for
over 25 years [12]. Ketamine as with other drug models of
clinical disorders only has partial validity, mimicking some
but not other symptoms. For instance, acute ketamine admin-
istration is subjectively rewarding and produces euphoria,
phenomena not often associated with the illness [13]. The
similarity of the cognitive profile of an acute dose of ket-
amine with that observed in schizophrenia has been dis-
cussed in Fletcher and Honey’s review [14]. According to the
DSM-IV classification system a ketamine-induced psychosis
would best fit the criteria for the disorganized or the undif-
ferentiated subtype model of schizophrenia [15, 16].
Contemporary debate regarding the “ketamine (or NMDA-
hypo function) model” of schizophrenia [17] has concerned
itself with whether an acute dose of ketamine or chronic self-
administration provides the better model of the cognitive
deficits observed in schizophrenia in drug-naive volunteers.
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There are evidence-based arguments for both models [18-20].
Although no work exists as yet to indicate whether NMDA-R
up-regulation occurs in ketamine users, pre-clinical research
seems to support this view [21] as do observations following
repeated administration of the drug [22]. Meador-Woodruff
and Healy [23] suggest that similar up-regulation occurs in
schizophrenia. Thus, whilst not mimicking the aetiology or
acute phases of the disorder, the ketamine-abusing population
may still depict later functional changes.

Ketamine has been used as a probe to explore the potential
clinical importance of NMDA receptor antagonism among
the mechanisms underlying the subjective effects of ethanol
in humans [24]. There is a growing body of research which
indicates that alcohol acts in a similar way blocking glutamate
effects at the NMDA receptor in a non-competitive and con-
centration dependent fashion at alcohol concentrations associ-
ated with alcohol intoxication (5-100 mmol/L) in man [25].

Ketamine has also been shown to attenuate the develop-
ment of opioid tolerance and has been used as a research
probe in studies of the modulation of opioid neurobiology
[26]. Ketamine is thought to have a modulating effect on the
analgesic (p-opioid receptors) and dysphonic (kappa
a-receptors) opioid receptors binding to these with one-tenth
and one-fifth of its NMDA receptor affinity, respectively.
The opioid antagonist Naloxone therefore has only a limited
capacity to reverse the effects of ketamine and could not
reverse key effects in vivo [27]. In animal models, ketamine
and other NMDA antagonists such as methadone have been
demonstrated to inhibit the development and acquisition of
opioid dependence and tolerance [28], whilst small doses of
ketamine have been shown to prevent tolerance developing
acutely on repeated administration, of alfentanyl [29].

The use of ketamine as a research tool to study the
pathophysiology of psychosis and as a screen to evaluate
new drug action [29] has raised concerns in terms of the dis-
tress inflicted on patients. The potential for adverse events
and the serious long-term effects that might be induced by
the symptom-stimulating action of ketamine have led to the
view that such use is unethical. Work to investigate the ques-
tion of prolonged psychological effects as a result of the
administration of ketamine in controlled experiments in the
general population [30, 31] have however concluded that
there was no evidence for long-lasting events nor increased
distress [32, 33]. Safety aspects of the drug used in areas that
do not permit these controls is, however, poorly researched.

Recreational Use

The recreational use of ketamine was first reported in 1971 in
North America [34] linked by some to returning Vietnam vet-
erans who may have been exposed to the drug on the battlefield
[35, 36]. Intellectual hedonism popularized ketamine in the
1970s and 1980s, particularly in the United States and periodic
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reports of its misuse by healthcare professionals gradually
appeared [37, 38]. This was followed by a growing number of
reports of recreational use of the drug elsewhere, including in
the United Kingdom [39, 40], Sweden [41] and Australia [42].

Ketamine use was linked to the gay dance scene during
the early 1990s, with many users adhering to strict, carefully
pre-planned, set and setting rituals [43, 44] emphasizing
comfort and familiarity [45]. Its popularity as a recreational
drug has continued to grow especially among UK dance and
rave scene attendees. In a survey of club drug users in 1997,
32% reported having used ketamine [46]. A UK survey in
1999 reported a lifetime prevalence of use of 25% (n=1,100),
half of which used in combination with ecstasy. Prevalence
had increased to 35% in a similar population 1 year later [47]
and to 43% in 2004 [48]. Other surveys in Australia reported
an increase in “ever use” of ketamine from 6 to 15% between
1997 and 2001 [49, 50] and surveys of year-on-year trends
have reported similar findings [51]. Knowledge of the drug
has also grown: 31% of young people surveyed aged 11-14
and 50% of 15 year olds reported knowledge of ketamine
[45] and 0.8% of 1624 year olds responding to the British
Crime Survey had used the drug [51].

Seizures of ketamine intended for non-medical use have
increased over the last decade: in the US (Drug Enforcement
Administration 2001) by more than 500% [52], whilst in
Hong Kong in 2002, of all reported drug users under the age
of 21, 59% were using ketamine (greater numbers than
ecstasy) [53]. The use of ketamine as a street drug has been
recognized by the authorities and in 2006 ketamine was
registered as a scheduled drug in the UK. In North America,
possession of ketamine without a prescription had become
illegal in 1997, and was listed as a controlled drug
(Schedule IIT) in 1999. Ketamine use has grown exponen-
tially during the first decade of the new millennium [54]
recreational use of the drug is now a global phenomenon.

Ketamine: Sought After Effects

Ketamine is most frequently misused for its psychedelic
properties sometimes as a dance drug and sometimes to
“explore the mind” [55]. Used for recreational purposes
ketamine has been reported to be a collection of “paradoxes”
and has many effects that are associated with other sub-
stances: “cannabis-like imagery”, “alcohol-like intoxication”,

cocaine-like stimulation and opiate-like calming [56].

Ketamine Preparations/Route
of Administration

Ketamine can be purchased for recreational use in a number
of preparations but is used mainly in powdered or liquid form
or crystalline powder for intranasal use (Fig. 15.3).
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Fig. 15.3 Solution of ketamine
from a 10 ml ampoule drying
into crystals (a) and dried and
scraped onto a spoon for
intranasal use (b). Doses of
100—400 mg of the drug are
usual [54]

Ketamine for non-medical use may be smuggled into a
country from China and India where it is legally manufac-
tured [57], purchased entirely from legitimate medical sup-
plies [58], such as in Holland, Germany, France and Mexico
[40] or diverted directly from hospitals and vetinary clinics.
The illicit manufacture of ketamine is almost unknown
because it is very difficult to synthesize. Although those sell-
ing the drug for non-medical use reportedly add various
adulterants to make the drug go further. The particular brand
of pharmaceutical ketamine may make a difference to drug
effects beyond anecdotal reports. Ketalar contains a preser-
vative (benzthonium chloride, an anticholinergic agent) that
has a significant effect upon the brain and Astrapin’s ket-
amine-500 contains the toxic organic preservative chlorobu-
tanol, which has shown harmful effects in some animal
experiments [59].

In powdered form (Fig. 15.4), ketamine’s appearance is
similar to that of cocaine and the drug can be insufflated,
injected, or dissolved in beverages. It is an inexpensive drug
and can be purchased in the UK for between £6.00 and
£10.00 a gramme. It is also possible to smoke the drug in a
joint or pipe, usually mixed with marijuana and tobacco [60].
The smoke has a distinctive bitter taste but the onset of
effects sought after occurs much faster than when insufflated,
ingested or injected intramuscularly.

Oral use usually requires more drug, but results in pro-
longed effects due to the production of the inactive metabo-
lite nor-ketamine (see box below), which possesses sedating
effects; this route of administration is unlikely to produce a
dissociative state unless very high doses (>500 mg) are
ingested [61]. Ketamine has also appeared as a constituent of
tablets purporting to be ecstasy (special K), often in combi-
nation with drugs such as ephedrine.

The nasal route of administration of ketamine tends to be
favoured with users, snorting or inhaling lines (50—400 mg)
of a powdered formulation although ketamine has also been
produced as an intranasal spray (Fig. 15.3). There are some
reports of “freebasing” ketamine, produced by the removal
of benzthonimum chloride and salts from Ketalar to achieve
fewer unwanted side-effects.

Fig. 15.4 Ketamine hydrochloride (500 mg) powder [54]

There is wide variation in consumption patterns among
users with tolerant and experienced consumers reporting use of
1 g or more of ketamine over the course of an evening/weekend.
A standard street dose of ketamine in a Scottish study was
found to be much lower typically around 125 mg (*sg) [46],
whilst recreational users with low tolerance will experience a
mild “trippy” euphoria from a dose (a bump) of 10-30 mg.

Pharmacokinetics

Ketamine

e May be effectively administered medically by a
number of routes (oral, intranasal, intravenous,
intramuscular, intrathecal, intra-articular [62],
transdermal [63], rectal [64] and subcutaneously)
which all permit adequate absorption and excellent
bioavailability [9].

e Intranasal use is common amongst recreational
users, providing a rapid onset of action and an esti-
mated duration of action of 2-3 h [65].

e Is rapidly distributed to highly perfused tissues
(brain, heart and lungs).

(continued)
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(continued)

e Doses for intravenous analgesia are <1 mg/kg with
oral doses being much higher (100-500 mg).

e Has a short half-life and elimination is variable
depending upon the route of administration, but is
generally of the order of 1-3 h [66].

e Ketamine is metabolized and eliminated from the
body within 24 h.

o Effects following oral administration may be pro-
longed due to the presence of the active metabolite —
nor-ketamine, with anaesthetic potency approaching
one-third, that of the parent compound [67].

e Ketamine is mainly eliminated by hydroxylation as
conjugated metabolites, with <4% appearing in
urine as the parent compound or as nor-ketamine.

Optical Isomers of Ketamine

Ketamine is manufactured as a racemic mixture of two opti-
cal isomers (enantiomers), S(+)-ketamine and R(—)-ketamine
[68], with S(+) ketamine being twice as potent an analgesic
and a hypnotic as the racemic mixture (Fig. 15.5) [66].

The anaesthetic potency of S(+)-ketamine has been
observed to be three times higher than R(-)-ketamine. Its
higher anaesthetic potency and minor psychotomimetic side
effects suggests S(+)-ketamine may have a better therapeutic
efficacy when compared with the racemic form [68]. However,
the likelihood of ketamine being formulated in its S(+) form is
unlikely due to cost and difficulty of production.

Pharmacological differences exist between the enantiom-
ers of ketamine against several targets (transporter proteins)
of the drug [69]. In particular, it was found that S(+)-ketamine
binds with a 4-5 times higher affinity to the phencyclidine
(PCP) binding site of the NMDA receptor complex in the
human brain than R(-)-ketamine [70]. It was also found that
at sub-anaesthetic (recreational) doses, racemic ketamine
has a weak affinity for the sigma receptor sites, whereas
S(+)-ketamine binds only negligibly [71]. It has been specu-
lated that the occurrence of psychotomimetic effects results
from the higher affinity of R(-) ketamine to the sigma recep-
tor site [72]. However, studies with S(+)-ketamine in healthy

Fig. 15.5 Optical isomers of
Ketamine [54] (a) R-Ketamine;
(b) S-Ketamine
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volunteers indicate that S(+)-ketamine is more likely to be
associated with hallucinogenic effects than R(-—)-Ketamine
[73, 74]. This finding is conducive with the much higher
affinity of S(+)-ketamine for the NMDA receptor.

Since psychotomimetic effects are generally considered
to be caused by a relative excess of dopamine, it is possible
to consider that stereo-selective inhibition of dopamine
re-uptake might contribute to the ketamine-induced psy-
chotomimetic effects. However, the inability of haloperidol
to block these effects suggest other transmitters are involved
[75] and would imply that nor-epinephrine and serotonergic
systems are more strongly activated in those individuals
who have greater R(—) ketamine activity. The over stimula-
tion of nor-epinephrinergic and serotonergic pathways by
R(-) ketamine may have a contributory role in the adverse
effects observed in recreational users and in those who use
the drug for non-medical purposes during ketamine-induced
overdose. It has been postulated that the psychotomimetic
and sympathomimetic effects of ketamine are thus medi-
ated through this enhanced monoaminergic effect on the
brain [25].

Neurochemical Effects

The activity of ketamine is complex with multiple actions at
numerous receptor sites, particularly affecting glutaminer-
gic and monoaminergic neurotransmission. The most
significant pharmacological action of ketamine is the non-
competitive antagonist binding at the cation channel of the
NMDA receptor and consequent interference with excit-
atory amino acid transmitters—glutamate and aspartate
[76, 77]. Not only thought to underlie its analgesic and dis-
sociative effects, but action at the NMDA receptor is also
thought to be important in its effects on memory. Antagonism
at the NMDA receptor is thought to disrupt long-term poten-
tiation and synaptic growth, which are crucial in the devel-
opment of synaptic plasticity, learning and memory [78, 79].
Clinical studies also implicate glutamate in the mediation of
the dissociative symptoms of ketamine with acute adminis-
tration leading to a transient hyper-glutaminergic state [80].
Indeed the pre-administration of drugs that reduce gluta-
mate release partly negate the perceptual disturbances seen
with ketamine [81].
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Research has begun to address the relationship between
the modulation of other neurotransmitter systems by ket-
amine and its memory-impairing effects suggesting contri-
butions of GABA-ergic and DA-ergic effects, in addition to
the glutamatergic properties. Ketamine may then in part
produce psychotomimetic effects through an increase in
glutamate release that in turn acts on the AMPA subtype of
glutamate receptor in the prefrontal cortex to induce a
hyperdopaminergic state [82]. Ketamine can block excito-
toxicity (brain damage due to low oxygen, low sugar, epi-
lepsy, trauma, etc.) but it can also excite the brain at low
doses by switching off the inhibitory system. Why this is
not damaging in humans probably lies in the fact that ket-
amine binds to an increasingly wide range of different
receptors: As the dose level rises some of these receptors act
to shut down the excitement, by the time a potentially toxic
dose is reached, the “excitement window” has been passed
and the drug is starting to activate other systems that switch
cells off again. Hence ketamine’s promiscuity actually
improves its safety [83].

Pharmacodynamics

Recreationally ketamine has been reported to have the
advantage of being easy to administer: the clear dose
response effect and relatively short half-life making the
effects easier to titrate than LSD [36]. The spectrum of
effects has been reported to be reflected in the different
groups of users who choose ketamine for differing rea-
sons. For instance, communal events where individual or
small groups of users participate in sequential dosing over
the evening are preferred by some and may well evoke
different events to the over stimulation of a dance club
venue [84].

Ketamine

* Produces anaesthesia at doses of 5-10 mg/kg
(300-800 mg).

e With doses adequate to bring about anaesthesia,
produces a trance-like cataleptic state with amne-
sia, without impairment of laryngeal and pharyn-
geal reflexes or depression of respiration or cardiac
function [85].

e s able to produce potent analgesia at sub-
therapeutic concentrations.

e Produces dissociation at doses as low as 50-100 mg
[2, 86] typically, eyes remain open with a discon-
nected stare: The recreational drug user may appear
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to be awake but is dissociated from the environ-
ment, immobile and unresponsive to pain [87].

e Use may cause Nystagmus but this is not univer-
sally experienced [54].

e Induces with doses >150 mg a dissociation com-
monly referred to as the “K hole” —described as
detachment from one’s physical body (depersonal-
ization) [83], the external world (derealization) [88]
and from one’s immediate surroundings.

* Insufflated or injected may cause hallucinations
lasting about 1 h and up to 2 h when ingested [89].

e Hallucinations following a low dose are only expe-
rienced with closed eyes and in a darkened room
[90] but distortion of time and space is achieved
with mild dissociative effects.

e Has a wide margin of safety in overdose [2, 44].

e Is somewhat unusual, almost acting as a partial
antagonist with regard to brain reward enhance-
ments; being stimulatory at low doses and inhibit-
ing brain reward centres at higher doses.

* May produce problematic emergence phenomena
and other unpleasant experiences. These appear
maximal in early adolescence.

The characteristic most commonly associated with ketamine
is the cerebral “dissociative” state following anaesthesia
[86, 88]. It is the action at NMDA receptors that underlies
these qualities inducing a functional and electrophysiologi-
cal dissociation between the thalamoneocortical and limbic
systems [75, 76]. This is potentially hazardous outside
clinical settings with great risk of injuries being masked and
the risk of accidents increased.

Low Dose Administration

Ketamine may initially be thought of as an odd choice of
drug given its dissociating and immobilizing effects; how-
ever, the drug in fact produces a syndrome of effects in indi-
viduals who take sub-therapeutic doses in a recreational
manner. Reactions to low sub-anaesthetic doses illustrated in
a number of texts [91] describe disoriented perceptions and
the total loss of an observer consciousness. However, immo-
bility has been reported to be reduced by the concurrent use
of amphetamine, or cocaine. The symptoms of low dose ket-
amine intoxication appear to be short-lived and in line with
the pharmacokinetics of the drug. In a case series study of
North American ketamine users, 18 of 20 patients were
discharged from the Emergency Department within 5 h of
presentation [69]. The commonest complaints in these were
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symptoms of a stimulatory event (anxiety, chest pain and
palpitations) with tachycardia being the most common
finding following physical examination [92, 93].

The short duration of effect and rapid onset of action
when taken by intranasal or intravenous routes often leads
recreational users to administer repeated doses in order to
maintain a desired psychoactive effect. The amnesic proper-
ties of the drug may make it difficult to remember the total
number of doses consumed, increasing the likelihood of
prolonged intoxication. Indeed the acute amnesic effects
have been reported to be marked and subjects given ketamine
under experimental conditions have struggled to describe
their experience to researchers attempting to record the epi-
sode [94]. Johnston [95], who self-administered ketamine,
reported “cycling into and out of awareness—a frightening
experience”.

In laboratory settings one-off sub-anaesthetic doses of
ketamine have led to transient disruption of attentional per-
formance, impaired performance on tests of vigilance, rec-
ognition memory, verbal fluency, working, and episodic
memory. On tests of higher executive function such as the
Wisconsin Card Sorting Test, ketamine use led to an increase
in perseverative errors and preferentially disrupts delayed
word recall, sparing immediate recall and post-distraction
recall [10, 26, 96]. Dysfunction seen in episodic memory
(personal life event) is of particular note, since this highly
correlated with everyday memory difficulties [9, 97, 98].

Ketamine can leave the user in a confused state, since the
principal physical dangers of most non-medical use are
believed to arise mainly from the setting, or an interaction
between the user and the setting [37, 40, 55]. This can result
in falls (sometimes fatal), drowning, road traffic accidents
and becoming a victim of crimes such as sexual assault
[68, 99]. The likelihood of such incidences is enhanced when
the drug is consumed unwittingly when it has been marketed
under the guise of another drug such as ecstasy [100, 101] or
as a spike in a beverage.

High Dose Administration

The perceptual and mood changes observed in those who
have consumed ketamine are, as with other effects, highly
sensitive to age, dose, route, previous experience (expecta-
tions, personality, motivation and mood) and setting (social,
physical and emotional environment) [101-104]. The collec-
tive term for the myriad of experiences associated with the
use of higher doses of ketamine is known as the “K hole”
[105]. Users may feel as though their perceptions are located
so deep inside the mind that the real world seems distant
(hence the use of the word “hole” to describe the experience).
Reported experiences are wide ranging and have included
emergence and toxic effects such as out-of-body experi-
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ences, temporal and spatial distortion, a sense of floating,
rebirthing and experiencing evolution, and sudden insights
into the meaning of existence, as well as tactile and visual
distortions and hallucinations [40, 55].

Sometimes the “K hole” can reproduce the features of a
“near-death” experience, including buzzing/ringing/whis-
tling sounds at the beginning, travel through a dark tunnel
into light, at a high speed, with intense visions [106]. Users
may experience worlds or dimensions that are ineffable, all
the while being completely unaware of their individual iden-
tities or the external world [56, 87, 107]. Some users may not
remember the “K-hole” experience after regaining con-
sciousness, in the same way that a person may forget a
dream. The “re-integration” process following intoxication
is slow, and the user gradually becomes aware of surround-
ings. At first, users may not remember their own names, or
even know that they are human, or what that means.
Movement is extremely difficult, and a user may not be
aware that he or she has a body at all.

Ketamine Dependence

Ketamine demonstrates reinforcing efficacy in animal self-
administration models and is found to be a discriminative
stimuli in operant tasks [108, 109], with the ability to release
dopamine within the reward pathway [110]. Heavy habitual
use has been described [111], and cases of dependence have
been reported among anaesthetic staff [112, 113]. Heavy
users report a rapid increase in tolerance with extended use
and “a line” (when snorted) which might leave a naive user
passed out may have no effect on a more experienced user.
It is not known how long it takes to become dependent, or the
risk factors that influence this eventuality.

Historical data on the long-term consequences of ket-
amine use has been difficult to collect due to limited access
to those using ketamine as a drug of choice. Early reports in
social users of ketamine record prolonged “psychic” phe-
nomena occurring for periods of up to 1 year [1, 114] includ-
ing “flashbacks”, attentional dysfunction, anxiety, and
decreased sociability following nasal, intravenous or intra-
muscular use of the drug [115]. However, flashbacks reported
following repetitive use [65], may only be “a graininess of
vision” under anxiety provoking circumstances [116]. Long-
term users also reportedly experience stimulant-like weight
loss and loss of appetite during periods of heavy use.

Chronic intravenous use by the American psychiatrist
Lilly [117] led to several admissions for paranoid psychosis;
self-reported attentional difficulties and social withdrawal.
Employment problems have also been reported in survey
respondents, linked to vagueness affecting work performance
[48, 49]. Conversely, however, some report positive long-
term effects such as chronic elevation in mood, and deeper



208

insights into one self and others [65]. Long-term users report
“K-Pains” or “Ketamine cramps” the exact cause of these are
unknown but seem to relate to extreme pain in the lower
abdomen. Symptoms include an increased need to urinate,
passing blood in urine, leakage of urine and pain on urination
[118]. In a case study, Colebunders [119] found cystitis fol-
lowing recreational use of ketamine, and more recently
abdominal pain and lower urinary tract symptoms were
reported as common in ketamine users presenting at emer-
gency departments in Hong Kong [120].

Overdose

The most frequent complications reported following ket-
amine overdose were severe agitation and rhabdomyolysis.
In an Australian study, which surveyed 100 lifetime ket-
amine users, many reported regularly experiencing an inabil-
ity to speak, blurred vision, lack of co-ordination and
increased body temperature [48, 49]. It is reported that
sequential dosing, variations in purity, intravenous route, tol-
erance and the amnesic effects of the drug (which may impair
recall of total dose consumed) could result in acute episodes
of paranoia, panic and psychosis [121]. A study of ketamine
anaesthesia in over 300 subjects identified premorbid ano-
sognosia and paranoia (as assessed with MMPI) as risk fac-
tors for experiencing psychotic disorders after ketamine
administration [122].

Summary

Ketamine is a dissociative anaesthetic with a wide range of
clinical applications and a wide margin of safety in overdose.
The marked perceptual and cognitive psychedelic effects of
ketamine have led to a global rise in prominence in the recre-
ational drug scene. Somewhat complex in its pharmacology,
ketamine effects are dose dependent and somewhat unusual,
almost acting as a partial antagonist with regard to brain
reward enhancements; being stimulatory at low doses and
inhibiting brain reward centres at higher doses [1]. Acutely
there is significant disturbance in semantic and episodic
memory as well as in attention and higher executive func-
tioning. Acute adverse psychological reactions may also
occur and many regular users report “grainy” flashbacks fol-
lowing consumption of ketamine. Chronic use has been asso-
ciated with acute cardio respiratory problems especially
when combined with other (stimulant) drugs and may lead to
accidental injury. Numbers involved in habitual use have
grown significantly during recent years. Its future as a novel
clinical and research tool is matched; it would appear, by its
abuse potential outside medical settings.

K. Wolff
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