DEPRESSION AND ANXIETY 33:718–727 (2016)

Review
A REVIEW OF KETAMINE ABUSE AND DIVERSION
Sean Sassano-Higgins, M.D.,1,2 ∗ Dave Baron, D.O.,1,2 Grace Juarez, M.D.,1,2 Neevon Esmaili, M.D.,2
and Mark Gold, M.D.3

Ketamine was discovered in the 1960s and released for public use in 1970. Originally developed as a safer alternative to phencyclidine, ketamine is primarily
used in clinical settings for analgesia and sedation. In recent years, other uses
have been developed, including pain management and treatment of asthma and
depression. Clinical use of ketamine causes dissociation and emergence delirium.
These effects have led to recreational abuse. Although death from direct pharmacologic effects appears rare, the disinhibition and altered sensory perceptions
caused by ketamine puts users at risk of environmental harm. Ketamine has
also been implicated in nonconsensual sexual intercourse. Data continue to build
that chronic ketamine use may lead to morbidity. Impairment of memory and
persistent dissociative, depressive, and delusional thinking has also been reported
with long-term use. Lower urinary tract symptoms, including cystitis have been
described. Gastric and hepatic pathology have also been noted, including abnormal liver function tests, choledochal cysts and dilations of the common bile duct.
S-ketamine, an enantiomer in racemic ketamine, has been shown to be hepatotoxic in vitro. Abstinence from ketamine may reduce the adverse effects of chronic
use and is considered the mainstay of treatment. Specialized urine drug testing
may be required to detect use, as not all point of care urine drug screens include
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Ketamine,

INTRODUCTION

an arylcycloalkylamine with the chemical formula of 2-(2-chlorophenyl)-2-(methylamino)cyclohexanone, was originally developed as an anesthetic
agent in 1962 and was released for public use in 1970.[1]
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Ketamine is a derivative of phencyclidine (PCP), and
due to potential for abuse, became a Schedule III controlled substance in 1999. Low dosage use produces
changes in mood, body image, and hallucination. The
purpose of this paper is to review the pharmacology,
therapeutic use, adverse effects, and recreational abuse of
ketamine.
Ketamine is a dissociative anesthetic. The term dissociation was originally used in reference to the drug’s
effective disconnection of the thalamo-neocortical and
limbic systems.[2, 3] However, dissociation has now become a term used to describe the feeling of disconnect
of the mind from the body in those administered the
drug.[4, 5]
Ketamine is approved by the United States Food and
Drug Administration for the induction and maintenance
of anesthesia. Ketamine induces analgesia, sedation, and
amnesia, but has minimal impact on the cardiovascular
or pulmonary system.[6] In clinical settings, ketamine is
usually administered by intravenous or intramuscular injection, and is a useful medication in surgical procedures
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or for analgesia when cardiovascular or pulmonary concerns are present.[2, 3, 7] Ketamine has also been used
as a preoperative agent for anxiety reduction and to
facilitate induction of general anesthesia in various
procedures.[8, 9] Unlike other medications used for pain
and sedation (e.g., opiates or benzodiazepines), once
the dissociative threshold is reached, administration of
additional ketamine typically does not lead to further
sedation,[10, 11] although death has been known to occur
at very high doses.[12] Dissociation from ketamine typically appears in adults at single doses of 1–1.5 mg/kg
intravenously or 4–5 mg/kg intramuscularly.[13]
One of the main factors limiting clinical use of ketamine is an emergence delirium, consisting of hallucinations and an altered sensory state.[14] This symptom
constellation was reported during the ﬁrst human volunteer trial,[15] and the incidence of emergence delirium
may be as high as 30%.[13] Use of benzodiazepines has
been shown to reduce the emergence reaction.[16] Transient diplopia secondary to rotary nystagmus, as well as
transient blindness, have also been reported as adverse
effects of clinical use of ketamine.[17]
Recreational misuse of ketamine began in approximately 1971,[18] with increased reports in the 1990s.[19, 20]
Recreational use started in the United States and then
spread to international locations, largely following the
“rave” culture.[1, 5, 21] Ketamine abuse rose to prominence in the 1980s as a “club drug” and also due to use
in drug-facilitated sexual assault.[22] Street names for ketamine include, among others, special K, jet, cat valium,
vitamin K, K-hole, Kit Kat, and liquid E.
The emergence delirium that limits the clinical use
of ketamine is the same effect that has led to recreational misuse. In subanesthetic doses, ketamine causes
an altered “psychedelic” state of mind, resembling
schizophrenic psychosis.[23, 24] Psychoactive effects of ketamine include hallucinations, synesthesia, pronounced
derealization and depersonalization, alterations in bodily
perceptions, impairments in proprioception, and preoccupation with unimportant sounds.[25] At higher doses,
users may become “lost in the K-hole,” a term used to
label the pronounced depersonalization “out of body”
experience, involving a loss of sense of space and time.
The recreational user may experience the undesirable
effects of anxiety, impaired memory, poor attention, impaired verbal ﬂuency and perseveration, emotional withdrawal, disorganized speech, slurred speech, blunted affect, paranoia, ideas of reference, and unusual thought
content.[26–29] Chest pain, palpitations, tachycardia, temporary paralysis, and blurred vision have also been known
to occur with recreational use.[30, 31]
Ketamine was initially only obtainable in the
commercially available aqueous (injectable) form,
but is now available illicitly in capsules, powder, crystals, and tablets.[21] Tablets have been
found to contain several adulterants: pseudoephedrine,
caffeine, amphetamine/methamphetamine, and 3,4Methylenedioxymethamphetamine (MDMA).[32] Ketamine is also an occasional adulterant of MDMA.[33]
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Recreational ketamine use is commonly part of polysubstance use, and ketamine is often taken together with
other club drugs, alcohol, and/or stimulants.[34]
According to the Drug Enforcement Agency (DEA),
ketamine powder is usually snorted, smoked, or added
to a beverage, while liquid ketamine is injected, applied
to a smokeable material or consumed in drinks. The
most popular method of recreational ketamine use is insufﬂation of the powder form,[35] which is produced by
dehydrating ketamine solution. The prevalence of recreational use of ketamine worldwide is unknown, but studies suggest a lifetime incidence ranging from 0.1% in the
United States to 4% in the United Kingdom.[36–39]

KETAMINE
PHARMACOKINETICS AND
ROUTES OF ADMINISTRATION
The intravenous, intramuscular, nasal, and oral route
of ketamine administration all lead to fairly rapid
absorption.[3, 40] Intravenous administration of ketamine
results in an onset of action within 30 s. Intramuscular
administration of ketamine results in a similar onset of
action, and has a bioavailability that may be as high as
90%.[41] Intranasal use of ketamine is common among
recreational users, and this route is associated with a
rapid onset of action.[18] Nasal administration bioavailability is approximately 50%.[42]
Onset of effect is much slower with oral administration, with plasma concentrations becoming detectable approximately 30 min after administration.[43]
Peak plasma concentration is estimated to be 20%
of that observed with equivalent doses administered
intramuscularly.[26] Bioavailability is low with oral administration (20%), primarily due to extensive ﬁrst pass
metabolism.[43, 44] There is individual variability in the
oral absorption of ketamine, which can lead to poor
anesthesia when used therapeutically and adverse effects
when used recreationally.[45]
Ketamine is predominantly eliminated by liver
metabolism and elimination half-life is approximately
2.5 hr.[46] Ketamine is highly lipid soluble, and has a short
distribution half-life of 10 min,[46] as it is quickly distributed to areas with high blood perfusion, such as the
brain.[3] Ketamine is metabolized by cytochrome P450
CYP2B6 and the majority is eliminated from the body
within 24 hr. However, active metabolites exist and may
cause prolonged effects.[47, 48]

KETAMINE
PHARMACODYNAMICS
Ketamine is a noncompetitive antagonist of the
NMDA glutamate receptor. The NMDA receptor mediates sensory input at the spinal, thalamic, and cortical levels, and moderates emotional responses, learning,
and memory.[7] Dopamine, norepinephrine and serotonin levels may also be increased by ketamine.[49, 50] The
analgesic effects of ketamine appear to be, at least in part,
Depression and Anxiety
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mediated through opioid receptor agonism,[51] and a
state of cross-tolerance to morphine in an animal
model has been demonstrated.[52] Norketamine, the
main metabolite of ketamine, may play a large role in
analgesia and the antagonism of the NMDA receptor.[53]
Effects of recreational ketamine use appear to be inﬂuenced by age, route of administration, setting, and
previous experiences with ketamine.[54–56] Stimulant effects are present at low doses, with psychedelic effects
occurring as the dose escalates.[57]
Ketamine is a mild respiratory depressant. However,
at recreational doses, it is unusual for respiratory effects
to occur. Although effects on the cardiovascular system
are minimal with clinical doses, at doses used by recreational users, ketamine may increase heart rate, cardiac
output, and blood pressure.[3] Tachycardia is the most
common presenting sign in ER visits by recreational
users,[30] and the stimulatory effects on the cardiovascular system may have implications for recreational users
with cardiac issues or hypertension.
The risk of death from ketamine overdose is low, as ketamine has a wide therapeutic range. The median lethal
dose (LD50) in animals is 100 times the average therapeutic intravenous dose.[58] The main concern with acute
ketamine use is the reduction of the user’s awareness and
monitoring of their physical environment.[19] Ketamine
causes perseverative errors and word recall, indicating
disruptions in executive functioning.[23, 27] Worsening
the risk of accidental harm is the lack of coordination,
temporary paralysis, and blurred vision associated with
recreational ketamine use.[59] Trafﬁc accidents, drowning, and hypothermia through prolonged environmental
exposure are noted as potential causes of harm to users.[5]

KETAMINE FOR DEPRESSION IN
COMPARISON TO ABUSE
For the treatment of depression, the intranasal, intravenous, intramuscular, and oral routes of ketamine
administration have been utilized.[60–75] Administration
via these routes has been shown to be safe and well tolerated in clinical settings. Repeated ketamine infusions
have also been used safely for the treatment of depression
in clinical settings,[64–69] however, the safety of chronic
therapeutic use remains somewhat unclear. A review of
the typical dose of ketamine for the treatment of depression is presented below to provide a comparison with the
doses used in abuse.
Most studies have focused on a single 0.5 mg/kg infusion of ketamine (e.g.,[70] ). These studies have found a
rapid, although transient, antidepressant response. Use
of multiple infusions of ketamine has been examined as a
potential strategy to sustain the antidepressant response.
The most common schedule of multiple intravenous administrations involves 0.5 mg/kg of ketamine infused
over 40 min, three times per week (Monday, Wednesday, and Friday), for a total of six administrations. This
strategy has demonstrated rapid reduction of depressive
Depression and Anxiety

symptoms (e.g.,[65] ). However, the antidepressant effect
appears to diminish shortly after discontinuation of infusions.
Case reports found two intramuscular doses of
0.5 mg/kg of ketamine, administered 3 days apart, resulted in rapid improvement of depression, although it
is unclear how long these effects were maintained.[71]
A case report of intranasal administration involved
4 months of twice-weekly administration of ketamine
50 mg.[73] Depressive symptoms were reported to improve by day 3, and were sustained during the course of
treatment.
A 14-day trial of oral S-ketamine 1.25 mg/kg as an
augmenting strategy for concurrent antidepressant therapy showed potential beneﬁt in a case series of four
patients.[75]
When used for the treatment of depression, adverse
effects appear minimal, but generally include dizziness,
blurred vision, headache, nausea vomiting, dry mouth,
poor coordination, poor concentration, restlessness, and
dissociation.[70] More serious adverse effects of hypertension, tachycardia, and asymptomatic premature ventricular contractions,[70, 74] as well as bradycardia and
hypotension[74] have been reported.
The mechanism of antidepressant response with ketamine does not appear to be solely due to its sedative effect, as ketamine was found to outperform midazolam for
treatment-resistant depression.[70] It has been suggested
the dissociative effects of ketamine may mediate antidepressant response. Higher levels of dissociation during
ketamine administration have been associated with improvement in depressive symptoms.[76] The “mystical”
effects of ketamine may also mediate ketamine efﬁcacy
for cessation of cocaine use.[77] It has also been hypothesized that restoration of neural networks may be responsible for the efﬁcacy of ketamine for treatment of cocaine
dependence.[78]
When ketamine is used recreationally, intranasal insufﬂation appears to be the most common route, but the
intravenous, subcutaneous, intramuscular, and oral route
(often in combination with other substances such as LSD
or methamphetamine) are also frequently used.[30, 59]
Doses of ketamine administered in abuse are significantly higher than those used in depression. When
abused, ketamine doses appear to typically range from
100 to 200 mg per dose, with abusers often using multiple doses in a single day to extend intoxication.[30, 56, 59]
It is important to note that oral and intramuscular use of
ketamine results in unpredictable serum levels,[61] which
has possible implications for overdose in recreational
use.

OTHER THERAPEUTIC USES OF
KETAMINE
PAIN

As stated earlier, ketamine has use as a dissociative anesthetic, with a major advantage being lack of
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respiratory suppression. Ketamine administration may
reduce the need for opioids in patients with
musculoskeletal trauma and improve chronic pain
symptoms.[79] However, the long-term tolerability and
efﬁcacy of ketamine is not well known.[80] Dosedependent adverse effects of ketamine in short-term use
for pain include hallucinations, nightmares, and visual
disturbances.[79] Ketamine may be particularly useful in
cases of comorbid depression and pain.[81]

PERIOPERATIVE SEDATION
Ketamine is often used for procedural sedation in children and adults. Nausea, hypertension, and tachycardia
are the most common side effects.[82, 83] Ketamine administered preoperatively has analgesic effects that outlast the duration of procedural sedation, which is associated with reduced postsurgical pain.[79] Perioperative
use of ketamine is associated with less pain postsurgery,
but is not routinely recommended.[79, 84] Case reports of
ketamine abuse in anesthesiologists exist, although the
actual incidence of abuse in this group is unknown.[85, 86]

ASTHMA
Ketamine has bronchodilator properties and may have
applications for use in asthma. The use of ketamine in
asthma remains controversial due to the lack of studies supporting its use, but may have utility in status
asthmaticus cases unresponsive to conventional ﬁrst-line
agents.[87] Ketamine has been safely used as an anesthetic
agent intraoperatively and postoperatively for analgesia
and sedation in asthma patients.[87]

LONG-TERM EFFECTS OF
KETAMINE USE
COGNITIVE DEFICITS

The sequelae of long-term ketamine use are unclear,
but appear to include schizophrenia-like symptoms of
cognitive impairment in working memory and longand short-term memory.[88, 89] Persistent dissociative,
depressive, and delusional thinking have also been reported with long-term use.[88, 89]
TOXICITY TO THE URINARY SYSTEM

Studies have reported lower urinary tract symptoms
in approximately a third of chronic ketamine users.[90–94]
Speciﬁc symptoms include dysuria, suprapubic pain, and
painful hematuria. The ﬁrst report of these symptoms
was described in a 2007 case series of nine ketaminedependent patients who exhibited urinary frequency and
urgency, dysuria, hematuria, and urge incontinence.[95]
Computed tomography imaging of the bladder was performed on one patient in this case series, with the ﬁnding
of severe bladder inﬂammation. Cystoscopy of all nine
patients showed severe ulcerative cystitis. Seven patients
were administered pentosan polysulfate, a medication to
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supplement the gylcosamnioglycan layer of the bladder,
which was associated with improvement of symptoms.
Abstinence from ketamine was also associated with improvement of symptoms.
The exact mechanism as to how ketamine causes
bladder injury is unknown. These symptoms are possibly explained by ulcerative cystitis[95] and/or obstructive nephropathy.[96] It is possible that the pathophysiology of ketamine cystitis is more complex and may
involve several pathways, including direct toxic damage to the cells of the bladder, bladder wall barrier
dysfunction, neurogenic inﬂammation, IgE-mediated
inﬂammation and hypersensitivity, carcinogenesis, cell
apoptosis, and nitric oxide synthase-cyclooxygenase
mediated inﬂammation.[97] Adulterants of recreational
ketamine have also been hypothesized as causes of
cystitis.[95]
Despite increasing knowledge regarding ketamine’s
effect on the urinary tract, the treatment of ketamine
cystitis largely focuses on symptom management. The
consensus is the treatment most effective is cessation
of ketamine use, which is recommended as the ﬁrstline strategy.[97–99] However, some damage appears irreversible with abstinence alone, including collagen
accumulation, contraction in the bladder, thickened
bladder walls, and hydronephrosis.[100] Treatment with
anticholinergics, urothelium protective agents, nonsteroidal anti-inﬂammatory drugs, steroids, and botulinum injections could be helpful in preventing further disease progression for these patients.[98] Surgical
interventions for more advanced cases are indicated,
particularly cases involving damage to the ureters and
kidneys.[100]
TOXICITY TO THE GASTROINTESTINAL
SYSTEM

Regular ketamine use is associated a phenomenon
known as “K cramps,” consisting of symptoms ranging
from vague abdominal pain[5] to intense, colicky abdominal pain.[98, 101] The etiology is unknown, but gastric and
hepatic pathology have been noted, along with abnormal
liver function tests, choledochal cysts, and dilations of
the common bile duct.[96, 102–105] Heavy ketamine users
may perpetuate symptoms by ingestion of additional ketamine to alleviate abdominal pain. S-ketamine, an enantiomer in racemic ketamine, has been shown to be hepatotoxic in vitro.[102]
In a large study of emergency department presentation
of ketamine users in Hong Kong, 21% of users reported
abdominal pain as one of their symptoms, with 16% exhibiting abnormal liver function laboratory results.[101]
In another study, ketamine-related fusiform dilation of
the common bile duct was found on imaging in 18 out
of 26 patients (69%). The degree of dilation of the common bile duct was positively correlated with duration of
ketamine abuse.[106] Ketamine may adversely affect the
liver by direct toxicity to parenchymal cells, resulting in
bile duct damage.[107] Impairment of the smooth muscle
Depression and Anxiety

722

Sassano-Higgins et al.

of the sphincter of Oddi may also be responsible for bile
duct dilation.[107] Cessation of ketamine use potentially
reverses the bile duct and liver injury in these patients.[98]
NEUROBIOLOGY OF KETAMINE REINFORCING
EFFECTS

It is unclear why dissociative substances are addictive. Animals will self-administer ketamine,[108] as well
as other NMDA antagonists, such as PCP[109] and
dextromethorphan.[110] The pleasant sensations resulting from the dissociative effects of ketamine may be the
primary mechanism through which ketamine reinforces
use. It is also plausible that, in those with negative emotional states, ketamine may be reinforcing by providing
a temporary relief.[7]
Dopamine activity is increased with ketamine administration.[111–113] The exact mechanism of dopaminergic
effects of ketamine is unknown, but may be due to release
of dopamine from storage sites.[114] This dopaminergic
effect may be responsible, at least in part, for the euphoric
and addictive potential of ketamine.
Several studies indicate that opioid receptors are also
involved in the pharmacological effects of ketamine.[115]
As discussed earlier, the analgesic effect of ketamine
may largely be attributed to agonism of mu opioid
receptors,[51] which is also the receptor believed to be
responsible for the reinforcing effects of opiates. The
NMDA system has been found to have strong interactions with the opioid system in animal models,[116] and
potentially has a role in preventing opiate withdrawal.
This suggests ketamine users may continue administration to prevent symptoms of withdrawal.[117]

KETAMINE TOLERANCE AND
DEPENDENCE
Ketamine tolerance has been demonstrated in
animals[118, 119] and humans,[120] and is evidenced by the
need to administer increasing amounts to achieve the
same effect.[121, 122] Ketamine tolerance may be due to
induction of liver enzymes[89] and neuronal adaptations
resulting in decreases in sensitivity.[98]
WITHDRAWAL

There is limited evidence for a speciﬁc physiological withdrawal syndrome after cessation of ketamine
use, and to date, there is no speciﬁc ketamine withdrawal syndrome that has been described. A case report
of a patient whose daily dose of ketamine reached up to
4 gm described withdrawal symptoms including irritability, tremulousness, intense sweating, restlessness, fragmentary sleep, frightening dreams, and intense cravings following 2 hr of abstinence from ketamine.[123]
However, another case report of an individual with a
5-year history of up to 3 gm of ketamine use per day
reported a complete lack of withdrawal symptoms after cessation of use.[124] A large Taiwanese study (n
= 1,614), reported gender differences in discontinuaDepression and Anxiety

tion symptoms, with female users presenting with more
discontinuation symptoms than males. Speciﬁc discontinuation symptoms included anxiety, dysphoria, and
tremors.[125]
GLOBAL USE PATTERNS

There have been apparent increases in recent years
in the illicit use of ketamine as a drug of abuse (party
drug) globally. Although most of the extant literature is
based in the United States, reports for abuse have been
published in Australia, Italy, United Kingdom, China,
Southeast Asia, and Eastern Europe.[20, 126–130] The clinical pattern of use, and demographics of abusers, is similar
to those described in the United States. Ketamine use is
not as widespread as other abused drugs, such as cocaine
and heroin, but is a drug of choice in party settings. Its
shorter duration than PCP, and more rapid metabolism,
has resulted in a use pattern more commonly seen in
speciﬁc settings (parties) than in daily abuse. In reviewing the global literature, it appears as though ketamine
addiction is low overall, but episodic use may be increasing. Accurate reporting of use is challenging, and is often
related to sexual assaults which take place when someone is under the inﬂuence and acutely intoxicated. More
coordinated research is needed internationally to better
understand the current state of the problem, and develop
prevention strategies focused on at risk populations.
KETAMINE DIVERSION

The age of ketamine users in the population ranges
from adolescent to adult. Although it is often difﬁcult to
obtain accurate numbers on illicit drug use in the general population, studies have been conducted to try to
determine the prevalence of illicitly used ketamine. The
United States DEA, using the 2011 Monitoring the Future study, reported the annual use of ketamine among
8th, 10th, and 12th graders to be 0.8, 1.2, and 1.7%,
respectively. At follow-up 1 year later, 12th graders use
of ketamine decreased to 1.5% (no data were provided
for 8th and 10th graders).[131] Bokor and Anderson[35]
reported the prevalence of ketamine use in college students was 0.4% in 2012, decreased from 1.3% in 2002.
In young adults, they noted the prevalence in 2012 to be
0.8%, lower than the previously reported 1.2% in 2002.
The American Association of Poison Control Centers
reported 220 exposures to ketamine in 2011, of which
121 were solely due to ketamine, but none of which resulted in fatality.[132] However, the Florida Department
of Law Enforcement did report ﬁve deaths in 2011 attributed, in part, to ketamine.[133] The number of deaths
due to ketamine increased the following year to eight
(data are from January 2012 to June 2012).[134] In 2010,
ketamine exposure was considered a factor in 915 emergency department visits. In 2011, this ﬁgure rose to 1,550
visits.[135]
Ketamine abuse is not limited to North America.
A 2010 study[101] reviewed 233 emergency department
cases in Hong Kong, ﬁnding ketamine was the most
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commonly abused drug by persons under the age of 21
in 2005. In 2008, 85% of all drug abuse emergency department visits had ketamine as at least a component, up
from 65% in 2005. Of all cases of drug abuse entering
the emergency department, ketamine abuse represented
16% from July 2005 to December 2005, rising to 40%
from January 2008 to June 2008.
Li et al.[136] report the prevalence of ketamine abuse in
Indonesia to be 1.8% of high school students and 1.1%
of workers/laborers. In Taiwan, among people between
the ages of 12–64 years old who had reported using drugs
recreationally, ketamine abusers ranked third (22%) behind amphetamines and MDMA. These data demonstrate that ketamine abuse is a global problem.
The distribution of illicit compounds is often very
difﬁcult to track, as multiple sources usually exist. According to the DEA, Mexico is a major global supplier
of illicit ketamine.[137] In September of 2002, the DEA
and Mexican law enforcement succeeded in dismantling
the major drug ring supplying illicit ketamine to the
United States. Another major bust, in November 2005,
involved a widespread illegal drug distribution organization operating throughout Los Angeles, Riverside, and
Orange counties of California. International distribution
and sales are not limited to Mexico and the United States.
In April 2005, an international illegal drug distribution
organization was found to be smuggling ketamine from
India into the United States. The drug bust resulted in
seizing 108 kg of ketamine, with a street value of $1.62
million.
Despite its classiﬁcation as a Schedule III nonnarcotic
substance in 1999 by the FDA, the current rise of ketamine abuse has highlighted the concern of its overall
safety. Although deaths from ketamine abuse are low,
they do exist, particularly when used in combination with
other illicit drugs. Limited research has been conducted
examining drug–drug interactions with ketamine and
other drugs of abuse. Ketamine has potential promise
for the use as an antidepressant. However, it is important to recognize its potential for diversion, particularly
in high-risk populations.

OTHER NMDA ANTAGONISTS
OF ABUSE
Most newer synthetic drugs of abuse can be classiﬁed according to their chemical structure and/or based
on their clinical effects as either primary stimulant,
entactogenic, or hallucinogenic, although most drugs
have a combination of such effects.[138] Designed dissociative anesthetic substances such as diphenidine and
methoxphenidine have similar activity as PCP, ketamine,
methoxetamine, and dextromethorphan.[139] They act as
antagonists of the NMDA receptor and have emerged
on the recreational drug market for their mind-altering
effects.[140] The emergence of these new designer drugs
poses a threat to the society. Although they are derivatives from previously known compounds, often their
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metabolism and clinical effects are not entirely similar to the parent compound.[141] It has also been documented that recreational drug users often combine different types of drugs, which further complicates acute
management, clinical symptoms, and toxicity.[142]

CONCLUSION
Ketamine was introduced as an anesthetic many years
ago, but has found a place in clinical use beyond sedation
and pain management. Ketamine also shows promise
for the treatment of depression that has been resistant
to typical treatment strategies. The short-lived effects
of a single ketamine administration leave the question
of how to maintain antidepressant response. Although
rare, clinical use can result in serious adverse consequences, including death. Unfortunately, ketamine has
also been discovered by substance users. Clinicians need
to be aware of the potential for harm when ketamine
is abused recreationally and counsel those at risk about
potential harm. Signs of recreational ketamine abuse
may include cognitive, genitourinary, and gastrointestinal dysfunction. Ketamine is not included in the standard point of care urine toxicology screen, but is offered
in expanded point of care urine toxicology and conﬁrmatory urine drug screens. If use is suspected, clinicians
should provide counseling on these risks and offer the
same substance abuse treatment recommended for those
with other substance use disorders.
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