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Abstract:

Ketamine has been around since the 1960s, providing
analgesia, amnesia, hypnosis and has been used to treat
acute pain, chronic pain, acute on chronic pain,
neuropathic pain, refractory head pain, depression, and
post-traumatic stress disorder (PTSD).

Depression, posttraumatic-stress disorder, and chronic
regional pain syndrome (CRPS), can all be extremely
debilitating pathologies from a functional, emotional, and
spiritual perspective. The mind, body, and spirit are all
interconnected, and play a crucial role in the management
of these medical conditions. Though oral medications
have been used as a mainstay therapy, there can be some
limitations  with  achieving  therapeutic  effects.

Ketamine is a mixture of R-ketamine and S-ketamine,
each demonstrating unique qualities in aiding treatment.
Additional metabolism of R-ketamine and S-ketamine has
resulted in distinctive metabolites providing treatment for
depression, suicidal ideations, and complex regional pain
syndrome. Intravenous ketamine administration has
provided therapeutic effects for headaches refractory to
standard therapy.

The utilization of ketamine continues to evolve and
continues to provide beneficial clinical treatments, with
limited side effects.

Keywords: Ketamine, Depression, Post-Traumatic Stress
Disorder, Complex Regional Pain Syndrome, Chronic
Headaches, Migraines
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Introduction:

Ketamine is a unique anesthetic agent
providing analgesia, amnesia, and hypnosis,
while having minimal respiratory depressant
effects. It belongs to an exclusive drug class
with extensive pharmacodynamic effects
and there are no agents possessing all of
those desirable properties. Ketamine was
first produced in the 1960s as an alternative
to phencyclidine and subsequently approved
by the FDA in 1970. Ketamine use has
continued to evolve over the last few
decades with increasing off label use outside
of the operating room. Ketamine has shown
effectiveness in individuals suffering from
acute, chronic, or acute on chronic pain with
its anti-hyperalgesic and anti-inflammatory
response (1).

Ketamine can be used to treat acute pain,
chronic pain, acute on chronic pain, complex
regional pain syndrome (CRPS), phantom
limb pain, along with other neuropathic pain
syndromes (2). There continues to be
ongoing research on the usage of ketamine
in treating depression, post traumatic stress
disorder (PTSD), respiratory and
neurological pathologies, and refractory
headaches (3,4). Additionally, ketamine has
been used as an adjunct in psychotherapy
and as a procedural sedative (2).

Ketamine is a mixture of R-Ketamine and
S-Ketamine:

Ketamine is a non-competitive antagonist to
the phencyclidine site of the N-methyl-d-
aspartate (NMDA) receptor for glutamate
(5). Ketamine is primarily utilized as a
racemic (50:50) mixture of its two
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enantiomers R-ketamine and S-ketamine.
The binding affinity of the S-ketamine for
the NMDA receptor is approximately 4-fold
greater than the R-ketamine, translating to
nearly 4 times greater analgesic and
anesthetic effect compared to R-ketamine.
However, with a greater binding affinity, S-
ketamine has more undesirable
psychomimetic  effects (6). These
undesirable effects consist of blurred vision,
altered hearing, dizziness, proprioceptive
disturbances, and illusions or hallucinations
(7). It has been demonstrated that S-
ketamine is the primary enantiomer
responsible for the psychomimetic effects of
illusions, alterations in hearing, vision, and
proprioception (8). Additionally,
administration of identical doses of each
enantiomer have demonstrated S-ketamine
produces psychotic reactions, including
depersonalization and hallucinations, while
R-ketamine produced more of a state of
relaxation (9).

In animal models, R-ketamine has produced
more antidepressant properties compared to
S-ketamine. R-ketamine has shown longer-
lasting antidepressant effects as opposed to
S-ketamine (10).

Some randomized controlled trials, case
series, along with case reports, demonstrate
that single or repeated intravenous or
intranasal administration of the S-ketamine
enantiomer has antidepressant effects in
individuals  suffering  from  refractory
depression (11).

Most recently (March 2019), the United
States Food Drug Administration (FDA)
approved S-ketamine intranasal formulation
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for the treatment of refractory depression,
however this medication may only be
prescribed through a restricted distribution
system. The R-ketamine formulation is still
in the trial phase at this time (12), thus both
R-ketamine and S-ketamine have therapeutic
effects depending on the pathology and
chronic disease process.

Ketamine
metabolized

is rapidly and extensively

After administration, R-ketamine and S-
ketamine are rapidly metabolized by
CYP2B6 and CYP3A4 to R-norketamine
and S-norketamine, which appear within 10
minutes. R-norketamine and S-norketamine
are then further metabolized to R-
dehydronorketamine  (DHNK) or S-
dehydronorketamine (DHNK) or
hydroxylated in the C6 position by CYP2A6
producing (2R, 6R)-hydroxynorketamine
(HNK) and (2S, 6S)-HNK. The
transformation of ketamine to HNK may be
a key aspect of Ketamine’s therapeutic
effects as animal models have shown that
(2R,6R)-HNK and (2S,6S)-HNK produce
antidepressant responses (13) and that
(2R,6R)-HNK is effective in multiple animal
models of neuropathic pain (HNK pain).
Additionally, R-ketamine or S-ketamine
may also be first metabolized to (2R, 6R)-
hydroxyketamine (HK) or (2S, 6S)-
hydroxyketamine (HK) and then later
metabolized to (2R, 6R)-
hydroxynorketamine (HNK) or (2S, 6S)-
hydroxynorketamine (HNK), respectively
(6). Please see Figure 1.
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Utilization of Ketamine Outside of the
Operating Room:

Although ketamine is best described as a
dissociative  anesthetic, its  additional
properties such as analgesia, amnesia, anti-
inflammatory, and antidepressant
characteristics, allow it to be administered
outside of the operating room (13).

Ketamine appears effective as an adjuvant
treatment for suicidal behavior. A systematic
review showed ketamine to be an immediate
treatment option for suicidal ideation with
nominal short-term side effects (14). Several
research studies (both uncontrolled and
controlled randomized trials) advocate the
use of intravenous Ketamine to produce a
reduction in suicidal ideation in patients who
have been diagnosed with major depression
or bipolar depression.

Maintained improvement in suicidal ideation
time ranged from 230 minutes up to 10 days
post infusion from a 40 minute infusion.
Price et al conducted a randomized
controlled trial in  treatment-resistant
depression which indicated that intravenous
ketamine rapidly reduces suicidal ideation
over and above an active placebo (15).
Although Ketamine has the potential to be
the standard of care for rapid treatment for
depression in patients with suicidal ideation,
further studies are needed to investigate the
mechanism of action, adverse effects,
benefits and long- term outcomes.
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Chemical Structure of Enantiomers of ketamine and its metabolites (6)

Ketamine appears to promote reduction of
inflammation without delaying the healing
process in both animal experiments and
human observation. Ketamine prevents the
prevalent anti-pro-inflammatory influences
(16). In a meta-analysis and systematic
review of intraoperative Ketamine, the
authors found that ketamine exerts anti-
inflammatory effects (17). Studies reveal
that ketamine, through it is NMDA
antagonistic  activity suppresses  T-cell
differentiation and thus, the production of
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ensuing cytokine production in vitro (18).
Ketamine also has an opioid sparing effect
in patients after a total hip arthroplasty even
when the drug morphine is combined with a
multimodal analgesia.  Utilization  of
Ketamine and the proposed anti-
inflammatory effect of ketamine were found
to improve pain after rehabilitation at 1
month and decreased postoperative chronic
pain for up to 6 months after the hip
replacement (19). Another study
demonstrated that ketamine utilization
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during elective coronary artery bypass graft
surgery exerts anti-inflammatory effects
during and after cardiopulmonary bypass
(20). The majority of these studies are based
on inflammatory markers before and after
ketamine utilization and larger prospective
human studies are needed for the anti-
inflammatory effects for both in and out of
the operating room.

Depression:

Depression or Major Depressive Disorder
(MDD) is one of the most common mental
illnesses worldwide. MDD consists of 5 or
more out of the 9 symptoms: “depressed
mood, loss of interest or pleasure, change in
weight or  appetite, insomnia  or
hypersomnia, psychomotor retardation or
agitation, loss of energy or fatigue,
worthlessness or guilt, impaired
concentration or indecisiveness, thoughts of
death or suicidal ideation or attempt,”
(including at least depressed mood and loss
of interest or pleasure) in the same 2 week
period (21).

According to the National Institute of
Mental Health (NIMH), MDD affects nearly
16% of people in the United States and
almost 7% of the U.S. population every year
(22). Globally, nearly 300 million
individuals suffer from depression and it is
the world’s leading cause of disability.
There are multiple treatment options for
depression, but according to the World
Health Organization (WHO), less than 50%
of individuals receive treatment (23). 60%
of patients suffering from MDD respond to
antidepressant agents, but the remainder
unfortunately do not and are classified as

5

treatment-resistant depression (22). Most
typical and atypical antidepressant agents
increase the levels of norepinephrine,

serotonin, or dopamine in the central
synaptic cleft in order to reduce the
symptoms  of  depression.  Although

pharmacologic therapy has advanced and

evolved over the decades, there still
continues to be treatment-resistant
depression. Subanesthetic ketamine

intravenous administration may decrease
depressive symptoms as quickly as within
24 hours in patients suffering from
treatment-resistant depression. However, in
order to achieve a sustained antidepressant
state, repeat infusions are often necessary
(22). Additionally, ketamine increases brain
derived neurotrophic factor (BDNF) protein
expression in the hippocampus, which
contributes to enhanced synaptic responses,
resulting in antidepressive effects (24).
Recent studies in rodents have demonstrated
that ketamine rapidly increases BDNF and
vascular endothelial growth factor (VEGF)
release in the prefrontal cortex and
hippocampus. BDNF and VEGF lead to
enhanced central and spinal synapses,
resulting in neurogenesis and antidepressive
effects (25).

Ketamine has also demonstrated anti-
depressant effects in those suffering from
bipolar  depression. The  S-ketamine
enantiomer administered intravenously or
intramuscularly has  been an effective
antidepressant by reducing suicidal ideation
and anhedonia. S-ketamine administered
intranasally has also decreased suicidal
ideations in depressed patients (13).
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Post-Traumatic Stress Disorder:

Post-Traumatic Stress Disorder (PTSD) is a
neuropsychological condition in which there
“is the presence of recurrent, intrusive
distressing memories, dreams, dissociative
reactions such as flashbacks, and reactions
to internal or external cues that symbolize or
resemble an aspect of the traumatic event
experienced by an individual” (26). This
“traumatic event can be an actual or
threatened case of death, serious injury, or
sexual assault that affected an individual,
close friend, or family member” (American
Psychiatric Association). Individuals will
avoid “people, places, conversations, and
situations,” which can trigger their
memories of the traumatic event (American
Psychiatric Association). Symptoms may be
similar to major depressive disorder
“including negative beliefs and expectations,
negative emotional states, anhedonia, and
social withdrawal” (26).

In the United States, PTSD has an
approximate prevalence of 8.7% with a
“higher prevalence in military veterans,
firefighters, police officers, and emergency
medical personnel” (26). In the rest of the
world, PTSD has a higher prevalence
amongst “survivors of rape, military combat
and captivity, and genocide” (26). PTSD can
be extremely disabling to an individual
leading to a lower socioeconomic status and
80% of those individuals are more likely to
be diagnosed with another mental disorder
(26).

Antidepressants consisting of selective
serotonin  reuptake inhibitors  (SSRIs),
serotonin-norepinephrine reuptake inhibitors
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(SNRIs), tricyclic antidepressants (TCAS),
and  monoamine  oxidase  inhibitors
(MAOISs), and cognitive behavioral therapy
(CBT) have proven to be effective
modalities in reducing the symptoms of
PTSD, but many still continue to suffer. (27)

Several investigations have demonstrated
that symptoms of PTSD are brought on by a
“loss of synaptic connectivity,” primarily
due to glutamate (28). It is postulated that
glutamate plays an essential role in neuronal
plasticity and synapses, which is why
Ketamine may be used as an alternative
agent to enhance neuronal connectivity
(29).

Activation of the NMDA receptor has been
shown to increase the creation of depressive
and anxious memories, which is why high
NMDA receptor activity may actually lead
to PTSD (30). Since ketamine functions as
an NMDA receptor antagonist, it may
decrease the formation of these memories
and theoretically reduce the symptoms of
PTSD. Additionally, there is some evidence
that antagonizing NMDA receptors in the
hippocampus can “stop the consolidation of
fear conditioning,” which could as well
reduce PTSD symptomology (31).

Though  ketamine has  demonstrated
therapeutic  effects against  treatment
resistant depression, its effects seem to be
short lasting. Nonconventional treatments
such as yoga, meditation, and mindfulness
cognitive therapy, have proven to be
efficacious in the treatment of refractory
depression and could be possible longer
lasting therapies. Yoga and mindfulness
therapies are safe and effective not only for
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depression, but also for other psychiatric
disorders in children and adults (53,54).
Yoga and meditation originate from over
thousands of years ago from the East and are
used to reconnect or realign the mind and
body as one entity. These low costing and
safe interventions can be used to target
specific symptoms of depression while
empowering the individual to treat him or
herself (54).

Mindfulness cognitive behavioral therapy
(MCBT) is used to disrupt the autonomic
process associated with a depressive
episode. The goal is to teach the individual
to “focus less on the incoming stimuli and
instead focus more on accepting and
observing them without judgment” (55). A
meta-analysis consisting of 6 randomized
controlled trials with a total of 593
participants comparing the use of MCBT for
depression to standard conventional
treatment and placebo. MCBT decreased the
risk of relapse or recurrence with a risk ratio

of 0.66, which represents a relative risk
reduction of 34% when compared to
treatment or placebo groups (56). Therefore,
yoga, meditation, and mindfulness cognitive
behavioral therapies can all beneficial to
patients who suffer from treatment resistant
depression.

Clinical Presentation of CRPS:

Complex Regional Pain Syndrome (CRPS)
is a debilitating condition involving an
imbalance in the sympathetic nervous
system. CRPS consists of severe unbearable
pain presenting in a regional distribution of
the body. This pain usually presents with
abnormal sensory, motor, sudomotor,
vasomotor, and/or trophic changes (51).
CRPS can be further subdivided into two
categories depending on if there is an injury
to a nerve. CRPS Type | (formerly known as
reflex sympathetic dystrophy) does not
involve injury to a nerve while CRPS Type
Il (formerly known as causalgia) does
involve injury to a nerve (32).

In order to fulfill the diagnosis of CRPS, the following criteria must be met:

Budapest Criteria

« Continuing pain, which is disproportionate to any inciting event.

o Must report at least one symptom in all four of the following categories:
e sensory — reports of hyperaesthesia and/or allodynia
e vasomotor — reports of temperature asymmetry and/or skin colour changes

and/or skin colour asymmetry

o sudomotor/edema — reports of edema and/or sweating changes and/or sweating

asymmetry

e motor/trophic — reports of decreased range of motion and/or motor dysfunction
(weakness, tremor, dystonia) and/or trophic changes (hair, nail, skin).

e Must display at least one sign at time of evaluation in two or more of the following
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categories:

e sensory — evidence of hyperalgesia (to pinprick) and/or allodynia (to light touch
and/or temperature sensation and/or deep somatic pressure and/or joint

movement)

e vasomotor — evidence of temperature asymmetry (> 1 °C) and/or skin colour

changes and/or asymmetry

e sudomotor/edema — evidence of edema and/or sweating changes and/or

sweating asymmetry

« motor/trophic — evidence of decreased range of motion and/or motor
dysfunction (weakness, tremor, dystonia) and/or trophic changes (hair, nail,

skin)

o There is no other diagnosis that better explains the signs and symptoms.

Once ketamine is administered, it is
metabolized to a spectrum of metabolites via
the cytochrome P450 system (13, 52).
Intravenous administration of ketamine in

humans  results in  higher plasma
concentrations of its metabolite,
2S,6S;2R,6R-hydroxynorketamine, than

ketamine (33). Administration of 2R,6R-
hydroxynorketamine in mice via
intraperitoneal injection has demonstrated
therapeutic effects for depression, while
limiting the anesthetic or sedative side
effects (34). Currently there are no
published studies on the administration of
2R,6R-hydroxynorketamine in humans for
chronic or postoperative pain. Pain is not
only primarily physical, but may consist of
an emotional or spiritual component as well.
For this reason, there continues to be some
overlap between depression and pain.
Therefore, treating one component may
indirectly provide relief to the other.

Ketamine administration in  mice has
demonstrated short-term therapeutic effects
in treating complex regional pain syndrome
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type-1 (35), which is why ketamine
infusions continue to be used clinically for
CRPS-1 (36). In a mice study consisting of
CRPS-1 secondary to tibia fracture, reduced
allodynia effects were seen as long as 4 days
after the last injection of 2R,6R-
hydroxynorketamine. The half life of
2R,6R-hydroxynorketamine is less than 1
hour, which suggests 2R,6R-
hydroxynorketamine may decrease central
sensitization in CRPS (13). Interestingly, a
similar study was done on CRPS-2 mice
with 2R,6R-hydroxynorketamine, but the
antiallodynic effects lasted less than 24
hours (37).

Intravenous Ketamine for Refractory
Migraine Headache

Migraine is described as a common primary
headache disorder with high socio-economic
and personal impacts (38). It is commonly
disabling, occurring for no obvious reason,
and not necessarily the result of any other
underlying disease (39). In the 2010 Global
Burden of Disease Study (40), it was ranked
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as the third most prevalent disorder in the
world. A few years later, it was ranked the
third-highest cause of disability worldwide
in both males and females under the age of
50 years (41).

Migraines are characterized by pulsing head
pain, nausea, and sensitivity to light and
sound and should not be confused with
tension-type headaches which present with
non-pulsing “band-like” pressure on both
sides of the head, and not accompanied by
other symptoms (42). Because headeaches
are so prevalent in the US, and the difficulty
in finding effective treatments, the Headache
Society recommends that health care
professionals use the classification system to
help make a more specific diagnosis as to
the type of headache a patient has, and allow
better and more effective options for
treatment (43). A comprehensive and
complete review by Siberstein et al. (44)
provides an operational diagnostic criteria
for chronic migraine. With such a broad
range of symptoms and lack of definitive
treatments, it would appear that these
conditions have a complex interplay of
genetic, developmental, and environmental
risk factors.

Once it is established that a patient is

refractory to standard available drug
treatments, a specialist may suggest
intravenous ketamine as a preventive
treatment. The terms “intractable” and

“refractory” have been used interchangeably
implying that the headache is frequent and
untreatable, and the patient is usually
classified as disabled by standard scales,
such as MIDAS or HIT-6. Experts in this
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field have criticized the interchangeable use
of the terms claiming the need for more
specific criteria.  Silberstein et al. (45)
proposed a graded classification scheme for
defining intractability to acute and
preventive treatments based on the patient’s
previous response/failure to proven acute or
preventive therapies. Their classification
tables were carefully constructed based on
the extensive clinical experience of experts
in the field. Moreover, this classification
system should be useful to clinicians and
researchers wishing to abide by some
consistent criteria for selecting patient
candidates for ketamine infusion treatment.

Similarily to treatment resistant depression,
CRPS, and PTSD, administration of
subanesthetic (<1.0 mg/kg/hr) multiday
intravenous ketamine infusion has shown
promise in the treatment of refractory
migraine headaches. Several of routes of
administration have also been successfully
used for treatment of primary headaches. It
is of interest that the first published (46) use
of ketamine for treatment of severe and
frequent migraines was from subcutaneous
administration using an 80 microgram/kg
dose. In their randomized double-blind
crossover study, the authors reported marked
relief of pain as an acute treatment and also
as a prophylactic therapy, compared to
placebo. A few years later Kaube et al. (47)
used intranasal ketamine (25 mg) for the
treatment of migraine aura with limited
success. A German study by Granata et al.
(48) in patients with cluster headaches
demonstrated efficacy with a 40 min-1 hr
low dose  ketamine infusion  at
approximately 2-week intervals with a
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maximum of 4 treatments per patient. The
attacks were completely aborted in 100% of
the patients with episodic headaches and in
54% of patients with chronic cluster
headaches. The duration of pain relief was
3-18 months. It was not until 2016 that
Pomeroy et al. (49) reported on their 10 year
experience using intravenous, in-patient
multi-day low dose ketamine for the
treatment of refractory headache. Their
retrospective study included patients with
chronic migraine (82%), and new daily
persistent headaches (18%) treated using an
incremental dosing protocol starting at 0.1
mg/kg/hr up to a maximum dose of 1.0
mg/kg/hr.  Their results show that 71% of
patients were classified as acute responders
and 27% had a sustained response. In 2018
Schwenk et al. (50) reported similar findings
as Pomeroy et al.’’s study in patients
diagnosed with intractable migraine. 77%
of their patients were classified as
immediate responders and 39% as sustained
responders with a mean of 101 days post
treatment. It should be noted that 97% of
their patients had a diagnosis of refractory
migraine and 3% had cluster headache.

The use of in-patient intravenous ketamine
for the treatment of refractory migraine has
increased over the past few years however
only a few studies have demonstrated
encouraging clinical benefit in this select
patient population. The pain relief is time
limited, typically lasting between one week
and 3 months in responders. Future research
will need to determine if dosing strategy
could improve efficacy, while a better
understanding of ketamine’s mechanisms
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and pathways could lead to development of
new therapies. In light of its increasing use
in  hospitalized  patients,  monitoring
considerations are also important to ensure
its safe administration. Unfortunately, the
monitoring practices for ketamine infusions
in the literature vary considerably and may
also be institution dependent and not
necessarily consistent with ASA
recommendations for moderate sedation.
(51) Appropriate monitoring is therefore
important during administration of ketamine
and the level of monitoring should depend
on the likelihood of deleterious signs and
symptoms (eg, elevated blood pressure and
heart rate, ECG changes, loss of
consciousness, psychotomimetic), as well as
the potential for adverse events (eg, chest
pain, airway obstruction, hallucinations).
Finally, the need for large well-designed
clinical trials is needed as current evidence
is based on a few observational retrospective
studies and ketamine’s use for the treatment
of other chronic conditions.

Conclusions:

Ketamine continues to be a unique and
exclusive pharmacologic agent with a
multitude of therapeutic effects. Though
most often used in the operating room
environment by anesthesiologists, the
exceptional characteristics nearly allow it to
be administered by all practitioners. The
beneficial effects of ketamine continue to
evolve as more studies are now focused on
the metabolites of ketamine. As the fields of
pain and behavioral medicine continue to
cultivate over the next decade, the uses of
ketamine will continue to advance.
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