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Abstract

Major depressive disorder (MDD) is a prevalent and highly debilitating illness that causes significant functional impairment
in many patients. Conventional pharmacotherapy, such as monoaminergic antidepressant agents, usually takes several weeks
to improve symptomatology and has some adverse side effects, and in many cases, patients show clinical non-response. This
has resulted in a quest to identify novel means of targeting the illness. Ketamine, a glutamate N-methyl-D-aspartate receptor
antagonist, has been widely researched as an alternative intervention. Originally developed as an anesthetic, ketamine has been
shown to exert an antidepressant effect at subanesthetic doses. A single dose of ketamine has been shown to have a rapid effect
in resolving serious depressive symptoms including suicidal ideation with antidepressant effects. However, further research
is needed as, in longer-term use, ketamine has the potential to be abused and certain psychological side effects, including psy-
chotomimetic or dissociative effects, must be considered. This review highlights some of the benefits and risks of the use of

ketamine in the treatment of MDD.

Introduction

Major depressive disorder (MDD) is among the most disabling and
potentially life-threatening illnesses globally and has been ranked
by WHO as the third greatest cause of the burden of disease while
being projected to rank first by 2030.12 MDD is diagnosed when
an individual exhibits persistent depressive episodes, anhedonia (a
decrease in interest in pleasurable activities), feelings of worth-
lessness and/or guilt, low energy levels, impaired concentration,
changes in appetite and sleep patterns, psychomotor retardation,
agitation, or SI. According to the Diagnostic and Statistical Manu-
al of Mental Disorders, 5th Edition,? to be diagnosed with MDD, a
patient must experience at least five of these symptoms, of which
one is depression or anhedonia and which results in interpersonal
or occupational impairment.?

The etiology of MDD is believed to be multifactorial and in-
cludes biological, genetic, environmental, and psychosocial fac-
tors. Historicallyy, MDD has been considered to be primarily
influenced by anomalies in the functions of neurotransmitters, es-
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pecially serotonin, norepinephrine, and dopamine. Conventional
and widely-used antidepressants such as selective serotonin re-
ceptor inhibitors (SSRIs) and serotonin-norepinephrine receptor
inhibitors (SNRIs) aim at modulating the monoaminergic system.
However, an important limitation of SSRIs is the delayed onset of
action, as they typically take about 14 days to begin exerting an
effect and have the potential to worsen any pre-existing anxiety
or suicidality during this time, especially in younger populations.
Other possible side effects which limit the effectiveness and use of
these conventional therapies may include insomnia, nausea, head-
aches, and sexual dysfunction, which negatively impact the pa-
tient’s quality of life. Moreover, a significant proportion of patients
fail to respond to treatment at all.*5

Treatment of refractory MDD

Among those individuals who receive first-line treatment for
MDD, up to 60% do not achieve remission® and a significant
proportion of patients fail to achieve clinically notable benefits
even with multiple antidepressant interventions. Patients with
Treatment-Resistant Depression (TRD) continue to have residual
depressive symptoms that affect both function and quality of life
and increase the risk of suicide. Thus, alternative intervention for
refractory cases is an important clinical need.”

TRD is a subset of MDD. While there is a lack of broad con-
sensus on the definition of TRD, it may be described as depressive
symptomatology that does not remit after two or more regimens
of first-line antidepressant pharmacotherapy at optimal dose and
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duration in the course of a current depressive episode.” Treatment
resistance includes persistent symptoms of a low mood, repeated
depressive episodes, and poor response to medication or other
therapeutic interventions, including brain stimulation such as elec-
troconvulsive therapy, repetitive transcranial magnetic stimula-
tion, magnetic seizure therapy, deep brain stimulation as well as
psychotherapy.!-¢

Recent studies have shown that patients with MDD having
episodes of TRD have a significantly higher risk of self-harm, a
greater than 20% increase in all-cause mortality, increased use of
health resources, comorbidities such as anxiety disorders, obses-
sive-compulsive disorders, and fatigue when compared to patients
without TRD episodes. Increased incidence of substance abuse
was also found to be higher among these patients. One study also
found that MDD episodes with TRD were of substantially longer
duration than MDD without TRD.”

Research has suggested that the risk factors for the development
of TRD include age, age at onset, psychiatric comorbidities, dura-
tion of, a history of abuse, and treatment-related factors.”

The efficacy of ketamine in TRD

In the quest for more rapid-acting treatments, newer theories have
emerged that suggest MDD may be closely associated with more
complex neuroregulatory systems, and the examination of novel
molecular targets beyond the monoamine system has become
marked in order to gain clinically groundbreaking advances in
MDD therapeutics.>®

Recent research involving in vivo brain imaging and studies
of gene expression has implicated abnormalities in glutamatergic
signaling in the pathophysiology of MDD and agents that modu-
late this system have significant therapeutic potential. In particular,
ketamine, a non-competitive NMDA receptor antagonist, which
has been in use primarily in veterinary and pediatric anesthesia and
has well-established safety and efficacy qualities as an analgesic
and anesthetic in these contexts, has been recently studied for use
off-label as a treatment for psychiatric disorders.

Akey factor in ketamine’s efficacy is its role as an efficient glu-
tamate receptor modulator. Ketamine works by blocking NMDA
receptors in the brain, which increases levels of the neurotrans-
mitter glutamate causing synaptogenesis or neurotransmission
along new pathways.* As glutamate is the primary excitatory neu-
rotransmitter in the central nervous system and any disruption in
glutamate function or the operation of glutamatergic transmission
may impair neural health, this has a significant effect on limiting
the progression of many neurodegenerative and psychiatric diseas-
es**10 and affects mood, thought patterns, and cognition!! Moreo-
ver, recent studies have found that ketamine is better at crossing
the blood-brain barrier than SSRIs, SNRIs and other widely used
antidepressants.'? This is the first non-monoaminergic agent that
has demonstrated rapid-onset efficacy in the treatment of MDD
and thus represents a pharmacologically novel therapeutic option
for adults with TRD.%13

Several studies have shown that antidepressant effects in pa-
tients with TRD were observed within approximately 2 hours of
a single subanesthetic intravenous infusion of ketamine, after the
acute, dissociative, and euphoric side effects subsided, with the ef-
fects gradually decreasing at seven days post-infusion—although
twice weekly infusions have been demonstrated to prolong the an-
tidepressant effect for up to 15 days.* This finding is especially
significant for individuals needing immediate intervention such
as those with concurrent SI or patients with personality disorders
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where high levels of suicidality render research on ketamine a pri-
ority %10:14-17

Moreover, ketamine has been demonstrated to be effective
in other psychiatric contexts, including Bipolar Disorder, Social
Anxiety, Generalized Anxiety Disorder, Obsessive Compulsive

Disorder, Post-traumatic Stress Disorder, and eating disorders.

Routes of administration

Although there is consensus regarding the therapeutic role of keta-
mine in depression, the comparative effects of different formula-
tions of ketamine are less clear and the psychoactive and therapeu-
tic effects have also been found to vary substantially by dose and
route of administration.!"!8 Ketamine is a 1:1 racemate of two en-
antiomers, S-ketamine (esketamine) and R-ketamine. One of these
enantiomers, S-ketamine (esketamine), binds more potently to the
NMDA receptor than R-ketamine and thus has an anesthetic effect
that is approximately 2 times higher but produces less lethargy and
cognitive impairment.®!°

Ketamine and esketamine are similar as they have the same
molecular makeup but esketamine has been shown to be not only
more potent but also better tolerated than ketamine.'® Recent re-
search suggests that esketamine reduces the risk of relapse by be-
tween 50 and 70%.' The most researched formulations and routes
of delivery of ketamine in TRD are intranasal (IN) esketamine and
intravenous or parenteral (oral, sublingual, and IN) racemic keta-
mine.!320

Route of administration is an important factor in the use of keta-
mine for disorders such as TRD, in which repeated dosing may be
indicated. Intravenous delivery is widely used in clinical settings
due to its superior bioavailability and dose control, while esketa-
mine is usually given in the form of a nasal spray.!%-!

Some studies suggest oral and intranasal formulations of keta-
mine are optimal for TRD, but there is still little data regarding the
potential link between the rapidity of onset of action and the route
of administration.??

Risks of ketamine use

While the clinical effectiveness of ketamine in TRD has been dem-
onstrated, studies show that this varies considerably among patient
populations, which has implications for general use.?* Many im-
portant factors regarding ketamine use still need to be defined and
relatively little is known about the overall risks of ketamine use as
an antidepressant.?>?* There is a dearth of research aimed at iden-
tifying optimal dosing strategies for ketamine use and common
adverse side-effects of ketamine have been found.?s These include
transient and dose-dependent dizziness, headache, nausea, blurred
vision, cardiovascular symptoms, neurotoxicity, cognitive dysfunc-
tion, and dissociative and psychotomimetic effects.!’ Such adverse
effects tend to manifest in acute, low-dose treatments whereas ex-
tended exposure may put patients at risk of neurotoxicity and drug
dependence. Since ketamine is associated with an increased risk
of drug abuse, it cannot be recommended in routine clinical prac-
tice.2225 Ketamine abuse may lead to chronic cystitis, hepatotoxic-
ity, and gall bladder pathology in addition to the psychiatric symp-
toms of impaired cognition and chronic dissociative effects.?
Experience with ketamine administration in patients with TRD
indicates that higher doses of intravenous ketamine are associated
with increased rates of treatment-related adverse events such as
dissociation when compared with lower dosing. Thus, clinicians
administering ketamine should be aware of the greater probability
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of adverse events and potential safety issues when administering
comparatively higher doses of intravenous ketamine.!3

Other concerns

Ketamine use for TRD raises a complex set of ethical concerns.
Given the rising popularity of off-label ketamine use for TRD,
there is consensus that clinicians and professional bodies must en-
sure that guidelines for safe practice are administered, all experi-
mental and trial data are made known through national registries,
and that both the risks inherent in ketamine treatment and the pa-
tients themselves continue to be monitored.

In addition, ensuring equitable access to treatment resources is
imperative for optimal treatment benefit. The associated cost and
financial accessibility hold socioeconomic and ethical implica-
tions for practice and, where patients do access treatment facilities,
they may experience different standards of care between treatment
sites. These are issues that warrant further examination.?6

Further directions

Scant research exists into the use of ketamine with other support-
ive interventions such as psychotherapy. It is thought that keta-
mine may assist in the creation of adaptive new neural pathways
in the brain if treatment occurs within the context of a supportive
environment and with the inclusion of concurrent psychotherapeu-
tic interventions.?’” Some preliminary studies show that adjunct
psychotherapy may prolong the antidepressant effect of ketamine,
leading to a less frequent need for administration.?5-28
Additionally, ketamine may improve treatment adherence and
patient engagement, which makes it a valuable psychotherapeu-
tic adjunct.® Ketamine’s demonstrated antidepressant effect may
be linked with the psychotherapeutic process, generating rapid
change, increasing treatment engagement, and lowering the pa-
tient’s defensiveness through relief from distressing symptomol-
ogy.? As such, further research into this association is warranted.

Conclusions

Current neuroscience research has redefined the perception of TRD
from a monoaminergic neurotransmitter system model where there
is dysfunction of specific parts of the brain toward the finding that
depression is a much more complex network disorder. The need
for rapid-acting antidepressant therapies at the receptor level with
targeted synaptogenesis and improved neural connectivity has led
to studies of agents outside current models. Research on ketamine
treatment for TRD is still in the relatively early stages but numer-
ous studies have established that ketamine is a safe, effective, fast-
acting, and sustained antidepressant that markedly reduces adverse
symptoms associated with depression, even in patients who are
resistant to conventional pharmacotherapy.

Further research into the risks of ketamine use is necessary. A
lack of guidelines regarding the therapeutic monitoring of keta-
mine therapy for depression has implications for expanding the use
of this treatment. Dose optimization, alternative routes of admin-
istration, and the role of concurrent pharmacotherapy in the anti-
depressant effects of ketamine are some of the issues that remain
to be answered. Further work is needed to gain a more reliable
understanding of ketamine’s abuse liability and its side effects in
the clinical setting. Moreover, the use of ketamine as an adjunct to
other forms of anti-depressant therapy, such as concurrent psycho-
therapy, requires further investigation.
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