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Abstract

When treating unipolar major depressive disorder (MDD), medications that target monoaminergic systems do not
act immediately and have significant limits in terms of their efficacy. Antidepressants having major
pharmacological targets other than the monoamine system may have the potential to have a more rapid onset of
action and provide improved clinical benefit. There has been some research done looking at the glutamate system
as a possible target for the creation of antidepressants. This article will review the most recent findings from
research conducted on the subject of rapid-onset antidepressant properties exhibited by the anaesthetic drug
ketamine. Ketamine has been proven to have these features. K-ketamine, an isomer of the substance, is examined
in terms of its pharmacology and how it has been used to treat chronic and refractory pain, a disease that is
typically connected with depression. Specifically, this topic will focus on how K-ketamine has been used to treat
patients in the past. In the first wave of clinical trials, researchers showed that a single dose of intravenous
ketamine (0.5 mg/kg) was both safe and effective in treating patients who suffered from treatment-resistant
depression (TRD). Studies that are more recent are looking at the neurological basis for ketamine's alleged
antidepressant benefits, as well as discovering ways to prevent relapse once the symptoms of depression have
passed. In addition to more traditional methods of assessing depression, researchers are currently investigating
the effects that ketamine has on a person's neurocognition.
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Introduction

Ketamine has been utilised in several medical contexts ever since its discovery in the 1970s. It is a one-
of-a-kind intravenous (IV) anaesthetic that, in addition to causing sleepiness, catalepsy, somatic
analgesia, and bronchodilation, activates the sympathetic nervous system.[1] Ketamine's startling new-
drug reactions, its reputation as a "vet medicine," and its burgeoning popularity as a chemical that can
lead to addiction are all reasons why anesthesiologists today are less inclined to use it as a treatment
option. Ketamine has been a fan favourite for a very long time for several reasons, including the recently
revealed medicinal benefits of the substance as well as its peculiar properties.[2][3] It is still utilised in a
wide variety of clinical settings even in the present day. The majority of anesthesiologists now receive
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minimal or even zero training on the use of ketamine. [4] They are completely unaware of the extent to
which ketamine is utilised in the medical field. In light of this, an exhaustive search was conducted in the
online databases of PubMed and Cochrane.[5][6] The information needed came from looking through a
number of different anaesthetic books and articles. Based on the material presented here, this review
paper investigates how ketamine is now being utilised in fields such as anaesthesia, pain treatment, and
critical care.[7]

Pharmacology of Ketamine

The N-methyl-d-aspartate (NMDA) receptor for glutamate contains a site called phencyclidine, which
acts as a non-competitive antagonist for ketamine. However, the effects of this compound are
moderated in part by interactions with a large number of other receptors.[8][9] It is a local anaesthetic
that has a brief duration of action and can be given intravenously, intramuscularly, orally, or even
through the nose. It has found widespread use among emergency room physicians. It is feasible to use
ketamine as a substitute for a number of other anaesthetics without triggering any adverse effects in
the patient.[10][11]

Ketamine was utilised as a general anaesthetic as early as the 1960s; however, it is no longer extensively
employed today due to the psychological side effects, including delirium and strange dreaming in
approximately 12 percent of patients. Ketamine is no longer widely used as a general anaesthetic.
Ketamine, on the other hand, has been used for the treatment of acute pain, as well as during surgery
and for chronic pain, with subanesthetic levels of ketamine. Racemic ketamine and chiral ketamine (also
written as S+ and R) are the two forms that this substance can take. When it comes to alleviating pain,
this substance is two times as effective as racemic ketamine and four times as effective as R-ketamine.
As a consequence of this, patients may benefit from taking low doses of S-ketamine since it helps them
avoid unpleasant side effects while also providing effective pain relief.[12[13]

S-ketamine administration in intensive care units has been the subject of research regarding both the
pharmacology and the adverse effects of ketamine.

Ketamine has the ability to relax the smooth muscles of the airways in children who suffer from asthma,
which gives it the potential to be an useful induction medication. In the event that endotracheal
intubation is required, it has been suggested that 1-2 mg/kg of lidocaine should be given intravenously
before to the intubation procedure; however, the use of a laryngeal mask airway may be more suitable
in this scenario. When administered jointly, ketamine and midazolam infusion promotes analgesia,
prevents and alleviates bronchospasm, and avoids bronchospasm.[14][15]

Mechanism of Action
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An anaesthetic that is dissociative and does not contain barbiturates, ketamine hydrochloride. Deep
anaesthesia and relief from pain are two of the effects that can be elicited by this powerful and rapidly
acting cyclohexanone derivative.[16] Its chemical name is o-chlorophenyl-2-methylcyclohexanone
CHCINO.
hydrochloride. [17] Ketamine is an antagonist for both glutamate and NMDA receptors, and these two

hydrochloride, and its structural formula is o-chlorophenyl-2-methylcyclohexanone
types of receptors do not compete with one another. This medication is effective in inhibiting HCN1
receptors.[18] Opiate mu-receptors have a distinctive dissociation effect and partial agonism, which
enables a steady state of sleepiness and patient comfort even throughout the most excruciating of
medical procedures. The prolonged pain-relieving and antidepressant effects of ketamine may be linked
to the hyper-glutamatergic state that is generated by the use of ketamine. [19][20][21] Secondary

structural synaptic connections may play a role in the maintenance of these effects. The N-methyl-D-
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aspartate (NMDA) receptor is thought to play a significant function in the pathophysiology of clinical
depression. Ketamine's NMDA antagonistic activity is a powerful tool for providing speedy relief from
depressive symptoms and thoughts of self-harm. Ketamine is thought to cause an increase in glutamate
levels as well as synaptogenesis, which can lead to an increase in brain-derived neurotrophic factor
levels (BDNF).[22][23][24] Ketamine has the potential to have an effect on the sigma receptors. Central
sensitization, the wind-up phenomenon (which can be defined as the production of ongoing, worsening,
or chronic pain), and pain memory are all assumed to have a part in its effectiveness. It would appear
that these systems have a considerable function in both sedation and analgesia, with both a positive and
a negative influence on the process. Ketamine has the ability to reverse the effects of opioid tolerance.
The hepatic metabolism of this substance involves a number of processes, including N-dealkylation,
hydroxylation, conjugation, and dehydration.[25][26] The half-life of ketamine begins around 45 minutes
after the last dose is taken. Ketamine has a tendency to keep both the pharyngeal and laryngeal reflexes
intact, which enables the patient to sustain spontaneous respiration. The tone of the skeletal muscles is
maintained or somewhat improved, and the cardiovascular and respiratory systems are both
stimulated.[27][28][29][30] When a patient has not been "prepped" for an emergency procedure in
advance, short-term procedures in the emergency department benefit immensely from these traits. This
is especially true when the patient is being treated for a medical emergency. This is truer than ever
before. There is no basis for the expectation that the pharyngeal and laryngeal reflexes will "protect" the
airway because it is not guaranteed that their maintenance will be maintained. In addition, there is a
possibility of a brief period of moderate respiratory depression if the medication is administered too
rapidly or in an excessively high dose. As a consequence of this, the physician needs to be ready to
intubate a patient in the event of an emergency.[30]31]

Historical uses of Ketamine

It was developed in 1962 as an alternative to phencyclidine that would produce fewer hallucinations
while also acting more quickly (Ket). 1964 was the year that marked the first time that it was made
available to the public at large. Patients have a difficult time tolerating Ket because of the hallucinations
it generates, in addition to the seizures and other adverse effects that it produces. The use of ket has
dramatically decreased as a result of the discovery and development of novel volatile and injectable
anaesthetic agents that have favourable emergence and side effect profiles. In the 1990s, the ultrashort-
acting opioid known as remifentanil was created. This made it possible for huge dosages of opioid to be
administered in order to reduce the stress associated with exceedingly invasive procedures. If excessive
amounts of an opioid are taken, there is a possibility that the patient will have adverse effects such as
hyperalgesia and acute tolerance. Because of its analgesic and antihyperalgesic properties, the clinical
application of modest doses of ket has been reexamined. Analgesia, anti-shock, anti-inflammatory
effects, anti-tumor effects, neuroprotection, and bronchodilation and bronchodilation are some of the
reported benefits of cannabis use. At addition, a recent study discovered that this particular anaesthetic,
when taken in a low dose, has anti-depressant properties. Ket has a diverse set of interests outside of
the medical and surgical professions, in addition to his work in the field of anaesthesia and the operating
room.[32][33]
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Current uses
As ketamine has been around for over 50 years, it's now being used to treat a variety of conditions,
including chronic pain management, anxiety reduction, and inflammation reduction, among others.

For Acute pain management:

Ketamine has been put to use in the medical field as an anaesthetic for more than half a century. At high
dosages, it produces amnestic and dissociative anaesthetic effects; nevertheless, at lower
concentrations, it possesses analgesic and opioid-sparing qualities. [Citation needed] [Citation needed]
Because of its ability to maintain hemodynamic stability and respiratory function, ketamine is an ideal
choice for procedural sedation and the facilitation of brief, unpleasant procedures. Ketamine is also a
great choice for the facilitation of brief, painful procedures. In spite of the fact that studies indicates that
sub-dissociative doses of this analgesic are safe and effective, the emergency department almost never
uses it to treat severe pain. Patients who may benefit from the administration of ketamine in a setting of
acute pain can now be identified using new guidelines that were issued in July 2018 by the American
Society of Regional Anesthesia and Pain Medicine, the American Academy of Pain Medicine, and the
American Society of Anesthesiologists. These organisations are all involved in the medical field of pain
medicine.[34]

For chronic pain management

In the early stages of ketamine's application as an analgesic, intravenous infusion was the method of
choice for both avoiding the drug's metabolism in the body's first pass and assuring accurate dosing. As
a consequence of this, the medical staff was able to monitor for negative side effects and keep track of
the treatment's efficacy during the infusions, which typically took place in hospital settings.[32]

In a meta-analysis that included 211 people who participated in seven separate investigations, an
intravenous ketamine infusion was found to have a significant analgesic benefit in both neuropathic and
non-neuropathic pain syndromes when compared to a placebo. This comparison was made using data
from the studies. It took these patients an average of five hours to reach a ketamine dose of 0.35 mg/kg,
which is considered therapeutically effective. In each of the seven experiments, the most significant
reduction in pain intensity was observed between 48 hours and two weeks after the infusion. After
receiving the injection, there was a significant decrease in the level of pain that patients experienced for
up to eight weeks. The effectiveness of ketamine did not differ significantly across the many kinds of
pain or the various subcategories of the disorders that cause those kinds of pain. The studies did not find
any difference in the medication's efficacy when it was used either as a standalone treatment or as an
adjuvant therapy. In each of the seven investigations, the maximum analgesic effect was shown
anywhere between 48 hours and two weeks after treatment began.[34][35]

To summarise, it would appear that ketamine could be an effective treatment choice for a wide variety
of chronic pain syndromes, including both neuropathic and non-neuropathic forms of the condition. [37]
Patients can obtain this treatment outside of the hospital with only as many visits to pain management
as are necessary because of the long-lasting analgesic benefits of ketamine. According to the results of
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clinical trials, ketamine could be used as a third-line treatment for the pain caused by cancer. 12 cancer
patients with intractable pain were given ketamine infusions at a rate of 1.5 mg/kg/day and saw a
reduction of 50 percent in their total daily morphine use after being returned home with
ketamine/morphine pain pumps. Ketamine infusions were administered after the patients were given
pain pumps that contained ketamine and morphine. Only the trial dose given at the beginning caused
any adverse effects.[38] [39]

Clinical Studies Brain disorder

Single dose of ketamine

It is currently recommended that analgesia be used as part of a multimodal treatment plan for acute
pain. By using multiple analgesics to simultaneously target various pain pathways, it is possible to
improve analgesia while simultaneously reducing the amount of opioids used.

Researchers have revived their interest in the anaesthetic ketamine, which was popular in the 1970s.
[40]This interest comes as part of a multimodal strategy for treating acute pain. Because it inhibits the
activity of NMDA receptors, which play a role in the conduction of inflammatory and nociceptive pain,
ketamine is classified as an analgesic. Because of its properties, the K-analgesic ketamine has been the
subject of a number of clinical studies that investigate its potential to treat a variety of painful
conditions, such as cancer, neuropathy, refractory chronic pain, and acute pain. Others, on the other
hand, have refrained from utilising the medicine in the perioperative setting due to the perception that
it is associated with the production of unpleasant side effects. At the present time, there is a large
amount of variety in the method that is used to give ketamine in the context of the treatment of acute
pain. In point of fact, ketamine has been utilised in a range of settings, such as through intravenous (I1V),
epidural, and wound infusions. It has also been administered in a broad variety of doses, the most
typical of which being a single dose bolus of 1 mg/kg, followed by 48 hours of continuous IV infusions of
0.18 mg/kg/h.[41]

Repeat dose of ketamine

A single subanesthetic (intravenous) dose of ketamine administered intravenously (IV) may offer fast but
transitory antidepressant effects in people who have depression that is resistant to treatment (TRD).
T[45][44] en patients with symptomatic TRD who were not taking any medications and who had
previously shown a significant antidepressant response to one dose of IV ketamine in this trial were
given an open-label, six-infusion IV treatment of ketamine. The treatment was given under an open
label. When administered in low dosages, ketamine produced only a handful of reactions that could be
considered positively psychotic. Three of the patients reported experiencing significant dissociative
symptoms, however these effects were quite temporary. [42][43]Side effects were minimal during the
course of each and every ketamine infusion. Following the first and sixth administrations of the drug, the
response criteria were met by nine different people. Following the sixth administration, patients'
MADRS scores dropped by an average of 85% (standard deviation) (12 percent ). Following the sixth

injection of ketamine during the post-ketamine phase, an average of 19 days later, eight out of nine
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patients experienced a relapse (range 6 days-45 days). One patient did not take any antidepressant
medication for more than three months and only exhibited minor signs of depression during that
time.[46]

Impact of suicidal ideation

The prevention of suicide is one of the most pressing concerns that health care professionals have to
address. [47][48] The clinical assessment and subsequent reaction are extremely important when
considered in the context of suicidality. Keep in mind that taking your own life is a permanent solution
looking for a temporary problem.[49] This article provides important statistics and risk factors, identifies
the major questions to ask a potentially suicidal individual, details the actual steps to ensure the
patient's safety, and concludes with steps that should be addressed with family and friends in the case
of a completed suicide in order for clinicians to recognise patients who require special intervention. If a
person has suicidal thoughts, the next thing that makes sense to ask is whether or not they have made
any specific plans to end their own life. If they do, then it is important to take action immediately. A
higher level of risk is indicated whenever there is a comprehensive plan in place.[50] Although nebulous
threats, such as a threat to commit suicide in the future, are cause for concern, responses suggesting
that the individual has purchased a gun, additional ammunition, wrote a will, and plans to use the gun
are more dangerous than the gun itself are more concerning. [50][51]Concerning the proposition,
guestions need to be raised. If the person foresees their own death as being caused by a firearm, it is
important to determine whether or not they are in possession of a weapon or have access to one.
Investigate to discover if the person is entertaining any thoughts of ending their own life. Both having
suicidal thoughts and acting on such ideas are connected. This might be a challenging question for some
physicians who are just starting out. They don't ask because they're afraid it would make them feel
uncomfortable or cause them to have suicidal thoughts. It is true that patients appreciate the inquiry
since they view it as a display of concern on the part of the doctor. If the answer to the question is yes,
then you need to investigate the matter further more.[52]

Conclusion

In order to better understand the early reports of ketamine for treatment-resistant unipolar major
depression, the goal of this review was to contextualise those experiences. Because of its lengthy history
of usage as an anaesthetic and analgesic medicine, there is still a great deal that we do not know about
the pharmacological profile of the medication when it comes to treating depression. We do not know
which specific pathways are important for the early and sustained improvements observed in some
patients during clinical trials while ketamine attenuates the function of NMDA receptors. These
pathways include modulation of glutamate release, effects on glutamate receptor activation,
extracellular clearance, and metabolism.

In spite of the fact that clinical trials of ketamine for major depressive disorder are just getting off the

ground, it is essential to keep in mind that the overall efficacy of ketamine in clinical settings has not

been fully examined. Early ketamine research generated a lot of excitement; however, there are a

number of factors that call into question the reliability of the saline-controlled, within-subjects crossover
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design, raise concerns about how long the antidepressant effects of ketamine last, and cast doubt on

whether or not it is safe to use in this population. By the year 2020, there will not have been any

randomised, well-controlled trials of repeated-dose ketamine for MDD that have been published in the

literature that has been peer-reviewed.
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