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Abstract 

Background: Ketamine is a dissociative anesthetic with a unique pharmacological profile that has garnered 

increasing interest in recent years due to its potential therapeutic uses. This review provides a comprehensive 

overview of the recent evidence and current uses of ketamine. The clinical uses of ketamine are summarized, 

including its approved and off-label uses in various anesthetic and medical conditions. Firstly, ketamine has 

shown efficacy as an adjunct to general anesthesia, contributing to improved analgesia, hemodynamic stability, 

and reduced opioid requirements. Additionally, it has demonstrated effectiveness in the management of acute 

and chronic pain, including postoperative pain, neuropathic pain, and cancer pain. Moreover, ketamine infusion 

therapy has been explored in the context of enhanced recovery after surgery (ERAS) protocols, where it has 

shown potential in reducing postoperative opioid consumption and accelerating recovery. The use of ketamine 

as a sole agent for procedural sedation, particularly in resource-limited settings, has also been investigated, 

highlighting its safety and efficacy. Furthermore, the emerging role of ketamine in managing opioid-tolerant and 

opioid-dependent patients in the perioperative period presents an intriguing area of research. The safety and 

adverse effects of ketamine are reviewed, including its potential cardiovascular, respiratory, and psychological 

effects. Finally, ongoing research and emerging evidence on ketamine are discussed, including new findings on 

its mechanisms of action, potential novel clinical applications, and optimization of dosing regimens. In 

conclusion, the reviewed literature supports the use of ketamine in various clinical settings, while 

acknowledging the limitations and uncertainties in its use. Continued research, evidence-based practice, and 

interdisciplinary collaboration are essential to help our understanding of ketamine and its potential clinical 

applications. 
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1. Introduction 

Ketamine is a dissociative anesthetic that has been 

used in clinical practice for over 50 years. 

Originally developed as a battlefield anesthetic, it 

quickly became a popular anesthetic agent due to 

its rapid onset, short duration, and hemodynamic 

stability [1].  

Over time, ketamine has also gained interest for its 

unique pharmacological properties, including its 

ability to produce analgesia, sedation, and 

dissociation. This has led to a recent surge in 

research on ketamine and its potential therapeutic 

uses. [2] 

In recent years, there has been growing interest in 

the potential therapeutic applications of ketamine, 

particularly in the fields of psychiatry and pain 

management. The use of low-dose ketamine 

infusions has shown promises in treating 

depression, anxiety, and post-traumatic stress 

disorder (PTSD), while high-dose ketamine has 

been used to manage acute and chronic pain. 

Additionally, ketamine has been studied for its 

potential use in treating addiction, autism, and 

other conditions [3]. 

Given the growing interest in the potential 

therapeutic uses of ketamine, it is important to 

review the current evidence and understand the 

current clinical applications of this drug.  

This review article will provide an overview of the 

recent research on ketamine, its unique 

pharmacological properties, and the current clinical 

uses of ketamine. By examining the current 

evidence, we can gain a better understanding of the 

potential benefits and risks associated with 

ketamine use and identify areas for further research 

and development. 

Pharmacology of Ketamine:  

Pharmacokinetics: 

Ketamine has a rapid onset of action, typically 

within seconds to minutes after intravenous 

administration, making it an ideal agent for use in 

emergency situations. The duration of action is 

relatively short, usually between 30 minutes to an 

hour, due to rapid redistribution from the central 

nervous system to other tissues [4]. 

Pharmacodynamics: 

Ketamine is a non-competitive N-methyl-D-

aspartate (NMDA) receptor antagonist, which 

produces dissociative anesthesia, analgesia, and 

sedation. Ketamine also interacts with other 

receptors, including opioid receptors, serotonin 

receptors, and cholinergic receptors, which may 

contribute to its effects on mood, cognition, and 

behavior [5]. 

Metabolic Pathways: 

Ketamine undergoes extensive hepatic metabolism, 

primarily through N-demethylation to form 

norketamine, which has similar pharmacological 

properties to ketamine. The elimination half-life of 

ketamine is approximately 2-3 hours, while the 

elimination half-life of norketamine is 

approximately 4-5 hours. Ketamine and 
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norketamine are further metabolized to 

hydroxylated and conjugated metabolites, which 

are excreted primarily in the urine [6].  

The pharmacokinetics and pharmacodynamics of 

ketamine are important considerations in its clinical 

use. The rapid onset and short duration of action 

make ketamine an ideal agent for use in emergency 

situations, as well as in short procedures where a 

fast recovery is desired. However, the short 

duration of action also means that repeat dosing 

may be necessary to maintain adequate anesthesia, 

which can increase the risk of adverse effects such 

as respiratory depression, hypertension, and 

delirium [7]. 

The metabolic pathways of ketamine may also 

impact its clinical use and potential adverse effects. 

In patients with hepatic dysfunction, the 

elimination half-life of ketamine may be prolonged, 

increasing the risk of accumulation and toxicity. 

Additionally, the formation of norketamine and its 

metabolites may contribute to the overall clinical 

effects and potential adverse effects of ketamine 

[8]. (Figure 1) 

 

 

 
 

Fig. (1) Metabolism. Ketamine is metabolized mainly to norketamine (80%), itself secondarily transformed into 

hydroxy-norketamine (15%), mainly 6-hydroxy-norketamine. Accessory pathway passes directly through the 

transformation of ketamine in hydroxyketamine (5%) [9]. 

 

Overall, the pharmacology of ketamine is complex 

and multi-faceted, with a unique mechanism of 

action and metabolic pathways that may impact its 

clinical use and potential adverse effects. 

Understanding the pharmacokinetics and 

pharmacodynamics of ketamine is essential for safe 

and effective use in clinical practice [9]. 

Clinical Uses of Ketamine 

Ketamine has been used for several decades as a 

dissociative anesthetic and analgesic agent. In 

recent years, there has been growing interest in the 

potential therapeutic uses of ketamine due to its 

unique pharmacological properties. Here is a 

comprehensive overview of the current clinical 

applications of ketamine [10]: 

Approved Uses: 

Ketamine is approved by the U.S. Food and Drug 

Administration (FDA) for use as a general 

anesthetic and as an analgesic in both humans and 

animals. In addition, ketamine is approved for use 

as a sedative in critical care settings, such as the 

intensive care unit (ICU) [11]. 

I. Field Anesthesia: 

During the Vietnam War, ketamine was initially 

used as an anesthetic for injured soldiers. It quickly 

gained popularity due to its rapid effects, absence 

of hypotension or respiratory depression, and 

suitability for field conditions. Even today, 

ketamine remains the preferred choice for inducing 

anesthesia in the absence of an anesthesiologist and 

monitoring equipment [12]. 

II. Emergency Induction in Hypotensive 

Patients: 

Ketamine's unique properties make it an ideal 

intravenous induction agent in emergency 

situations, particularly for patients in shock or with 

hypotension. Its rapid blood-cerebral transfer 

kinetics, sympathomimetic hemodynamic effects, 

and lack of adverse effects like impaired 

steroidogenesis provide distinct advantages. 

Research has shown that ketamine is a safe 

alternative to other agents for endotracheal 

intubation in critically ill patients with sepsis [11]. 

III. Ketamine and Brain Injuries: 

Traditionally, ketamine was contraindicated for 

patients with brain injuries due to concerns about 

increased cerebrospinal fluid pressure. However, 

recent studies challenge this notion, suggesting that 

ketamine can be used as a sedative and anesthetic 

in patients with brain injuries under controlled 

ventilation. Its neuroprotective effects contribute to 

reduced cell death and neuronal degeneration [13]. 

IV. Anesthesia in Specific Conditions: 
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Ketamine has proven effective in providing 

anesthesia for patients with restrictive pericarditis 

and pericardial tamponade. It allows maintenance 

of spontaneous ventilation, bronchodilation, and 

preservation of the CO2 curve. Additionally, 

ketamine offers benefits for anesthetizing patients, 

especially children, with congenital heart disease, 

improving cardiovascular function and blood 

oxygenation [14]. 

V. Analgesia in Burn Patients: 

Ketamine plays a crucial role in providing 

analgesia during burn dressing changes, excision 

and grafting procedures, and sedation. Its 

preservation of airway and spontaneous respiratory 

function makes it advantageous over other agents. 

Ketamine is particularly desirable for intramuscular 

administration in patients with extensive burns 

where finding suitable veins may be challenging 

[15]. 

VI. Combination Therapies: 

When combined with midazolam, 

dexmedetomidine, or propofol, ketamine enhances 

sedoanalgesia and facilitates burns dressings in 

both adults and children. These combinations offer 

effective pain relief without significant side effects 

[16].  

VII. Pediatric Premedication: 

Ketamine finds utility as a premedication drug for 

pediatric patients through various administration 

routes, such as oral, intranasal, intramuscular, or 

intravenous. Its rapid onset of action has made it a 

preferred choice for induction in children and 

mentally challenged patients. Moreover, ketamine, 

alone or in combination with propofol, attenuates 

emergence agitation induced by sevoflurane and 

provides postoperative sedation, analgesia, and 

hemodynamic stability [17]. 

Ketamine's Role in Analgesia: Acute, Chronic, 

and Cancer Pain Management 

i. Acute Pain Management: 

Ketamine has proven beneficial in acute pain 

management, particularly when used in conjunction 

with opioids. By adding ketamine to opioid 

treatment, respiratory depression induced by 

opioids can be prevented, while also mitigating 

hyperalgesia, which increases analgesic 

requirements. Studies have shown that the 

administration of ketamine during and after surgery 

significantly reduces postoperative pain sensitivity 

and morphine requirements. Additionally, 

perioperative intravenous ketamine has been found 

to decrease analgesic consumption and pain 

intensity without causing adverse effects on the 

central nervous system. In emergency departments, 

low-dose ketamine combined with reduced-dose 

hydromorphone has been successful in providing 

rapid and effective pain relief in patients with acute 

pain [18]. 

ii. Chronic Pain Management: 

Ketamine has gained popularity as a treatment 

option for chronic pain, particularly when 

neuropathic components are present. Despite the 

limited efficacy of traditional treatments, such as 

antidepressants, anti-epileptics, and opioids, 

ketamine has shown positive effects in patients 

suffering from chronic pain. Ketamine's ability to 

inhibit NMDA receptors contributes to its strong 

analgesic effects in neuropathic pain syndromes. 

Furthermore, ketamine can influence descending 

pain pathways involved in spinal transmission, 

modulating the inhibition of nociceptive input. By 

activating brain regions associated with descending 

inhibition, ketamine enhances or reactivates this 

inhibitory control system, providing relief for 

patients with peripheral neuropathy. Ketamine has 

been reported to reduce pain in various chronic 

pain syndromes, including postherpetic neuralgia, 

complex regional pain syndrome, cancer pain, 

fibromyalgia, and phantom limb pain [19]. 

iii. Cancer Pain Management: 

Ketamine has emerged as a treatment option for 

cancer pain, often prescribed as an adjuvant to 

opioids in patients with opioid-refractory pain or 

dominant neuropathic pain symptoms. Ketamine's 

benefits in cancer pain therapy include reducing 

opioid tolerance, hypersensitivity to pain, and 

enhancing endogenous pain inhibition. By adding 

ketamine to the treatment regimen, patients who no 

longer respond to opioids or experience 

neuropathic pain can achieve improved pain control 

and relief. 

Off-label Uses:  

Off-label uses of ketamine include acute pain 

management, perioperative analgesia, treatment of 

refractory depression, post-traumatic stress disorder 

(PTSD), and other psychiatric disorders such as 

bipolar disorder, obsessive-compulsive disorder 

(OCD), and anxiety disorders. In these settings, 

ketamine has been used as an adjunct or alternative 

to traditional treatments that have failed to provide 

adequate relief [20]. 

Evidence: 

The evidence supporting the use of ketamine in 

different clinical settings has been mixed but 

generally positive. In acute pain management, 

ketamine has been shown to provide effective 

analgesia and reduce opioid requirements in both 

adult and pediatric patients. In perioperative 

analgesia, ketamine has been shown to reduce 

postoperative pain and opioid consumption, as well 

as improve postoperative recovery [21]. 

In the treatment of refractory depression and PTSD, 

ketamine has shown rapid and sustained 

antidepressant effects, with response rates ranging 

from 50% to 70%. However, the optimal dosing 

regimen and duration of treatment are still under 

investigation [22]. 

Recent clinical trials, systematic reviews, and meta-

analyses have provided valuable insights into the 
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efficacy, safety, and optimal dosing regimens of 

ketamine in different clinical settings. For example, 

a recent meta-analysis of ketamine for acute pain 

management found that low-dose ketamine (<1 

mg/kg) was effective in reducing postoperative 

pain and opioid consumption, while high-dose 

ketamine (>1 mg/kg) was associated with higher 

rates of adverse events [23]. 

 

The administration routes and recommended doses 

of ketamine vary depending on the intended use. 

For intravenous (IV) administration, the starting 

dose typically ranges from 0.25 to 1 mg/kg for 

adults and 0.25 to 2 mg/kg for children. An 

alternative IV dosing range is 1 to 2 mg/kg for 

adults and 2 to 6 mcg·kg−1·min−1 for children. 

Intraosseous administration suggests a dose of 0.5 

to 1 mg/kg, while an alternative dose range is 1 to 2 

mg/kg. When administered intramuscularly, the 

recommended dose is 4 to 5 mg/kg, or 8 to 10 

mg/kg as an alternative. Oral administration is an 

option, with doses ranging from 3 to 15 mg/kg for 

children and a maximum of 500 mg for adults. 

Lastly, intranasal administration suggests a dose of 

0.25 to 4 mg/kg, or 3 to 9 mg/kg as an alternative. 

These administration routes and dose ranges 

provide flexibility in tailoring ketamine dosing to 

specific patient needs and circumstances. (Table 1) 

 

 

Table (1) Routs of administration and doses of ketamines [24]. 

 

Route of administration Starting dose 

Intravenous (IV) 

0.25–1 mg/kg (adults)* 

0.25–2 mg/kg (children)* 

1–2 mg/kg (adults)# 

2–6 mcg·kg−1·min−1 (children)# 

Intraosseous 
0.5−1 mg/kg* 

1–2 mg/kg# 

Intramuscular 
4−5 mg/kg* 

8–10 mg/kg# 

oral 
3−15 mg/kg (children)* 

500 mg maximum (adults)* 

Intranasal 
0.25−4 mg/kg* 

3−9 mg/kg# 

*Analgesia and sedation dose #Anesthesia dose. 

Overall, ketamine has a broad range of clinical 

applications, both approved and off-label. The 

evidence supporting the use of ketamine in 

different clinical settings is growing, with 

promising results in acute pain management, 

perioperative analgesia, treatment of refractory 

depression, and PTSD. However, more research is 

needed to establish the optimal dosing regimens 

and duration of treatment for each indication [25]. 

Safety and Adverse Effects: 

While ketamine has shown promise as a therapeutic 

agent, it is important to consider its safety profile, 

including potential adverse effects. Here is a review 

of the safety and adverse effects associated with 

ketamine use [26]: 

Potential Adverse Effects: 

Ketamine can cause a range of adverse effects, 

including cardiovascular, respiratory, and 

psychological effects. Cardiovascular effects can 

include increases in heart rate and blood pressure, 

which can be particularly concerning in patients 

with pre-existing cardiovascular disease. 

Respiratory effects can include respiratory 

depression, particularly at high doses or when 

administered too rapidly. Psychological effects can 

include hallucinations, dissociation, and delirium 

[27]. (Figure 2) 
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Fig. (2) Beneficial effects and adverse reactions associated with the use of ketamine [28]. 

 

Risk Factors: 

The risk of adverse effects associated with 

ketamine use can be influenced by various factors, 

including patient characteristics, dose, and route of 

administration. For example, elderly patients, 

patients with pre-existing cardiovascular disease, 

and patients with a history of substance abuse may 

be at higher risk for adverse cardiovascular effects. 

Higher doses of ketamine or more rapid 

administration may increase the risk of respiratory 

depression and psychological effects 
[2]

. 

Patient Selection, Monitoring, and 

Management: 

Appropriate patient selection, monitoring, and 

management are essential in the clinical use of 

ketamine. Patient characteristics should be 

carefully considered before ketamine 

administration, and patients should be monitored 

closely for potential adverse effects during and 

after the procedure. Monitoring should include 

continuous monitoring of vital signs, including 

heart rate, blood pressure, and oxygen saturation, as 

well as assessment of level of consciousness and 

pain [29]. 

In addition, appropriate management of potential 

adverse effects is essential in the clinical use of 

ketamine. For example, if respiratory depression 

occurs, ventilation and oxygenation should be 

supported, and naloxone may be administered to 

reverse opioid-induced respiratory depression. If 

psychological effects occur, such as hallucinations 

or delirium, benzodiazepines or other sedative 

agents may be used to control symptoms [30]. 

Future Directions and Emerging Evidence: 

Ketamine continues to be an area of active 

research, with ongoing investigations into its 

mechanisms of action and potential clinical 

applications. Here is an overview of the current 

state of research and emerging evidence on 

ketamine [31]: 

Mechanisms of Action: 

Recent research has shed new light on the 

mechanisms of action of ketamine, particularly its 

effects on the glutamate system and its ability to 

modulate synaptic plasticity. These findings have 

potential implications for the development of new 

therapies targeting glutamatergic dysfunction, 

particularly in psychiatric disorders such as major 

depressive disorder [32]. 

Novel Clinical Applications: 

Emerging evidence suggests that ketamine may 

have potential clinical applications beyond its 

current approved uses. For example, recent studies 

have explored the use of ketamine in the treatment 

of neuropathic pain, opioid-induced hyperalgesia, 

and migraine. Additionally, there is growing 

interest in the potential use of ketamine in the 

treatment of substance use disorders, particularly 

alcohol and cocaine dependence [33]. 

Uncertainty and Controversies: 

While the therapeutic potential of ketamine is 

promising, there are still areas of uncertainty and 

controversies in the current understanding of 

ketamine. For example, the long-term safety of 

repeated ketamine use is not well established, 

particularly in psychiatric populations. 

Additionally, there is ongoing debate around the 

optimal dosing strategies for ketamine, particularly 

in the treatment of depression, where there is 

variability in response rates and optimal dosing 

regimens [34]. 

Recommendations for Future Research and 

Clinical Practice: 

To address these uncertainties and controversies, 

future research on ketamine should focus on 

optimizing dosing regimens, evaluating long-term 

safety, and exploring potential new clinical 

applications. Additionally, the development of 

clinical practice guidelines for ketamine use should 

consider the potential for abuse and dependence, 

and the importance of appropriate patient selection, 
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monitoring, and management of potential adverse 

effects [35]. 

 

Conclusion 

Ketamine is a unique anesthetic with a complex 

pharmacological profile that has garnered 

increasing interest in recent years due to its 

potential therapeutic uses. This review has 

provided an overview of the current literature on 

ketamine, including its pharmacology, clinical uses, 

safety profile, and emerging evidence. 

The reviewed literature supports the use of 

ketamine in various clinical settings, including 

acute pain management, perioperative analgesia, 

treatment of refractory depression, and other 

psychiatric disorders. However, there are still 

uncertainties and controversies surrounding the 

long-term safety and optimal dosing strategies of 

ketamine, particularly in psychiatric populations. 

Overall, the current evidence highlights the 

potential of ketamine as a valuable tool in the 

management of pain and certain psychiatric 

conditions. However, appropriate patient selection, 

monitoring, and management of potential adverse 

effects are crucial in ensuring safe and effective use 

of ketamine. 

Continued research and evidence-based practice are 

essential to further our understanding of ketamine 

and its potential clinical applications. Additionally, 

interdisciplinary collaboration between 

anesthesiologists, psychiatrists, pain specialists, 

and other healthcare professionals is necessary to 

ensure optimal patient outcomes and promote safe 

and effective use of ketamine. 

In conclusion, ketamine is a promising area of 

research and clinical practice, and further studies 

are needed to optimize its use and fully understand 

its potential. 

 

References 

[1] A. Kumar, A. Kohli. Comeback of ketamine: 

resurfacing facts and dispelling myths. Korean J 

Anesthesiol;74:103-14. 2021 

[2] B.B. Kitch. Out-of-hospital ketamine: review of 

a growing trend in patient care. J Am Coll 

Emerg Physicians Open;1:183-9. 2020 

[3] A. Ragnhildstveit, J. Roscoe, L.C. Bass, C.L. 

Averill, C.G. Abdallah, L.A. Averill. The 

potential of ketamine for posttraumatic stress 

disorder: a review of clinical evidence. Ther 

Adv Psychopharmacol;13:20451253231154125. 

2023 

[4] D. Matveychuk, R.K. Thomas, J. Swainson, A. 

Khullar, M.A. MacKay, G.B. Baker, et al. 

Ketamine as an antidepressant: overview of its 

mechanisms of action and potential predictive 

biomarkers. Ther Adv 

Psychopharmacol;10:2045125320916657. 2020 

[5] C.F. Zorumski, Y. Izumi, S. Mennerick. 

Ketamine: NMDA Receptors and Beyond. J 

Neurosci;36:11158-64. 2016 

[6] R.J. Dinis-Oliveira. Metabolism and 

metabolomics of ketamine: a toxicological 

approach. Forensic Sci Res;2:2-10. 2017 

[7] A. Simonini, E. Brogi, M. Cascella, A. Vittori. 

Advantages of ketamine in pediatric anesthesia. 

Open Med (Wars);17:1134-47. 2022 

[8] P. Zanos, R. Moaddel, P.J. Morris, L.M. Riggs, 

J.N. Highland, P. Georgiou, et al. Ketamine and 

Ketamine Metabolite Pharmacology: Insights 

into Therapeutic Mechanisms. Pharmacol 

Rev;70:621-60. 2018 

[9] [G. Mion, T. Villevieille. Ketamine 

pharmacology: an update (pharmacodynamics 

and molecular aspects, recent findings). CNS 

Neurosci Ther;19:370-80. 2013 

[10] A. Abdollahpour, E. Saffarieh, B.H. 

Zoroufchi. A review on the recent application of 

ketamine in management of anesthesia, pain, 

and health care. J Family Med Prim 

Care;9:1317-24. 2020 

[11] M.S. Kurdi, K.A. Theerth, R.S. Deva. 

Ketamine: Current applications in anesthesia, 

pain, and critical care. Anesth Essays 

Res;8:283-90. 2014 

[12] A. Bali, A.K. Dang, D.A. Gonzalez, R. 

Kumar, S. Asif. Clinical Uses of Ketamine in 

Children: A Narrative Review. 

Cureus;14:e27065. 2022 

[13] M.C.T. Gregers, S. Mikkelsen, K.P. 

Lindvig, A.C. Brøchner. Ketamine as an 

Anesthetic for Patients with Acute Brain Injury: 

A Systematic Review. Neurocrit Care;33:273-

82. 2020 

[14] T. Aye, B. Milne. Ketamine anesthesia for 

pericardial window in a patient with pericardial 

tamponade and severe COPD. Can J 

Anaesth;49:283-6. 2002 

[15] A.C. Lintner, P. Brennan, M.V.P. Miles, 

C. Leonard, K.M. Alexander, S.A. Kahn. Oral 

Administration of Injectable Ketamine During 

Burn Wound Dressing Changes. J Pharm 

Pract;34:423-7. 2021 

[16] D.G. Canpolat, A. Esmaoglu, Z. Tosun, A. 

Akn, A. Boyaci, A. Coruh. Ketamine-propofol 

vs ketamine-dexmedetomidine combinations in 

pediatric patients undergoing burn dressing 

changes. J Burn Care Res;33:718-22. 2012 

[17] E.S. Isamade. Oral ketamine 

premedication in children. J West Afr Coll 

Surg;6:x-xii. 2016 

[18] R.F. Bell, E.A. Kalso. Ketamine for pain 

management. Pain Rep;3:e674. 2018 

[19] M. Niesters, C. Martini, A. Dahan. 

Ketamine for chronic pain: risks and benefits. 

Br J Clin Pharmacol;77:357-67. 2014 

[20] Z. Walsh, O.M. Mollaahmetoglu, J. 

Rootman, S. Golsof, J. Keeler, B. Marsh, et al. 



117                                                                                        Mona.M.Khedr, Ehab.E.Afify and Samar.R.Amin 

 

 

Benha Journal Of Applied Sciences, Vol. (8) Issue (2) (2023( 

Ketamine for the treatment of mental health and 

substance use disorders: comprehensive 

systematic review. BJPsych Open;8:e19. 2021 

[21] [E.S. Schwenk, E.R. Viscusi, A. 

Buvanendran, R.W. Hurley, A.D. Wasan, S. 

Narouze, et al. Consensus Guidelines on the 

Use of Intravenous Ketamine Infusions for 

Acute Pain Management From the American 

Society of Regional Anesthesia and Pain 

Medicine, the American Academy of Pain 

Medicine, and the American Society of 

Anesthesiologists. Reg Anesth Pain 

Med;43:456-66. 2018 

[22] P.R. Shiroma, P. Thuras, J. Wels, C.S. 

Albott, C. Erbes, S. Tye, et al. A randomized, 

double-blind, active placebo-controlled study of 

efficacy, safety, and durability of repeated vs 

single subanesthetic ketamine for treatment-

resistant depression. Transl Psychiatry;10:206. 

2020 

[23] E. Whittaker, A.R. Dadabayev, S.A. Joshi, 

P. Glue. Systematic review and meta-analysis of 

randomized controlled trials of ketamine in the 

treatment of refractory anxiety spectrum 

disorders. Ther Adv 

Psychopharmacol;11:20451253211056743. 

2021 

[24] R. Craven. Ketamine. Anaesthesia;62 

Suppl 1:48-53. 2007 

[25] S. Kohtala. Ketamine-50 years in use: 

from anesthesia to rapid antidepressant effects 

and neurobiological mechanisms. Pharmacol 

Rep;73:323-45. 2021 

[26] A. Bahji, G.H. Vazquez, C.A. Zarate, Jr. 

Comparative efficacy of racemic ketamine and 

esketamine for depression: A systematic review 

and meta-analysis. J Affect Disord;278:542-55. 

2021 

[27] T. Liebe, S. Li, A. Lord, L. Colic, A.L. 

Krause, A. Batra, et al. Factors Influencing the 

Cardiovascular Response to Subanesthetic 

Ketamine: A Randomized, Placebo-Controlled 

Trial. Int J Neuropsychopharmacol;20:909-18. 

2017 

[28] T.S. Dilip, G.M. Chandy, D. Hazra, J. 

Selvan, P. Ganesan. The adverse effects of 

Ketamine on Procedural Sedation and Analgesia 

(PSA) in the Emergency Department. J Family 

Med Prim Care;10:2279-83. 2021 

[29] S.B. Rosenbaum, V. Gupta, J.L. Palacios. 

Ketamine. 2017 

[30] K. Jonkman, E. van Rijnsoever, E. 

Olofsen, L. Aarts, E. Sarton, M. van Velzen, et 

al. Esketamine counters opioid-induced 

respiratory depression. Br J Anaesth;120:1117-

27. 2018 

[31] M.S. Lener, B. Kadriu, C.A. Zarate, Jr. 

Ketamine and Beyond: Investigations into the 

Potential of Glutamatergic Agents to Treat 

Depression. Drugs;77:381-401. 2017 

[32] V. Lazarevic, Y. Yang, I. Flais, P. 

Svenningsson. Ketamine decreases neuronally 

released glutamate via retrograde stimulation of 

presynaptic adenosine A1 receptors. Molecular 

psychiatry;26:7425-35. 2021 

[33] A. Pribish, N. Wood, A. Kalava. A 

Review of Nonanesthetic Uses of Ketamine. 

Anesthesiol Res Pract;2020:5798285. 2020 

[34] C. Sepulveda Ramos, M. Thornburg, K. 

Long, K. Sharma, J. Roth, D. Lacatusu, et al. 

The Therapeutic Effects of Ketamine in Mental 

Health Disorders: A Narrative Review. 

Cureus;14:e23647. 2022 

[35] S.T. Wilkinson, G. Sanacora. 

Considerations on the Off-label Use of 

Ketamine as a Treatment for Mood Disorders. 

Jama;318:793-4. 2017 

 


