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Abstract

Introduction: Ketamine is a well-established dissociative anesthetic. The discovery of its
NMDA receptor antagonism revealed new potential applications in pain management. It has
demonstrated promise as an analgesic for the treatment of chronic pain and has proven useful
in managing acute pain, such as that resulting from sports injuries or in pediatric care settings.
It is also a valuable alternative for patients who have not responded well to traditional pain
medications.

Materials and methods: This article reviews promising role of ketamine in pain management,
especially in chronic or cancer pain, incorporating data from Google Scholar, PubMed, using
keywords such as ,,ketamine”,,,chronic pain”, ,,acute pain”, ,,pain management”.

Summary: Current evidence supports the use of subanesthetic ketamine as an effective option
for acute pain management across various clinical settings, with potential to reduce opioid
dependence. Its unique antidepressant properties also make it beneficial for chronic pain
patients, especially those with comorbid depression. In conditions like CRPS and sickle cell
disease, low-dose ketamine has shown promising results in improving pain and function.
However, its effectiveness in fibromyalgia appears limited, with short-term infusions offering
only temporary relief. The pediatric population may particularly benefit from ketamine’s rapid,
intranasal administration, though dosing and safety must be carefully considered. While early
findings are encouraging, more research is needed to establish optimal protocols and to explore

its role in managing sport-related injuries.
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Conclusions: Ketamine finds various applications in pain therapy and is a promising
medication due to its efficacy in both chronic and acute pain management. However, further
research is necessary to precisely determine the therapeutic dosage ranges, the long-term effects
of its use, and the risk of addiction associated with its administration.

Key words: ketamine, chronic pain, acute pain, pain management

Al: Al was utilized for two specific purposes in this research. Text analysis of clinical reasoning
narratives to identify linguistic patterns associated with specific logical fallacies. Assistance in
refining the academic English language of the manuscript, ensuring clarity, consistency, and
adherence to scientific writing standards. Al were used for additional linguistic refinement of
the research manuscript, ensuring proper English grammar, style, and clarity in the presentation
of results. It is important to emphasize that all Al tools were used strictly as assistive instruments
under human supervision. The final interpretation of results, classification of errors, and
conclusions were determined by human experts in clinical medicine and formal logic. The Al
tools served primarily to enhance efficiency in data processing, pattern recognition, and
linguistic refinement, rather than replacing human judgment in the analytical process.

Introduction

Ketamine, originally developed as an anesthetic agent, has gained increasing attention in recent
years for its analgesic properties and diverse applications in pain management across various
populations, including sportsmen, children, cancer patients, and individuals with chronic pain
conditions. As an NMDA receptor antagonist, ketamine plays a critical role in modulating pain
pathways, providing effective analgesia while also exhibiting opioid-sparing effects, which is
particularly significant in the context of the ongoing opioid crisis[1,2]. Ketamine emerges as a
promising adjuvant or alternative therapy in treatment-resistant chronic pain. Its effectiveness
in enhancing quality of life for people with complex pain mechanisms which often lead to
psychological distress.

One significant advantage of ketamine is the variety of administration routes available, which

include intranasal, intravenous, and oral options. This versatility allows for its application in



numerous clinical scenarios. A pertinent example can be found in pediatrics, where the choice
of administration route must be tailored to the patient's age. Young children are often resistant
to needle pricks; hence, intranasal administration provides a rapid and non-invasive alternative,
minimizing additional adverse effects such as pain or distress.

Another application is observed in sports medicine, where medications may need to be
administered under challenging circumstances, such as during a match or while climbing. In
these situations, it is crucial that the chosen method of delivery is both straightforward and
carries a minimal risk of error during administration.

Furthermore, this article will also consider various side effects associated with ketamine use,
as they are common with virtually all medications. We will evaluate the overall benefit-risk
ratio, emphasizing the advantages that ketamine presents in the context of pain management

and other therapeutic areas.

Pharmacological mechanism of action

The pharmacological mechanism of ketamine's action in managing both acute injuries and
chronic pain syndromes in athletes is versatile. It has an analgesic action at many sites both
centrally and peripherally.[3] Main analgesic effect occurs through N-methyl-D-aspartate
(NMDA). The NMDA receptor is a complex molecular entity which is endowed with a number
of distinct recognition sites for endogenous and exogenous ligands. [4] Ketamine acts as an
noncompetitive antagonist, interrupting excitatory neurotransmission and attenuating central
sensitization processes that contribute to the amplification of pain signals in acute trauma.[5]
The antagonism of NMDARs is probably responsible for anaesthetic, analgesia, amnesic and
psychosensory effect of ketamine use. [6] According to better understanding of NMDA's
molecular biology, there has been more focus on developing new NMDA receptor blocking
drugs, which would help to relieve chronic pain or even central nervous system dysfunction. [7]
Ketamine is also known to take part in many other cellular processes such as nicotinic acetyl-
choline ion channels, non-NMDA glutamate receptors (a-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid (AMPA), delta and mu-opioid agonism and opioid
potentiation, metabotropic glutamate receptors (mGIuR), L-type Ca2p channels, the nitric-
oxide (NO)ecyclic guanosine-mono-phosphate (cGMP) system, increased release of aminergic
neuromodulators (dopamine and noradrenaline)[8] Ketamine also interacts with other receptors,
such as opioid and c-aminobutyric acid (GABA) receptors , [6] although in rather high



concentration.

There are reports that ketamine is able to interfere with descending pain inhibitory pathway. [6]
It can stimulate noradrenergic neurons, inhibit norepinephrine, serotonin and dopamine uptake.
Collectively, these integrated central and peripheral mechanisms underscore ketamine’s
promise as a versatile analgesic for acute injury management and for the sustained relief of

chronic pain in many medicine fields, such as sports medicine.

Acute pain

Ketamine has emerged as a valuable agent in the management of acute pain, particularly within
emergency and perioperative settings where rapid and effective analgesia is imperative.

In high doses ketamine is used as a general anesthetic in diagnostic and surgical procedures
which do not require skeletal muscle relaxation.[9] Ketamine is also commonly used as a
supplement to other anesthetic drugs. However, patients often reported a series of
psychotomimetic symptoms when recovering from ketamine-induced anesthesia, including
delusions, hallucinations, delirium and confusion, and out-of-body or near-death experiences,
which has largely hindered the clinical application of ketamine.[10]

To mitigate these adverse effects, the use of lower, subanesthetic doses has been advocated, as
these doses have proven effective in managing acute pain while minimizing the occurrence of
psychotropic side effects[11]. Current guidelines suggest that the recommended dose for
intravenous ketamine bolus in acute pain management should not exceed 0.35 mg/kg, and
continuous infusions should ideally be maintained below 1 mg/kg per hour; nonetheless,
pharmacodynamic and pharmacokinetic variances among patients often necessitate further dose
adjustments to achieve an optimal balance between analgesia and tolerability. [12] Moreover,
emerging evidence supports a promising role for intranasal ketamine as an analgesic modality
in emergency scenarios, with randomized clinical trials demonstrating that its efficacy and
safety profile is comparable to that of intravenous and intramuscular morphine.[13]

Ketamine is recognized for its analgesic properties while preserving cardiovascular stability,
spontaneous respirations, and protective airway reflexes - features that make it particularly
advantageous in trauma patients where these physiologic parameters are critical.[14]

The administration of subanesthetic doses of ketamine in acute trauma settings may offer a dual

benefit - providing effective sedation and analgesia while simultaneously interfering with the



consolidation of traumatic memories that contribute to the development of stress-related
disorders. Traumatic events such as natural disasters, warfare, and severe accidents are known
to precipitate conditions including acute stress disorder (ASD) and posttraumatic stress disorder
(PTSD), where overgeneral autobiographical memory (OGM) plays a significant role in the
persistence and severity of symptoms.[15] Autobiographical memory, comprising both episodic
recollections and semantic self-knowledge, serves as a substrate for personal narrative
construction; however, when altered by trauma, the resultant OGM leaves affected individuals
with less detailed and context-specific memories, a factor implicated in the maintenance of
PTSD pathology.[16] Ketamine’s mechanism, largely through antagonism of N-methyl-D-
aspartate (NMDA) receptors, has been shown to impair the encoding of new episodic memories
while leaving the retrieval of previously stored information relatively intact.[17] This selective
disruption suggests that by administering ketamine shortly after a traumatic incident, the
encoding of the immediate traumatic experience could be modified, potentially inhibiting the
development of intrusive memories and related stress disorders. A single subanesthetic
injection has been associated with deficits primarily confined to the encoding phase, supporting
the hypothesis that ketamine can serve as a neurocognitive intervention that dampens the impact
of traumatic experiences without compromising the integrity of pre-trauma autobiographical
memory[17]. Moreover, recent evidence from clinical settings indicates that the use of ketamine
in prehospital trauma care is associated with a reduced risk of developing PTSD, particularly
in patients without traumatic brain injury (TBI). This finding reinforces the proposition that
ketamine’s effects extend beyond immediate analgesia and sedation to include modulation of
the neurobiological processes underlying trauma memory consolidation. In this context, the
pharmacological profile of ketamine supports its role not only as an alternative or adjunct to
opioid analgesics but also as an agent capable of influencing the subsequent psychological
trajectory following acute trauma exposure.[18]

While the evidence is generally supportive, some reviews note that further high-quality,
large-scale studies are needed to refine optimal dosing regimens, assess long-term outcomes,
and better define its role within multimodal pain management protocols. Despite these
limitations, current evidence solidly supports the conclusion that ketamine, particularly at
subanesthetic doses, is a useful and effective option in acute pain management across diverse

clinical scenarios. Further research is needed to assess ketamine usage in sport-related injuries.



Chronic pain

Ketamine has emerged as a promising agent in the management of chronic pain due to
its efficacy in treating both chronic pain and depression, from which both are leading causes of
years to disability worldwide. [19]

Chronic pain is subcategorized by the 11th edition of international classification of
diseases (ICD-11) into chronic primary pain and chronic secondary pain. Chronic is defined as
the pain in one or more anatomical regions that persists or recurs for more than 3 months,and
symptoms are not better accounted for by another diagnosis. Chronic secondary pain is
considered as a symptom of another condition.[20]

Interest for using ketamine in chronic pain management has led to creation of Consensus
Guidelines on the Use of Intravenous Ketamine Infusions for Chronic Pain From the American
Society of Regional Anesthesia and Pain Medicine, the American Academy of Pain Medicine,
and the American Society of Anesthesiologists.[21] According to these recommendations there
is a grade B recommendation for the use of ketamine infusion in complex regional pain
syndrome, grade D recommendation against fibromyalgia, ischaemic limb pain, migraine
headache and lower back pain. According to these recommendations ketamine should not be
used in patients with poorly controlled cardiovascular disease and poorly controlled psychosis.
It should also be avoided in patients with severe hepatic impairment.

Ketamine as one of N-methyl-D-aspartate (NMDA) antagonists has been receiving new
attention in the treatment of neuropathic pain.[22] Neuropathic pain may develop due to damage
of the neuron or its downward and upward pathways. Neuropathic pain is often chronic and
resistant to therapy with non-steroidal anti-inflammatory drugs and opioids. [23]Systematic
review and meta-analysis of 18 randomized control studies in 2022 has shown that there is
statistically significant pain reduction by adding ketamine to treatment of chronic neuropathic
pain when compared to standard treatment. [24] Although this study revealed also a significant

increase in psychedelic effects amongst these patients.
Complex Regional Pain Syndrom

Complex Regional Pain Syndrome (CRPS) is a multifaceted chronic pain condition that
typically arises following fractures or soft tissue injury, although it can also occur in the absence

of an overt injury.[25] Clinically, CRPS is characterized by severe, persistent pain that is



disproportionate to the initial event, along with a range of sensory, vasomotor, sudomotor, and
trophic abnormalities.[26] CRPS is subcategorized into type 1 and type 2. CRPS I is
characterized by absence of major peripheral nerve injury, while type Il is tied with nerve
injury.[27] Population based studies suggest that CRPS occurs in 26 cases per 100 thousand.[28]
Incidence is found to be greater in females compared with males.

Research indicates that intravenous ketamine infusions can reduce pain intensity in CRPS
patients, with some studies suggesting beneficial effects when used alongside traditional
therapies.[29] Recent recommendations suggest that low-dose ketamine infusions can help
relieve symptoms of Complex Regional Pain Syndrome (CRPS) and enhance functional
recovery, potentially diminishing the need for opioid-based pain relief.[30] Continued
investigation is crucial to fully assess the long-term effectiveness and safety profile of ketamine
in managing CRPS, as well as to evaluate its role across different therapeutic approaches for

the condition.

Fibromyalgia

Fibromyalgia is second most common rheumatic disorder in adult population.[31] It is
characterized as a a widespread pain and tenderness in specific areas of the body.[32] It often
comes with other symptoms such as sleep disturbances, memory issues and mood disorders
like anxiety or depression. The exact cause of fibromyalgia isn't fully understood, but it is
believed to involve abnormal pain signaling in the nervous system..[33] The diagnostic criteria
for fibromyalgia were originally established in 1990. [34] These criteria made clinical
classification standarized, although along with research, there was a necessity to create a newer
ones (2010,2011,2016).[35]

In fibromyalgia, both peripheral and central sensitization play key roles in the development and
persistence of chronic pain.[36] NMDA receptors play a role in temporal summation of pain
from electrical and heat stimuli applied to skin.[37] This increased process observed in
fibromyalgia patients might be alleviated through the use of an NMDA receptor antagonist like
ketamine. Ketamine has shown promise in managing fibromyalgia symptoms, particularly in
cases where conventional treatments have failed, such as gabapentine, [38] milnacipran[39] or
oxycodon[40]. Reviews of studies using low-dose ketamine indicate that it can decrease both

pain levels and sensitivity to pressure.[41] While the effects can be significant, they are



typically short-lived, and repeated or maintenance infusions may be necessary. [42] In
randomized controlled trials the effectiveness of ketamine was short-term due to its
pharmacokinetics. The researchers suggest that a brief ketamine infusion does not provide
lasting pain relief for individuals with fibromyalgia, indicating that short-term administration

may be inadequate for achieving sustained analgesic benefits. [43]

Sickle-cell disease

Sickle-cell disease is one of the most common severe monogenic disorders in the world. [44]
Its pathophysiology centers on the polymerization of hemoglobin, leading to rigid, sickle-
shaped erythrocytes that obstruct blood flow. This vaso-occlusion results in acute pain episodes
and progressive organ damage, affecting the brain, kidneys, lungs, bones, and cardiovascular
system.[45] Sickle cell disease (SCD) is linked to early death, with the average lifespan of
affected individuals being around 43 years.[46] The application of ketamine in managing vaso-
occlusive crises (VOC) in sickle cell disease (SCD) has garnered increasing attention due to its
analgesic properties and potential to reduce opioid consumption. Vaso-occlusive crises are the
cause of hospitalization in nearly 95% cases. [47] These episodes are characterised by sudden,
intense pain, due to tissue ischaemia, caused by sickle-shaped cells occluding blood vessels.
Although opioid treatment is often very effective, its usefulness can be limited by unwanted
side effects.[48] Recent studies illustrate that low-dose ketamine infusion can facilitate
significant pain relief and enhance functional outcomes in these patients.[49] Subdissociative
doses of ketamine may reduce the need for opioids, and provide satisfactory analgesia. [29].
Pediatric studies also shown promise, as ketamine seems to be efficient adjuvant to opioid
therapy. For instance, retrospective evaluation demonstrated that children receiving ketamine
infusions in conjunction with opioids experienced better pain control during VOC compared to
those only treated with opioids [50]. Although low doses of subdissociative ketamine seem to
be safe for treating vaso-occlusive crises (VOC), there is limited information available on the

impact of repeated ketamine use over time.



Acute pain in Pediatrics

Pain is one of the most common complaints during emergency department visits. [51] Acute
pain is presented among children with chronic diseases, genetic disorders, juvenile idiopathic
arthritis, cancer, inflammatory bowel disease [51]. When it comes to pain management in
pediatrics, intranasal route of analgesic administration offers more advantages over the
intravenous route ,[52] such as minimizing the possibility of needle-stick injuries, distress to
the child by inserting an intravenous cannula or simply providing a faster method[53]. Ketamine
in low doses provides analgesia without significant sedation[54], as well as anti-inflammatory
effect .[55] Recent studies have demonstrated that ketamine can effectively reduce pain scores
in various clinical settings, including postoperative pain management and acute traumatic
injuries. One of the analgesics, fentanyl administered intranasally, is known as an effective
treatment of acute moderate to severe pain. [33]. There is a study that shows that intranasal
ketamine was as effective as intranasal fentanyl for analgesia in children with suspected
extremity fractures, highlighting its potential role in emergency scenarios.Ketamine can be
administered through several routes, including intravenous infusion, breath-actuated
nebulization, and intranasal delivery. Among pediatric populations, the latter two methods—
nebulized and intranasal administration—appear to be the most promising due to their non-
invasive nature and ease of use. Despite the therapeutic benefits, the implementation of
ketamine therapy necessitates careful monitoring and consideration of administration methods,

particularly in emergency departments where rapid pain relief is crucial.
Side effects

Ketamine administration, despite being beneficial for various pain management
contexts, mentioned above, is associated with different side effects depending on the dosing
regimen employed.

Subanesthetic, low-doses (up to 1 mg/kg), generate adverse effects that are generally
mild and manageable. Common side effects at this level include lightheadedness, confusion,
and short-term hallucinations — commonly known as psychomimetic effects are frequently
observed. Although the prevalence of such effects can vary, studies indicate an incidence as
low as 0% to 7% in pediatric populations receiving low-dose ketamine_[39]. Some studies

illustrate that in general population, most frequent side effect observed in patients treated by
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subanesthetic ketamine infusion therapy was a feeling of inebriation, in some cases alteration
in hepatic enzyme profile was noted.

In contrast, higher doses of ketamine are associated with higher risk of more severe adverse
effects. Clinically significant nausea, vomiting and psychotomimetic side - effects were
observed in recent studies.At elevated doses, ketamine may induce neurotoxic effects via a
mechanism referred to as excitotoxicity. Evidence also indicates that the likelihood of adverse
reactions rises with increasing doses of ketamine. In conclusion while ketamine remains an
important agent in pain management, attention to dosage is essential to minimize side effects

and ensure patient safety.

Summary and conclusions

Current evidence indicates that ketamine, particularly when administered at subanesthetic doses,
represents a valuable and effective approach to acute pain management in a variety of clinical
contexts. Despite some limitations, the findings underscore its utility across different
populations. However, there is a need for additional research to evaluate the application of
ketamine specifically in the treatment of sport-related injuries.

Current evidence suggests a promising role for ketamine in the management of acute pain,
particularly in the context of addressing the ongoing opioid crisis. In terms of its application in
the treatment of chronic pain, an additional advantage is that this condition is often
accompanied by comorbid disorders such as depression. Ketamine has been shown to have a
positive effect on the treatment of these types of disorders as well. Research indicates that
ketamine's rapid antidepressant effects may contribute to improved overall pain management
by addressing both pain and its psychological components. While preliminary data suggest that
low-dose ketamine could be beneficial in a multimodal approach to CRPS management, further
research is necessary to determine the optimal dosing strategies and long-term outcomes for
patients. In relation to fibromyalgia, recent findings suggest that a brief ketamine infusion does
not yield enduring pain relief for affected individuals, indicating that short-term treatment may

not suffice for achieving prolonged analgesic effects. Conversely, recent studies have

11



demonstrated that low-dose ketamine infusion can significantly alleviate pain and improve
functional outcomes in patients with sickle cell disease. Furthermore, administering
subdissociative doses of ketamine may lessen the reliance on opioids while providing adequate
analgesia for patients in need.When considering the use of ketamine in the pediatric population,
it is essential to take into account dosing and potential side effects. However, it appears that
ketamine is a promising medication, particularly due to its administration route, which is rapid
and intranasal.

Despite some limitations, the findings underscore its utility across different populations.
However, there is a need for additional research to evaluate the application of ketamine

specifically in the treatment of sport-related injuries.

Disclosure

Author's contribution

Conceptualization: Joanna Katuska, Klaudia Mosciszko, Tomasz Suprun

Methodology: Dominika Hakato, Monika Olszanska, Aleksandra Sokot,

Formal analysis: Katarzyna Nowicka, Aleksandra Sokot, Wiktor Klimek

Investigation: Wiktor Klimek, Marta Ignatiuk-Chilkiewicz, Tomasz Suprun

Writing-rough preparation: Maria Majewska, Aleksandra Sokoét, Klaudia Mosciszko
Writing-review and editing: Katarzyna Nowicka, Wiktor Klimek, Joanna Katuska, Dominika
Hakato, Marta Ignatiuk-Chilkiewicz

Supervision: Katarzyna Nowicka

Receiving funding - no specific funding.

All authors have read and agreed with the published version of the manuscript.
Financing statement

This research received no external funding.

Institutional Review Board Statement

12



Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Not applicable.

Conflict of interest

The authors deny any conflict of interest.

References

1.

Anghelescu DL, Ryan S, Wu D, Morgan KJ, Patni T, Li Y. Low-dose ketamine infu-
sions reduce opioid use in pediatric and young adult oncology patients. Pediatr Blood
Cancer. 2022;69(9):29693. doi:10.1002/pbc.29693

Barrett W, Buxhoeveden M, Dhillon S. Ketamine: a versatile tool for anesthesia and
analgesia.  Curr  Opin  Anaesthesiol. 2020  Oct;33(5):633-638.  doi:
10.1097/AC0.0000000000000916. PMID: 32826629.

Hocking G, Cousins MJ. Ketamine in chronic pain management: an evidence-based re-
view. Anesth Analg. 2003;97(6):1730-17309.
doi:10.1213/01.ANE.0000086618.28845.9B

Scatton B. The NMDA receptor complex. Fundam Clin Pharmacol. 1993;7(8):389-400.
doi:10.1111/j.1472-8206.1993.tb01036.x

Zgaia AO, Fadgyas-Stanculete M, Popa L, et al. The role of ketamine in the treatment
of chronic cancer pain. Med Pharm Rep. 2015;88(4):457-461. doi:10.15386/cjmed-500
Ma X, Yan J, Jiang H. Application of ketamine in pain management and the underlying
mechanism. Pain Res Manag. 2023;2023:1928969. doi:10.1155/2023/1928969
Sawynok J. Topical and peripheral ketamine as an analgesic. Anesth Analg.
2014;119(1):170-178. doi:10.1213/ANE.0000000000000246

Sleigh J, Harvey M, Voss L, Denny B. Ketamine — more mechanisms of action than just
NMDA  blockade.  Trends Anaesth  Crit Care. 2014;4(2-3):76-81.
doi:10.1016/j.tacc.2014.03.002

13


https://pubmed.ncbi.nlm.nih.gov/35373875/
https://pubmed.ncbi.nlm.nih.gov/32826629/
https://pubmed.ncbi.nlm.nih.gov/14633551/
https://pubmed.ncbi.nlm.nih.gov/8294079/
https://pubmed.ncbi.nlm.nih.gov/26733743/
https://pubmed.ncbi.nlm.nih.gov/37622028/
https://pubmed.ncbi.nlm.nih.gov/24945127/
https://www.sciencedirect.com/science/article/pii/S2210844014200062

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Par Pharmaceutical. Product information: KETALAR intravenous injection, intramus-
cular injection, ketamine HCI intravenous injection, intramuscular injection. Chestnut
Ridge, NY, USA: Par Pharmaceutical; 2017.

Morgan CJA, Curran HV; Independent Scientific Committee on Drugs (ISCD). Keta-
mine use: a review. Addiction. 2012;107(1):27-38. d0i:10.1111/j.1360-
0443.2011.03576.x

Bowdle AT, Radant AD, Cowley DS, et al. Psychedelic effects of ketamine in healthy
volunteers: relationship to steady-state plasma concentrations. Anesthesiology.
1998;88(1):82-88. doi:10.1097/00000542-199801000-00015

Schwenk ES, Viscusi ER, Buvanendran A, 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. 2018;43(5):1-
13. doi:10.1097/AAP.0000000000000806

Shimonovich S, Sagi R, Shavit I, et al. Intranasal ketamine for acute traumatic pain in
the emergency department: a prospective, randomized clinical trial of efficacy and
safety. BMC Emerg Med. 2016;16(1):43. doi:10.1186/s12873-016-0107-0

Morgan MM, Crane CS, Pons PT, et al. Ketamine use in prehospital and hospital treat-
ment of the acute trauma patient: a joint position statement. Prehosp Emerg Care.
2021;25(4):588-592. d0i:10.1080/10903127.2020.1801920

Melcer T, Seim NB, Stalnaker KA, et al. Is prehospital ketamine associated with a
change in the prognosis of PTSD? Mil Med. 2023;188(7-8):e2165-e2174.
doi:10.1093/milmed/usac014

Duek O, Kelmendi B, Pietrzak RH, Harpaz-Rotem I. Modulating amygdala activation
to traumatic memories with a single ketamine infusion. PsyArXiv. Published July 9,
2021. d0i:10.1101/2021.07.07.21260166

Hetem LAB, Danion J, Diemunsch P, Brandt C. Effect of a subanesthetic dose of keta-
mine on memory and conscious awareness in healthy volunteers. Psychopharmacology
(Berl). 2000;152(3):283-288. doi:10.1007/s002130000511

Melcer T, Walker GJ, Dye JL, et al. Is prehospital ketamine associated with a change in
the prognosis of PTSD? Mil Med. 2023;188(7-8):€2165-2174.
d0i:10.1093/milmed/usac014

Global Burden of Disease Study 2013 Collaborators. Global, regional, and national in-
cidence, prevalence, and years lived with disability for 301 acute and chronic diseases
and injuries in 188 countries, 1990-2013: a systematic analysis for the Global Burden
of Disease Study 2013. Lancet. 2015;386:743-800.

Treede RD, Rief W, Barke A, et al. A classification of chronic pain for ICD-11. Pain.
2015;156(6):1003-1007. doi:10.1097/j.pain.0000000000000160

Cohen SP, Bhatia A, Buvanendran A, et al. Consensus guidelines on the use of intrave-
nous ketamine infusions for chronic pain from the American Society of Regional Anes-
thesia and Pain Medicine, the American Academy of Pain Medicine, and the American
Society of Anesthesiologists. Reg Anesth Pain Med. 2018;43(5):521-546.

Hocking G, Cousins MJ. Ketamine in chronic pain management: an evidence-based re-
view. Anesth Analg. 2003;97(6):1730-17309.
doi:10.1213/01.ANE.0000086618.28845.9B

Cohen SP, Mao J. Neuropathic pain: mechanisms and their clinical implications. BMJ.
2014;348:f7656. d0i:10.1136/bm].f7656

14


https://pubmed.ncbi.nlm.nih.gov/21777321/
https://pubmed.ncbi.nlm.nih.gov/21777321/
https://pubmed.ncbi.nlm.nih.gov/9447860/
https://pubmed.ncbi.nlm.nih.gov/29870457/
https://bmcemergmed.biomedcentral.com/articles/10.1186/s12873-016-0107-0
https://pubmed.ncbi.nlm.nih.gov/32776812/
https://academic.oup.com/milmed/article-abstract/188/7-8/e2165/6519201
https://www.researchgate.net/publication/353146479_Modulating_amygdala_activation_to_traumatic_memories_with_a_single_ketamine_infusion
https://link.springer.com/article/10.1007/s002130000511
https://academic.oup.com/milmed/article-abstract/188/7-8/e2165/6519201
https://pubmed.ncbi.nlm.nih.gov/25844555/
https://pubmed.ncbi.nlm.nih.gov/14633551/
https://pubmed.ncbi.nlm.nih.gov/24500412/

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Guimaraes Pereira JE, Ferreira Gomes Pereira L, Mercante Linhares R, et al. Efficacy
and safety of ketamine in the treatment of neuropathic pain: a systematic review and
meta-analysis of randomized controlled trials. J Pain Res. 2022;15:1011-1037.
doi:10.2147/JPR.S358070

Bruehl S, Warner DS. An update on the pathophysiology of complex regional pain syn-
drome. Anesthesiology. 2010;113(3):713-725.

Alabdaly HM, Alramadhan SAH, Almutairi AJF, et al. Overview on complex regional
pain syndrome: a review. J Pharm Res Int. 2021;33(51A):257-265.
doi:10.9734/jpri/2021/v33i51a33491

Brook P, Connell J, Pickering T. Oxford Handbook of Pain Management. Oxford: Ox-
ford University Press; 2011.

de Mos M, de Bruijn AG, Huygen FJ, et al. The incidence of complex regional pain
syndrome: a population-based study. Pain. 2007;129(1-2):12-20.

Sigtermans M, Noppers I, Sarton E, et al. An observational study on the effect of s(+)-
ketamine on chronic pain versus experimental acute pain in complex regional pain syn-
drome type 1 patients. Eur J Pain. 2010;14(3):302-307.
doi:10.1016/j.ejpain.2009.05.012

Patil S, Anitescu M. Efficacy of outpatient ketamine infusions in refractory chronic pain
syndromes: a 5-year retrospective analysis. Pain Med. 2012;13(2):263-269.
d0i:10.1111/j.1526-4637.2011.01241.x

Clauw DJ. Fibromyalgia: a clinical review. JAMA. 2014;311(15):1547-1555.
doi:10.1001/jama.2014.3266

Wolfe F, Ross K, Anderson J, Russell 1J, Hebert L. The prevalence and characteristics
of fibromyalgia in the general population. Arthritis Rheum. 1995;38(1):19-28.
doi:10.1002/art.1780380104

Siracusa R, Di Paola R, Cuzzocrea S, Impellizzeri D. Fibromyalgia: pathogenesis,
mechanisms, diagnosis and treatment options update. Int J Mol Sci. 2021;22(8):3891.
d0i:10.3390/ijms22083891

Wolfe F, Clauw DJ, Fitzcharles MA, et al. Fibromyalgia criteria and severity scales for
clinical and epidemiological studies: a modification of the ACR preliminary diagnostic
criteria for fibromyalgia. J Rheumatol. 2011;38(6):1113-1122.
d0i:10.3899/jrheum.100594

Wolfe F, Clauw DJ, Fitzcharles MA, et al. The American College of Rheumatology
preliminary diagnostic criteria for fiboromyalgia and measurement of symptom severity.
Arthritis Care Res. 2010;62(5):600-610. doi:10.1002/acr.20140

O’Brien AT, Deitos A, Trinanes Pego Y, Fregni F, Carrillo-de-la-Pefia MT. Defective
endogenous pain modulation in fibromyalgia: a meta-analysis of temporal summation
and conditioned pain modulation paradigms. J Pain. 2018;19(8):819-836.
Graven-Nielsen T, Kendall SA, Henriksson KG, et al. Ketamine reduces muscle pain,
temporal summation, and referred pain in fibromyalgia patients. Pain. 2000;85(3):483-
491. doi:10.1016/S0304-3959(99)00308-5

Moore RA, Wiffen PJ, Derry S, Toelle T, Rice AS. Gabapentin for chronic neuropathic
pain and fibromyalgia in adults. Cochrane Database Syst Rev. 2014;(4):CD007938.
d0i:10.1002/14651858.CD007938.pub3

Cording M, Derry S, Phillips T, Moore RA, Wiffen PJ. Milnacipran for pain in fibrom-
yalgia in adults. Cochrane Database Syst Rev. 2015;(10):CD008244.
d0i:10.1002/14651858.CD008244.pub3

15


https://pubmed.ncbi.nlm.nih.gov/35431578/
https://journaljpri.com/index.php/JPRI/article/view/4257
https://pubmed.ncbi.nlm.nih.gov/19540140/
https://pubmed.ncbi.nlm.nih.gov/21939497/
https://pubmed.ncbi.nlm.nih.gov/24737367/
https://pubmed.ncbi.nlm.nih.gov/7818567/
https://pubmed.ncbi.nlm.nih.gov/33918736/
https://pubmed.ncbi.nlm.nih.gov/21285161/
https://pubmed.ncbi.nlm.nih.gov/20461783/
https://pubmed.ncbi.nlm.nih.gov/10781923/
https://pubmed.ncbi.nlm.nih.gov/24771480/
https://pubmed.ncbi.nlm.nih.gov/26482422/

40.

41.

42.

43.

44,

45,

46.

471.

48.

49,

50.

51.

52.

53.

54,

55.

Gaskell H, Moore RA, Derry S, Stannard C. Oxycodone for neuropathic pain and fi-
bromyalgia in adults. Cochrane Database Syst Rev. 2014;(6):CD010692.
d0i:10.1002/14651858.CD010692.pub2

Pastrak M, Abd-Elsayed A, Ma F, Vrooman B, Visnjevac O. Systematic review of the
use of intravenous ketamine for fibromyalgia. Ochsner J. 2021;21(4):387-394.
doi:10.31486/t0j.21.0038

Gupta R, Bhar S. Maintenance 1V ketamine therapy in the fibromyalgia patient: a case
report. Health Psychol Res. 2023;11:89640. doi:10.52965/001¢.89640

Noppers I, Niesters M, Swartjes M, et al. Absence of long-term analgesic effect from a
short-term S-ketamine infusion on fibromyalgia pain: a randomized, prospective, dou-
ble blind, active placebo-controlled trial. Eur J Pain. 2011;15(9):942-949.
d0i:10.1016/j.ejpain.2011.03.008

Rees DC, Williams TN, Gladwin MT. Sickle-cell disease. Lancet.
2010;376(9757):2018-2031. doi:10.1016/S0140-6736(10)61029-X

Elendu C, Amaechi DC, Alakwe-Ojimba CE, et al. Understanding sickle cell disease:
causes, symptoms, and treatment options. Medicine (Baltimore). 2023;102(38):e35237.
d0i:10.1097/MD.0000000000035237

Brandow AM, Liem RI. Advances in the diagnosis and treatment of sickle cell disease.
J Hematol Oncol. 2022;15(1):20. doi:10.1186/s13045-022-01237-z

Darbari DS, Sheehan VA, Ballas SK. The vaso-occlusive pain crisis in sickle cell dis-
ease: definition, pathophysiology, and management. Eur J Haematol. 2020;105(3):237-
246. doi:10.1111/ejh.13430

Roll¢ A, Vidal E, Laguette P, et al. Pain control for sickle cell crisis, a novel approach?
A retrospective study. Medicina (Kaunas). 2023;59(12):2196.
doi:10.3390/medicina59122196

Bawany MH, Motov S. Subdissociative-dose ketamine for sickle cell vaso-occlusive
crisis: a narrative review for the emergency physician. Clin Exp Emerg Med.
2022;9(3):169-175. doi:10.15441/ceem.22.326

Neri C, Pestieau S, Young H, EImi A, Finkel J, Darbari D. Low-dose ketamine for chil-
dren and adolescents with acute sickle cell disease related pain: a single center experi-
ence. J Anesth Clin Res. 2014;5(3)..d0i:10.4172/2155-6148.1000394

Krauss BS, Calligaris L, Green SM, Barbi E. Current concepts in management of pain
in children in the emergency department. Lancet. 2016;387(10013):83-92.
d0i:10.1016/S0140-6736(14)61686-X

Del Pizzo J, Callahan JM. Intranasal medications in pediatric emergency medicine.
Pediatr Emerg Care. 2014;30(7):496-501; quiz 502-4.
doi:10.1097/PEC.0000000000000171

Murphy A, O’Sullivan R, Wakai A, et al. Intranasal fentanyl for the management of
acute pain in children. Cochrane Database Syst Rev. 2014;(10):CD009942.
d0i:10.1002/14651858.CD009942.pub2

Oliveira JESL, Lee JY, Bellolio F, Homme JL, Anderson JL. Intranasal ketamine for
acute pain management in children: a systematic review and meta-analysis. Am J Emerg
Med. 2020;38(9):1860-1866. doi:10.1016/j.ajem.2020.05.094

Asadi H, Nikooseresht M, Noori L, Behnoud F. The effect of administration of ketamine
and paracetamol versus paracetamol singly on postoperative pain, nausea and vomiting
after  pediatric  adenotonsillectomy.  Anesthesiol Pain  Med. 2016;6(1).
doi:10.5812/aapm.31210

16


https://pubmed.ncbi.nlm.nih.gov/24956205/
https://pubmed.ncbi.nlm.nih.gov/34984054/
https://pubmed.ncbi.nlm.nih.gov/38033618/
https://pubmed.ncbi.nlm.nih.gov/21482474/
https://pubmed.ncbi.nlm.nih.gov/21131035/
https://pubmed.ncbi.nlm.nih.gov/37746969/
https://pubmed.ncbi.nlm.nih.gov/35241123/
https://pubmed.ncbi.nlm.nih.gov/32301178/
https://www.researchgate.net/publication/376626679_Pain_Control_for_Sickle_Cell_Crisis_a_Novel_Approach_A_Retrospective_Study
https://pubmed.ncbi.nlm.nih.gov/36168777/
https://www.researchgate.net/publication/286072178_Low-dose_Ketamine_for_Children_and_Adolescents_with_Acute_Sickle_Cell_Disease_Related_Pain_A_Single_Center_Experience
https://pubmed.ncbi.nlm.nih.gov/26095580/
https://pubmed.ncbi.nlm.nih.gov/24987995/
https://pubmed.ncbi.nlm.nih.gov/25300594/
https://pubmed.ncbi.nlm.nih.gov/32739857/
https://pubmed.ncbi.nlm.nih.gov/27110529/

56.

S7.

58.

59.

60.

61.

Sheehy KA, Lippold C, Rice AL, Nobrega R, Finkel JC, Quezado ZMN. Subanesthetic
ketamine for pain management in hospitalized children, adolescents, and young adults:
a single-center cohort study. J Pain Res. 2017;10:787-795. doi:10.2147/jpr.s131156
Reynolds S, Bryant K, Studnek JR, et al. Randomized controlled feasibility trial of in-
tranasal ketamine compared to intranasal fentanyl for analgesia in children with sus-
pected extremity fractures. Acad Emerg Med. 2017;24(12):1430-1440.
doi:10.1111/acem.13313

Rhodes AJ, Fagan MJ, Motov S, Zerzan J. Nebulized ketamine for managing acute pain
in the pediatric emergency department. Turk J Emerg Med. 2021;21(2):75-78.
d0i:10.4103/2452-2473.313334

White MC, Shah N, Lindley K, Lloyd-Thomas A, Thomas M. Pain management in ful-
minating  ulcerative  colitis. Pediatr ~ Anesth. 2006;16(11):1148-1152.
d0i:10.1111/j.1460-9592.2006.01913.x

Correll GE, Maleki J, Gracely EJ, Muir JJ, Harbut RE. Subanesthetic ketamine infusion
therapy: a retrospective analysis of a novel therapeutic approach to complex regional
pain syndrome. Pain Med. 2004;5(3):263-275. doi:10.1111/j.1526-4637.2004.04043.x
Al-Aown A, Fligou F, Kallidonis P, et al. Deep sedation in GreenLight laser prostatec-
tomy. Urol Ann. 2016;8(2):203. d0i:10.4103/0974-7796.177195

62. Liester M, Wilkenson R, Patterson B, Liang B. Very low-dose sublingual ketamine

for borderline personality disorder and treatment-resistant depression. Cureus. 2024.
doi:10.7759/cureus.57654

17


https://pubmed.ncbi.nlm.nih.gov/28435316/
https://pubmed.ncbi.nlm.nih.gov/28926159/
https://pubmed.ncbi.nlm.nih.gov/33969243/
https://onlinelibrary.wiley.com/doi/10.1111/j.1460-9592.2006.01913.x
https://pubmed.ncbi.nlm.nih.gov/15367304/
https://pubmed.ncbi.nlm.nih.gov/27141193/
https://pubmed.ncbi.nlm.nih.gov/38707115/

