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Disclosures

•No disclosures for ineligible companies

•FDA approved use and off-label use of 
ketamine will be discussed



Objectives

1.Briefly review history of ketamine

2.Understand unique pharmacology of ketamine

3.Review evidence for its use in treating pain and mood 
disorders

4.Appreciate safety and toxicity concerns

5. Identify appropriate patient candidates 

6.Formulate dosing strategies



Why Ketamine?

“Serious illness” is a health condition that 
carries a high risk of mortality AND either 
negatively impacts a person's daily function 
or quality of life, OR excessively strains their 
caregivers.

• High burden of mental distress and pain 
refractory to multimodal care or with limited 
prognosis

Kelley AS, Bollens-Lund E. Identifying the Population with Serious Illness: The "Denominator" Challenge. J Palliat Med. 2018;21(S2):S7-S16.



History
1956 – synthesis of phencyclidine (PCP)

1962 – synthesis of CI-5181​

Mion G. History of anaesthesia: The ketamine story - past, present and future. Eur J Anaesthesiol. 2017;34(9):571-575.

Subramanian S, Haroutounian S, Palanca BJA, Lenze EJ. Ketamine as a therapeutic agent for depression and pain: mechanisms and evidence. J Neurol Sci. 2022;434:120152.​

1960s – first reports of recreational use. Significant use in field in Vietnam war

1970 – FDA approval of racemic Ketalar for induction and maintenance of GA​

1980s – Discovery of N-methyl-D-aspartate receptor (NMDAR ​)

2000 – Discovery of rapid and powerful antidepressant effect by Yale researchers

2019 – FDA approval of intranasal esketamine (Spravato)​​ as combination therapy in TRD

2020 – FDA approval of intranasal esketamine expanded to include MDD and suicidal ideation

2025 – FDA approval of  intranasal esketamine as monotherapy for TRD

Nowacka A, Borczyk M. Ketamine applications beyond anesthesia - A literature review. Eur J Pharmacol. 2019;860:172547.​
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Pharmacology

Formulation​ Bioavailability​

Intravenous​ 100%​

Intramuscular​ 95%​

Intranasal​ 50%​

Sublingual​ 30%​

Rectal​ 30%​

Oral​ 17%​

Porpiglia N, Musile G, Bortolotti F, De Palo EF, Tagliaro F. Chiral separation and determination of ketamine and norketamine in hair by capillary 
electrophoresis. Forensic Sci Int. 2016;266:304-310.

PMID: 35092901.



Pharmacokinetics
•~30% plasma protein binding ability

•Oxidation via CYP450

•CYP2B6

•CYP3A4

•Norketamine is primary metabolite

•Hydroxynorketamine secondary metabolite

•Primarily renally excreted but given short half life dosing 
adjustments not necessary in renal impairment



Pharmacokinetics
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PMID: 25724645.



Mechanism of action - Pain

10

Glutamate

PMID: 35092901.

https://doi.org/10.1007/978-3-030-12281-2_24

Ketamine



Wind up Phenomenon
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Mechanism of Action

Additional areas of involvement:

1.  α-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
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PMID: 35092901.

2.   Hyperpolarization-activated cyclic nucleotide-gated channels (HCN)​

3.   Opioid receptors​​

4.   Monoaminergic pathways​​​

5.   Inflammatory pathways



Mechanism of Action - Depression
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https://tim.blog/2022/10/03/dr-john-krystal-ketamine-transcript/

Only Serotonin?

https://i1.rgstatic.net/ii/profile.image/272917053308928-1442079904048_Q512/Pedro-Delgado-10.jpg

https://pbs.twimg.com/media/D3UL34JXkAUP_2r.j

pg

https://www.rockefeller.edu/news/27135-neuroscientist-bruce-mcewen-studied-impact-stress-brain-died/



Mechanism of Action - Depression
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doi:10.1038/mp.2017.255 doi:10.1176/appi.ajp.20240378

1. Ketamine antagonizes NMDARs on 

GABA interneurons

2. Those interneurons momentarily inhibit 

less

3. These disinhibited pyramidal cells fire 

more and extra glutamate is released into 

synapses

4. Glutamate preferentially drives AMPA 

receptors on post synaptic neurons

5. AMPA throughput (and MOR agonism) 

triggers BDNF release, leading mTOR to 

regrow and stabilize synaptic connections
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Physiologic effects of ketamine

•https://www.ncbi.nlm.nih.gov/books/NBK470357/
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PMID: 32826629.

Absolute Contraindications:

1. History of allergy to ketamine

2. History of schizophrenia

Relative Contraindications

1. Substance use disorder

2. Cardiovascular conditions

3. Chronic liver disease



Safety

•Drug interactions (CYP3A4):
-clarithromycin and grapefruit juice

-Rifampin and St. John's wort

•Psychomimetic phenomena

•Urinary tract toxicity

•Hepatobiliary toxicity

•Cardiovascular

17

PMID: 26096492.

https://media.newyorker.com/photos/61c36010a781a26a4a73ffb5/1:1/w_2560,h_2560,c_limit/Witt_Ketamine.png



Misuse / Addiction risk

PMID: 35896744.



Cognitive Impairment

• Preclinical studies suggest neurotoxic effects
o Doses exceed clinical or recreational doses

• Acute IV subanesthetic doses have been shown to impact 
memory, semantic processing and procedural learning
o Effects resolved within 3 days

• Chronic recreational use shows similar acute effects on 
memory
o Cessation of use for one year led to an improvement in memory 

performance

PMID: 38518272
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Indications

•FDA approved: Induction and maintenance of 
general anesthesia; Treatment-resistant depression 
(esketamine) as monotherapy; Suicidal ideation with 
MDD

•Off label: Acute pain, neuropathic pain, complex 
regional pain syndrome, opioid induced 
hyperalgesia, fibromyalgia, suicidal ideation, PTSD, 
substance use disorder...whatever the social media 
algorithm suggests?
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PMID: 32826629.



Caution – Heterogeneity ahead
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https://static.s4be.cochrane.org/app/uploads/2018/10/rawpixel-532413-unsplash-e1543507896731.jpg



  Acute Perioperative Pain
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Meta-analysis looking at ketamine when added to opioids perioperatively

Nine trials (535 adults, 60 children) reported pain intensity at rest at 24 

hours and found reduces 24-h pain (−1.1 VAS) and morphine use (~−13 

mg) and lowers PONV risk, without increasing hallucinations

PMID: 27780181.



Acute Pain in ED
24

8 RCTs

1191 patients

Studies used subanesthetic ketamine doses 

ranging from 0.2 to 0.5 mg/kg IV.

All studies used morphine boluses of 

0.1 mg/kg  IV

No difference up to first 60 minutes. 

Morphine superior after 60 min with similar 

safety profile



Chronic non-cancer pain

PMID: 41099780



Chronic non-cancer pain

PMID: 41099780



Chronic non-cancer pain (NP)

• 5 RCTs

• 182 pts

• Pain 
assessed 
at 1 
week, 15 
days and 
30 days 
showed 
reduction 
in baseline 
pain of 
46%

doi:10.2147/JPR.S358070



Chronic non cancer pain (CRPS)

•15 studies (RCT 
or cohort 
studies)

•258 patients

•All studies found 
improved pain

PMID: 29404715.



Chronic non-cancer pain (all types)

Cochrane review June 2025

Low quality evidence with significant heterogeneity

Benefits and harms of ketamine for all cause chronic pain are uncertain



Cancer pain

18 RCTs 
comparing 
ketamine to 
control

Mean 
difference of 
–0.61 on 
VAS scale

PMID: 37972720.



      Depression
31

36 studies

2903 patients

9 trials used esketamine

27 used racemic ketamine

Overall, ketamine (pooled for 

racemic and esketamine) was 

associated with improved end-of-

treatment response, remission, 

and depression severity against 

placebo

PMID: 35231204



Suicidal 
Ideation

• 49 clinical 
trials

• 3982 pts

• Sig benefit 
at 4 h 
lasting 1 
month



What does the (low quality) evidence 
tell us?

•Acute pain – effective

•Chronic pain
oNeuropathic pain – effective
oCRPS – effective
oFibromyalgia – limited data to support (3 trials)
oOther chronic nociceptive pain – not likely effective
oAnti – hyperalgesia – very limited studies (1 RCT, case reports)

•Cancer pain – effective

•Treatment refractory depression -  very effective

•SI - very effective

•IV > PO

33



What are the limitations of the 
evidence?

• Significant heterogeneity
o Dose

o Route 

o Duration

o Pain/mood phenotype

• Low quality -> Inherent difficulty in developing 
robust RCT given nature of psychomimetic fx

• Unclear safety long term
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Patient selection in Serious Illness

•Acute pain
-Perioperative; vaso-occlusive crises in SCD; pathologic fracture

•Poorly controlled neuropathic pain despite opioid titration and co-
administration of non-opioid adjuvants from several classes

•Significant depression with life-limiting prognosis despite standard 
treatments

•Cancer pain refractory to multimodal interventions

•Treatment refractory depression or active SI
- Best done in collaboration with psychiatry

•Opioid induced hyperalgesia / allodynia

36



Dosing Protocols
•Intravenous

-0.1 - 1 mg/kg/day

•Lack of consensus in optimal duration and protocol with published 
data ranging from 40 min to hours/days

•CC protocol: 0.5 mg/kg over 40 min for 5 days

•Oral

-10 mg PO TID titrate to effect by 10 mg per dose per day

-0.5 mg/kg daily

-Typical ranges 20 – 400 mg/d 

•Intranasal
- 84 mg, standard dose Spravato (esketamine). REMS required. 8 doses in office fist 

month then every week to week 8 then q1-2 weeks

•Avoid co-administration with haloperidol or benzodiazepine to reduce 
likelihood of psychomimetic effects

37

PMID: 35092320.

https://www.palliativecareguidelines.scot.nhs.uk/guidelines/medicine-information-sheets/ketamine.aspx



Barriers

•Structural
-Pharmacy availability

-Infusion availability

-Cost

• IV infusions not covered ($400-1200 per infusion)

•PO generic ketamine ~one dollar per mL

•Spravato ~$700 per dose (8 doses first month then weekly thereafter)
• REMS required; must be administered in clinic with caregiver accompanying pt

•Individual
-Stigma – off label use

-Psychomimetic AE with prior use

-Medical contraindications

38



Next steps

•Standardize dosing protocols

•More research on non-IV routes

•Clarify long term safety (addiction, cognition)

•Encourage payor changes

•Phenotyping patients on basis of pain type, 
intensity and comorbidities

39





Thank you!

"To know ketamine 
is to love ketamine"

41

https://pedemmorsels.com/ketamine-analgesia/
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