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Objectives

• Pharmacology and Mechanism of  Action

• Chronic Pain Management – limited trial data

• Contraindications

• Adverse Reactions and Toxicities







Spravato (esketamine) nasal spray – treatment 

resistant depression – REMS program thru the 

FDA



Ketamine

• First synthesized in 1962 due to the 
need for a less hallucinogenic 
compound than phencyclidine

• First clinical trial- 1964

• Used initially as a battlefield anesthetic 
(Vietnam), later in uncooperative 
children, and veterinary medicine

• Two optical enantiomers S and R

• S-ketamine (esketamine) is the more 
active enantiomer

Clin Pharmacokinet (2016) 55:1059–1077 



Ketamine 

pharmacokinetics

• After systemic absorption, ketamine is 
rapidly distributed into the brain and 
other well-perfused tissues

• short α half-life (2–4 min) and longer β 
half-life (2–4 h) in humans

• Low plasma protein binding

• Large Vd- 160-550 L/70kg

• Systemic clearance 60-147 L/hr/70 kg

• Clearance reduced in elderly or cirrhosis

• Low bioavailability because of extensive 
first pass metabolism 

Clin Pharmacokinet (2016) 55:1059–1077 



Ketamine 

biotransformation 

and elimination

• Ketamine undergoes extensive oxidative 
metabolism.

• It is N-demethylated into norketamine, 4-
hydroxy-ketamine and 6-hydroxy-ketamine 

• Norketamine is considered to be the major 
metabolite in humans. It is also 
pharmacologically active and is further 
metabolized to 6-hydroxy-norketamine 

• However, recent studies have indicated that 
norketamine is rapidly further metabolized 
and is not the major metabolite in the 
circulation

• Metabolites are excreted in bile and urine 
after glucuronidation, but only traces of the 
parent drug are found in urine

Clin Pharmacokinet (2016) 55:1059–1077



Ketamine

Main Mechanism of  Action

• In the central nervous system, 
ketamine has affinity for various 
receptors. Unlike many other 
anesthetics, it does not affect 
gamma-aminobutyric acid receptors 
at clinically relevant concentrations. 
The analgesic effects are mediated 
mainly via blockade of N-methyl-D-
aspartate receptors and possibly by 
enhancement of descending 
inhibition in the spinal cord in 
chronic pain conditions

Clin Pharmacokinet (2016) 55:1059–1077 



Ketamine – High Affinity for other receptors

• dopamine D2

• serotonin 5-HT2 

• opioid receptors – mu > kappa > delta – but no analgesic effect

• antagonist at the muscarinic receptor – peripheral side effects

• Does not interact with GABA



FDA indications for Ketamine

• as the sole anesthetic agent for diagnostic and surgical procedures that do 

not require skeletal muscle relaxation

• for the induction of  anesthesia prior to the administration of  other general 

anesthetic agents

• as a supplement to other anesthetic agents



“Off  Label” uses of  Ketamine
• Acute pain

• Depression

• Acute migraine

• Chronic Pain

• Central and Neuropathic pain

• Fibromyalgia

• Stump or phantom limb pain

• Orofacial (trigeminal neuralgia)

• Others -



Why ketamine for chronic pain?

• Single dose antidepressant effect

• Role in central desensitization for chronic opioid use

• Unmet need for new medications



Limiting Factors

• Cost to patients

• Shortages of  ketamine

• Route of  administration

• Unknown safety issues with long-term administration

• Discontinuation due to side effects

• Diversion 



For acute pain, low-dose ketamine is considered a major 
alternative for perioperative pain – given certain conditions

• Peri-operative ketamine, low dose (no consensus) but continuous infusion 

reduces opioid consumption

• Best in the highest pain producing surgeries

• When added to PCA – no benefit

• Transdermal administration possible

• Can reduce post-surgical “shivering”



Chronic Pain Management – Clinical Evidence 

of  Efficacy

• No randomized controlled trials – mostly class IV evidence

• Only Class 2 studies were for CRPS

• Neuropathic pain

• Cancer pain

• Opiod Induced Hyperalgesia

• Route of  administration – limiting factors



Ketamine and Neuropathic Pain

• mainly class IV data – but positive 30-50% responders, but mixed results on 
the sustained effect

• Central neuropathic pain vs nonspecific neuropathic pain vs peripheral

• -Spinal cord injury

• -Trigeminal neuralgia

• -PHN

• -fibromyalgia



Ketamine and Cancer Pain

• “sub-anesthetic doses” to improve opiate tolerant pain

- Older and small literature in this area



Ketamine may prevent Opioid Induced 

Hyperalgesia

• Wind-up phenomena – central sensitization mediate by glutamate activation 

of  calcium channels – in theory blocked by ketamine

• Complete antagonism of  glutamate is thought to be the threshold of  the 

dissociated state



Ketamine Route of  Administration

• Oral – low bioavailability (8-21%)

• Nasal – FDA issued a warning in Feb 2022

• Topical

• Epidural

• Intrathecal (preservative neurotoxic)



Dosing

• Anesthesia = 1 to 5 mg/kg push (6 to 13 mg/kg for IM)

• 0.2 – 0.5 mg/kg/hr – sub-dissociative

• 25 to 50 mg TID



Ketamine - contraindications

• History of  schizophrenia, psychotic symptoms, or PTSD

• Cardiovascular compromised

• Hepatic disease



Ketamine addiction and abuse – cognitive 

effects

• Generalized euphoria and detachment

• Fragmented thought

• “K-hole” – the exit is where problems begin, not the entrance

• Memory impairment that may persist (down regulation of  D1 receptors)



Ketamine Cystitis and Hepatotoxicity

• Reported in 25% of  habitual users

• Resolves with cessation

• Confounding factors



Conclusions

• Very unique psychoactive medication with multiple effects

• Theoretically could be an alternative to other medications used to treat 

chronic neuropathic pain

• Not readily available

• Long term safety is unknown

• Long term efficacy is unknown


