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“The unusual analgesic and 
anesthetic action of this drug 
…makes it imperative that a new 
terminology be developed for 
drugs of this type. It is suggested 
that the state produced by this drug 
be called ‘dissociative anesthesia’.” 

Domino EF et al. Clin Pharmacol Ther. 1965 May-Jun;6:279-91
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Ketamine and “Dissociative” Mechanisms…



Ketamine and “Dissociative” Mechanisms…

• Receptor-level
• NMDA antagonism
• HCN-1 inhibition
• AMPA receptor activation
• Voltage-gated Ca2+ inhibition
• Ca2+-activated K+ channel inhibition
• Nicotinic-AChR inhibition
• GABAA agonism

Yamakage M et al. Anesthesiology 1995; 83:1274–82
Hayashi Y et al. J Neurosci. 2011 Nov 30;31(48):17370-82
Yamakura T et al. Anesthesiology. 2000 Apr;92(4):1144-53
Irifune M et al. Anesth Analg. 2000 Jul;91(1):230-6



Ketamine and “Dissociative” Mechanisms…

• Neurophysiologic-level
• Disinhibition of inhibitory synaptic transmission

Purdon PL et al. Anesthesiology. 2015 Oct;123(4):937-60



de la Salle S et al. Front Pharmacol. 2016 Sep 27;7:348

• Neurophysiologic-level
• Reduced alpha power and connectivity

Ketamine and “Dissociative” Mechanisms…



Ketamine and “Dissociative” Mechanisms…
• Neurophysiologic-level

• Reduced alpha power and connectivity
“Ego integrity”

Carhart-Harris RL. Front Hum Neurosci. 2014 Feb 3;8:20

Muthukumaraswamy et al, J Neurosci, 2013;33:15171



Vlisides PE, Bel-Bahar T, et al. – in press, Br J of Anaesth



Study Score Lifetime Score

Scale Name Items α M SD α M SD Difference T       

Experiences of 
Unity

4 0.64 4.76 2.12 0.87 0.95 0.95 3.81 5.81 ***

Disembodiment 3 0.72 6.72 2.07 0.72 0.52 0.57 6.20 10.97 ***

Transcendence 
of Time and 

Space
6 0.84 6.62 2.08 0.83 1.21 0.99 5.41 8.75 ***

***P<0.001, Cronbach’s AlphaVlisides PE, Bel-Bahar T, et al. – in press, Br J Anaesth



Domino EF, et al. Clin Pharmacol Ther. 1965 May-Jun;6:279-91



TPJ Modulation by Subanesthetic Ketamine

Vlisides PE, Bel-Bahar T, et al. – in press, Br J Anaesth



Blanke et al., Brain 2004;127:243

TPJ Lesions Cause Out-of-Body Experiences



Ketamine Dose-Dependency

Vlisides PE, Bel-Bahar T, et al. Anesthesiology. 2017 Jul;127(1):58-69



Vlisides PE, Bel-Bahar T, et al. Anesthesiology. 2017 Jul;127(1):58-69



Ketamine Mechanisms - Summary
• Alpha power inversely correlates with measures of dissociation (e.g., ego 

dissolution, transcendence of space and time)

• Ketamine reduces low-frequency power (particularly alpha), increases gamma

• Ketamine-induced alpha reductions – and dissociative characteristics – may 
involve the TPJ

• Dose-dependent oscillatory, connectivity changes
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Ketamine and Surgery
• Reported to reduce postoperative inflammation, 

pain, and opioid consumption after surgery

• NMDA antagonism
• HCN inhibition

Excitotoxicity
Neuroinflammation

Dale O et al., Anesth Analg 2012. Oct;115(4): 934-4
Laskowski K et al., Can J Anaesth 2011. Oct;58(10): 911-23



Excitotoxicity
Neuroinflammation

Cognition?
Pain?
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Ketamine and Cognition

• Reduced of emergence agitation in children (RR 0.30, 
95% CI 0.13 to 0.69)

Cochrane Database Syst Rev. 2014 Sep 12;(9):CD007084
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Ketamine and Cognition

• Psychoactive effects

• Increased association with hallucinations and 
nightmares



“Ketamine was associated with increased 
risk of hallucinations and nightmares.” 



Ketamine and Pain



Ketamine and Pain

Elia N and Tramer MR. Pain. 2005; 113:61-70

• Elia N and Tramèr MR, 2005 (Pain)
• Prophylactic IV ketamine:

• 16 Trials, data from 850 adults, variable perioperative dosing

• Pain intensity, VAS: decreased, all time points through 48 hours (data 
from 9 trials)

• Morphine consumption at 24 hours: -15.7mg, [-20.9 to -10.5], (7 trials, 
n=135)



Ketamine and Pain

Laskowski K et al. Can J Anaesth. 2011 Oct;58(10):911-23

• Laskowski K et al., 2011 (Can J Anaesth)
• Prophylactic IV ketamine:

• 70 Trials, IV perioperative ketamine (variable dosing)

• Total opioid dose consumed, SDM: -0.646; 95% CI (-0.797 to -0.495; 
P<0.001)

• Low risk of publication bias





“The panel recommends that clinicians 
consider i.v. ketamine as a component of 
multimodal analgesia in adults (weak 
recommendation, moderate-quality 
evidence).”





•>600 patients, nine international sites, 
triple-blinded RCT

•Three arms: placebo, ketamine 0.5 
mg/kg, ketamine 1 mg/kg

•Standardized delirium training 
(K07AG041835)

One time, single bolus dose



•Subjective pain assessments (10-cm VAS)

•Objective pain assessments (BPS, BPS-NI)

•Opioid Consumption

• Internal audits (to review data accuracy, 
study procedures, etc.)



Results



Results
Ketamine Groups: 19·45%

Placebo Group: 19·82%

Absolute Difference 0·36%

95% CI, [−6·07 to 7·38], p=0·92

*Age: per year over 60. C-statistic: 0.697



Delirium – Duration

Duration 
(days)

Placebo
(n=222)

0.5 mg/kg
(n=227)

1 mg/kg
(n=223)

None 80% 82% 79%

One 11% 12% 11%

Two 6% 4% 6%
Three 4% 2% 5%



Delirium – Severity
Day Placebo

(n=222)
0.5 mg/kg
(n=227)

1 mg/kg
(n=223)

POD1 7(6 – 9) 7(6 – 9) 8(6 – 8)

POD2 8(5 – 10) 6(5 – 8) 8(6 – 9)

POD3 7(6 – 9) 7(6 – 9) 8(6 – 9)

Range: 0 – 19
N (IQR)



Ketamine and Delirium

Otherwise stated, ketamine had no 
discernable influence on the incidence, 
recurrence, or severity of delirium



Ketamine and Pain



Ketamine and Pain



z z







…No Analgesic Effects?...

How to reconcile these findings with previous 
systematic reviews and meta-analyses…

• No subgroup analyses

• Pooled data from much smaller trials – “small study 
effects”



Elia et al. Pain. 2005 Jan;113(1-2):61-70





…No Analgesic Effects?...

Sterne JA et al. BMJ. 2001 Jul 14;323(7304):101-5

“Studies that show a significant effect of treatment are more 
likely to be published, be published in English, be cited by 
other authors, and produce multiple publications than other 
studies. Such studies are therefore also more likely to be 
identified and included in systematic reviews, which may 
introduce bias…

…All these biases are more likely to affect small studies 
than larger ones.”



…No Analgesic Effects?...

Nüesch E et al. BMJ. 2010 Jul 16;341

“In six of 13 meta-analyses [of osteoarthritis trials], the overall 
pooled estimate suggested a clinically relevant, significant 
benefit of treatment, whereas analyses restricted to large trials 
and predicted effects in large trials yielded smaller non-
significant estimates.”



Ketamine and Additional Outcomes



0.5 mg/kgPlacebo 1 mg/kg

Subanesthetic, bolus dose – outcome incidence across all three postoperative days

28% (p=0.01)
15% (p=0.03)

20%
12%

Hallucinations:  18%
Nightmares: 8%



“Ketamine was associated with increased 
risk of hallucinations and nightmares.” 





“Overall, there was an increase in such [neuropsychiatric] 
side effects with the treatment of ketamine (P = 0.018), 
which becomes more prevalent with treatment efficacy 
(P < 0.001)…Many papers commented that the 
psychological effects were well tolerated.”

Laskowski et al. 2011. Can J Anaesth. 2011 Oct;58(10):911-23



Ketamine and Neurologic Outcomes - Summary

• Single-center efficacy studies may be subject to bias; outcomes 
often not replicated in large-scale effectiveness trials

• Ketamine unlikely to prevent postoperative delirium

• For older patients: subanesthetic, intraoperative bolus dose 
unlikely to reduce postoperative pain, opioid requirements

• Net effect: increased hallucinations, nightmares



Take Home Points…
• Ketamine sedation – alpha reductions, TPJ may be involved with 

dissociative states

• Single bolus-dose unlikely to confer meaningful postoperative 
neurologic benefits (e.g., delirium, pain)

…but may increase risk of hallucinations, nightmares postoperatively
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“In the meantime you, the reader, 
must decide what is truth or fiction 
in your clinical use of ketamine or 
its separate enantiomers. But 
always be aware of that tiger…it 
needs to be tamed.”
– Dr. Edward Domino

Domino EF. Anesthesiology. 2010 Sep;113(3):678-84
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