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Introduction

Ketamine, a phencyclidine derivative originally known as 
CI-581, was synthesized in the early 1960s as an anesthetic 
agent with unique properties including minimal negative 
effects on the cardiorespiratory system.[1,2] Clinical use in 
anesthesia was first reported in 1966 and since that time 
ketamine has become a standard anesthetic drug primarily 
used for induction in hemodynamically unstable patients 
or as an adjunct for analgesia or sedation.[3] Ketamine is a 
N-methyl-d-aspartate (NMDA) receptor antagonist which, 
at anesthetic dose (≥1.0 mg/kg intravenous [IV]), has broad 
effects in the central nervous system that cause a dissociative 
anesthetic state.[1,4]

Since the 1980s, investigations have revealed a critical role 
of the NMDA receptor in pain processing and ketamine 

has received considerable interest as an analgesic.[5] At 
sub-anesthetic doses (≤0.3 mg/kg IV), ketamine possesses 
centrally mediated analgesic properties with minimal effects 
on consciousness and cognition. Numerous clinical studies 
support the role of sub-anesthetic ketamine as an analgesic, 
particularly for acute pain in the perioperative setting.[6] In this 
review, we discuss the mechanisms, pharmacology, and clinical 
applications of IV sub-anesthetic ketamine for perioperative 
pain management.

Mechanisms

The current model [Figure 1] of pain processing consists of 
3 primary sites of molecular and neural modulation including 
the peripheral nociceptor, nerve and dorsal root ganglion, the 
dorsal horn of the spinal cord, and the brain and brainstem. 
The NMDA receptor probably exerts much of its pain 
processing effect in the dorsal horn of the spinal cord.[7] In Address for correspondence: Dr. Andrew W Gorlin,  
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response to tissue injury or trauma, the primary nociceptive 
neuron triggers a release of glutamate in the dorsal horn 
of the spinal cord, which binds to NMDA receptors on 

second-order neurons [Figure 2]. Once activated, the 
NMDA receptor triggers a cascade of intracellular processes 
that culminate in the altered behavior and expression of 

Figure 1: A variety of drugs act at different anatomic locations along the pain signaling pathway. Ketamine modulates pain at the dorsal horn of the spinal cord

Figure 2: The activated primary nociceptive afferent from the periphery releases glutamate at the second order sensory neuron in the dorsal horn of the spinal cord 
which binds to N-methyl-d-aspartate receptors. Ketamine blocks the N-methyl-d-aspartate receptor which attenuates the development of central sensitization as well 
as opioid tolerance and hyperalgesia
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NMDA receptors as well as neuronal synaptic plasticity 
that lies behind the development of central sensitization.[6,7] 
In addition, the NMDA receptor is intimately involved in 
the development of opioid tolerance and opioid-induced 
hyperalgesia, processes which are related to and can occur 
in parallel with central sensitization when patients are being 
treated with opioids.[6,8] In addition to being a natural 
component of acute pain (secondary hyperalgesia and 
wind-up), central sensitization in response to trauma or 
surgery can evolve into a pathologic chronic pain condition. 
By blocking the NMDA receptor, ketamine holds obvious 
promise for attenuating these centrally mediated pain 
processes, thereby reducing acute pain and potentially 
preventing chronic pain. It should be noted that the NMDA 
receptor is present throughout the central nervous system 
and that ketamine, in addition to its actions in the spinal 
cord, probably has multiple effects on pain processing.[4] 
Functional magnetic resonance imaging data as well as 
recent studies demonstrating ketamine’s efficacy for treating 
intractable depression suggests that, in addition to spinal 
actions, the NMDA receptor and ketamine modulate the 
affective components of pain.[9,10]

Physiologic Effects

Psychiatric
Ketamine is well-known to cause psychomimetic effects 
such as hallucinations, out-of-body sensations, vivid dreams, 
and dysphoria. The incidence of psychomimetic effects is 
dose-dependent and when given at anesthetic doses without 
benzodiazepines or other hypnotic/amnestic agents, will 
likely cause these problems. Patients receiving sub-anesthetic 
ketamine are also at risk for psychomimetic effects. Two 
large systematic reviews of perioperative sub-anesthetic 
ketamine reported a 7.4% incidence of psychomimetic effects 
compared with 3.7-5% in the placebo groups.[11,12] The risk 
of psychomimetic effects increases with ketamine dose though 
there is no firm data to suggest there is any “cut-off ” dose. 
Clinical experience suggests that a bolus dose of <0.5 mg/kg 
typically does not cause major psychomimetic disturbances. 
Studies with 24-72 h inpatient ketamine infusions show that 
infusions of 0.12-0.2 mg/kg/h have no increased incidence of 
psychomimetic effects.[13-20]

Ketamine may reactivate psychosis in schizophrenic patients 
even at sub-anesthetic doses as low as 0.3 mg/kg.[21,22] It is 
not known whether other psychiatric illnesses predispose 
to psychomimetic side effects. Psychosis was an explicit 
exclusion criterion in some but not all of the clinical studies 
on sub-anesthetic ketamine, and there are insufficient data to 
clarify its impact on patients with psychotic disorders.

Neurologic
At anesthetic doses (≥1 mg/kg), ketamine induces a 
“dissociative” anesthetic state resembling catatonia due to 
its effects on a variety of cortical and subcortical processes. 
At sub-anesthetic doses (≤0.3 mg/kg), consciousness and 
arousal are not typically affected to a significant degree. 
Systematic reviews demonstrate that sub-anesthetic ketamine 
given perioperatively does not appear to cause increased 
levels of sedation and in fact, ketamine may decrease sedation 
possibly due to opioid-sparing effects.[12,23] Ketamine does 
appear to cause a small increase in intracranial pressure 
(ICP) probably due to its sympathomimetic effects and a rise 
in intra-arterial CO2.

[24] The effects of sub-anesthetic doses 
of ketamine are unknown but are likely to be small. Finally, 
studies are conflicting and inconclusive about ketamine’s 
effects on seizure thresholds.[21]

Cardiovascular
At anesthetic doses, ketamine causes transient increases in 
blood pressure, heart rate and cardiac index, presumably 
secondary to a central sympathomimetic effect.[21,25] 
Ketamine is also known to exert a direct myocardial 
depressant effect particularly in patients with already 
depressed ventricular function though this effect is usually 
more than offset by the sympathomimetic effects discussed 
above.[26] This myocardial depressant effect may become 
relevant in patients who are in shock and have exhausted their 
adrenergic neurotransmitters. Multiple studies demonstrate 
that there are no measurable cardiovascular effects with 
sub-anesthetic ketamine.[14,17,18,27-40]

Respiratory
At anesthetic doses, ketamine is well-known to preserve 
pharyngeal and laryngeal reflexes as well as respiratory 
drive, a property, which has made it an agent of choice in 
situations where maintenance of spontaneous ventilation is 
desirable. At high doses, ketamine increases oral secretions 
and might cause a small increase of the incidence of 
laryngospasm.[21] At sub-anesthetic doses, ketamine does 
not appear to have any significant effect on the respiratory 
system.[14,17,18,27,34] Co-administration of benzodiazepines to 
mitigate psychomimetic symptoms may increase the risk of 
respiratory depression in postoperative patients, particularly 
those also receiving opioids.

Gastrointestinal
At anesthetic doses, ketamine is emetogenic when compared 
with propofol or thiopental.[21] However, according to a 
systematic review of perioperative sub-anesthetic ketamine, 
there is not an increased risk of nausea and vomiting at 
lower doses.[13] In fact, a Cochrane review of perioperative 
sub-anesthetic ketamine showed that ketamine was associated 
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with a statistically significant reduction in nausea and vomiting, 
possibly secondary to its opioid-sparing effects.[23]

Ocular
Similar to its effects on ICP at anesthetic doses, ketamine 
causes a small and probably clinically insignificant increase 
in intraocular pressure that lasts for 15 min following a bolus 
dose.[21] It is unknown what effect, if any, sub-anesthetic dose 
ketamine has on intraocular pressure though it is likely very 
minimal. Ketamine is also well known to cause both nystagmus 
and diplopia at high doses as well as sub-anesthetic doses. In 
a systematic review of perioperative sub-anesthetic ketamine, 
the authors reported a statistically significant increase in 
the incidence of nystagmus or diplopia in patients receiving 
ketamine versus controls (6.2% vs. 2.6%).[12]

Basic Pharmacology

Formulations
Ketamine was originally a racemic mixture of S(+) and 
R(−) enantiomers in equal parts. Recently, a S(+) ketamine 
formulation has become available, though not in the United 
States.[6] S(+) ketamine is more potent, has a shorter 
duration of action and more rapid clearance than racemic 
ketamine.[21,35] Racemic ketamine remains the formulation 
used most commonly in clinical settings.

Metabolism
Ketamine is metabolized in the liver by microsomal 
cytochrome P450 enzymes, principally CY3A4. Three days 
following a single dose of ketamine, only 2.3% is excreted 
in the urine unchanged, 1.6% as norketamine, 16.2% as 
dehydronorketamine, and 80% as conjugated hydroxylated 
derivatives.[1] Norketamine and dehydronorketamine have 
one-third and 1/100th the potency of ketamine, respectively, 
and the rest of the metabolites are thought to be inactive.[21] 
In theory, patients with liver disease may have prolonged 
clearance of the drug; however, studies including patients 
with liver insufficiency have not shown that these patients 
metabolize ketamine differently to any clinically significant 
degree.[25]

Pharmacokinetics
Ketamine clearance is described by a two-compartment 
model with a rapid distribution phase (distribution half-life of 
11-16 min). Elimination half-life is 2-3 h and the clearance 
is 12-17 mL/kg/min.[36] Ketamine is highly lipid soluble 
and has a large volume of distribution (3 L/kg).[4] Ketamine 
will accumulate during prolonged infusions, and the context 
sensitive half-time is similar to that of propofol.[4,37] Most of 
the pharmacokinetic modeling of ketamine infusions has been 
done using anesthetic or sedation doses, and there are little 

data about the pharmacokinetic implications of prolonged 
sub-anesthetic ketamine infusions. Stubhaug et al. studied a 
low-dose ketamine protocol consisting of an initial bolus of 
0.5 mg/kg followed by a 72-h continuous infusion (first 24 h 
at 2 mcg/kg/min followed by 48 h at 1 mcg/kg/min) and 
measured serum concentrations of ketamine and norketamine 
at 1, 24, and 72 h. Their results suggest that after 72 h, the 
serum concentrations of ketamine are still below that 1 h 
following a 0.5 mg/kg bolus. Norketamine levels do rise, 
however not significantly.[13]

Renal dysfunction could cause prolonged clearance of ketamine 
metabolites, though this is probably not clinically significant as 
the vast majority is metabolized into inactive metabolites.[38] 
There are no data to suggest that sub-anesthetic ketamine is 
unsafe in patients with renal dysfunction.

Toxicity and Contraindications

Ketamine has been shown to cause a mild and transient 
increase in liver enzymes in af ter sub-anesthetic 
infusions.[39,40] Clinical liver dysfunction was not observed 
in any of these cases, and transaminase levels returned to 
normal after ketamine cessation. Nonetheless, it is possible 
that certain patients may be at risk for developing abnormal 
liver function tests during prolonged low-dose ketamine 
infusions.

Bladder complaints ranging from urinary frequency to 
ulcerative cystitis have been reported in patients with prolonged 
exposure to ketamine either from recreational or medicinal 
use.[35,41] This has not been reported following short-term 
administration of ketamine in the perioperative period.

Contraindications to sub-anesthetic ketamine
Relative contraindications to sub-anesthetic ketamine are listed 
in Table 1. Sub-anesthetic ketamine for perioperative analgesia 
is an elective treatment, and a risk-benefit assessment should 
be done in all cases where the patient may have a relative 
contraindication.

Table 1: Contraindications to sub-anesthetic ketamine

High risk coronary or vascular disease
Uncontrolled hypertension
Elevated intracranial pressure
Elevated intraocular pressure
Globe injuries
History of psychosis
Sympathomimetic syndrome
Hepatic dysfunction
Recent liver transplantation
Porphyria
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Clinical Applications

There is ample evidence that perioperative ketamine is effective 
for postsurgical pain management. In 2005, Elia and Tramèr 
performed a systematic review of 53 randomized trials of 
perioperative ketamine in adults and children and reported 
that, in a sub-group of ten trials that examined visual analog 
scale (VAS), perioperative ketamine was associated with 
a statistically significant reduction in pain scores at 6, 12, 
24, and 48 h postoperation.[12] In a Cochrane review from 
2010, Bell et al. reviewed 37 randomized controlled trials of 
adult surgical patients who received perioperative ketamine 
or placebo and found that 27 of the 37 trials demonstrated 
that ketamine reduced analgesic requirements and/or pain 
scores.[23] In a sub-group of ten of these studies that measured 
24-h patient-controlled analgesia (PCA) morphine, the 
authors concluded that perioperative ketamine reduces 24-h 
morphine consumption by roughly 16 mg (Elia and Tramèr 
report a similar number). It should be noted that the studies 
in both of these large systematic reviews were heterogenous 
with respect to ketamine dose, timing of administration, 
and importantly, route of administration (epidural and IV). 
Though there are conflicting data, neuraxial ketamine is 
potentially neurotoxic and is not currently recommended for 
the treatment of noncancer pain.[6] Furthermore, epidural and 
regional anesthesias are probably confounders in ketamine 
studies because they are typically independently effective for 
postoperative analgesia. In 2011, Laskowski et al. published a 
systematic review of 70 studies that looked at only IV ketamine 
for perioperative analgesia (importantly excluding all studies 
that used neuraxial or regional anesthesia).[11] Using a random 
effects statistical model, the authors found that perioperative 
IV ketamine significantly reduced postoperative opioid 
consumption and increased the time to first postoperative 
analgesic requirement.

Laskowski et al. performed a sub-group analysis and concluded 
that ketamine reduced opioid consumption most profoundly 
in upper abdominal and thoracic procedures. Ketamine was 
effective, although less so in orthopedic (limb and spine) 
and lower abdominal surgery. Opioid-sparing in ear, nose, 
and throat and oral surgery procedures was not significant. 
Furthermore, the authors found that opioid-sparing was 
greatest in patients with high VAS scores (70% maximum 
or greater) and was not beneficial with lower VAS scores 
(<40% maximum), suggesting that ketamine is more useful 
for the most painful operations. This is intuitively appealing 
though there are studies demonstrating the analgesic efficacy 
of IV ketamine in less traumatic procedures such as outpatient 
knee arthroscopy. There exists debate as to whether ketamine 
should be reserved for certain types of procedures.[42]

There is less support in the literature for the use of ketamine 
for pediatric patients. Pediatric subgroup analysis in the 
Laskowski article suggests that ketamine is not an effective 
analgesic adjunct in children though the pediatric subgroup was 
dominated by tonsillectomy studies which were independently 
associated with the minimal effect. Furthermore, a meta-
analysis of pediatric ketamine studies concluded that, though 
ketamine was associated with lower postanesthesia care unit 
(PACU) pain scores and nonopioid requirements, it did not 
reduce postoperative opioid consumption.[43]

Ketamine has received considerable interest for patients on 
chronic opioid therapy who are undergoing surgery. Four 
studies have looked at ketamine in this patient population, 
and the conclusions have been mixed.[15,20,30,44] Loftus et al. 
published the largest (101 patients) and methodologically 
best of these studies looking at intraoperative IV ketamine 
in opioid-tolerant patients undergoing spine surgery.[30] 
These authors report an average 37% reduction in morphine 
consumption over 48 h (309 mg vs. 195 mg). Pain scores 
were not significantly different in the 48-h postoperative period 
though interestingly, at the 6-week follow-up, the ketamine 
group reported 26% lower pain scores (4.2 vs. 3.1).

Because of its unique mechanisms and potential to blunt central 
sensitization, ketamine may theoretically prevent the development 
of chronic postsurgical pain. In fact, this has been looked at in 
several studies, but the results have been mixed. In a recent meta-
analysis, McNicol et al. combined the data from 14 studies that 
compared perioperative IV ketamine with placebo.[45] The authors 
found that at 3 and 6 months respectively, the ketamine group had 
25% and 30% reduction in the risk of persistent postsurgical pain. 
At 12 months, there was no significant difference between the 
groups. Though not conclusive, these findings offer some support 
for the use of perioperative ketamine in operations well-known to 
cause chronic postsurgical pain such as mastectomy, thoracotomy, 
and limb amputation.

In summary, the balance of evidence in the current literature 
suggests that perioperative ketamine improves postoperative 
analgesia and reduces postoperative opioid consumption in 
a wide range of surgical procedures. Furthermore, there is 
emerging evidence that ketamine may be useful for surgical 
patients on chronic opioid therapy and may play a role 
in preventing persistent postsurgical pain. Indications for 
perioperative ketamine are listed in Table 2.

Practical Considerations: How to Use It

There is little consensus on the best way to administer 
the drug for perioperative analgesia. IV is preferable to 
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epidural due to toxicity concerns mentioned previously, and 
because patients with epidurals may be less likely to benefit 
from adjunctive ketamine. A myriad of IV ketamine dosing 
strategies have been examined including pre- and post-incision 
bolus, intraoperative infusion, postoperative infusion, and 
PCA. All have demonstrated efficacy in various trials.

Kwok et al. compared preincision and postoperative sub-
anesthetic ketamine and found that pre-emptive ketamine was 
associated with a small but statistically significant reduction of 
PACU pain scores and opioid consumption as well as lower 
oral analgesic consumption over the 1st postoperative week.[29] 
However, other studies comparing pre-emptive ketamine with 
postoperative ketamine have not found any benefit.[11,31,46,47] 
There are many studies demonstrating efficacy and safety of 
intraoperative and postoperative ketamine infusions as well 
as the addition of ketamine to opioid in PCA though there 
are no head-to-head comparisons between these different 
approaches. In a subgroup analysis of a large systematic 
review, Laskowski et al. found no difference in the analgesic 
effect when comparing mode of delivery (i.e., PCA, bolus, 
infusion) of IV ketamine.[12]

Himmelseher and Durieux lay out a compelling argument 
that the ideal dosing strategy should include a preincision 
bolus followed by either a prolonged infusion or serial 
boluses.[6] These authors argue that because ketamine 
works by blocking central sensitization, plasma, and central 
nervous system tissue levels should be maintained throughout 
the period of painful stimulation which includes not only 
the surgery but the postoperative period as well. However, 
despite the theoretical appeal of this approach, there is 
not substantial literature to support its superiority. From a 
practical standpoint, infusions are more applicable if the 
period of administration is going to be longer than 2 or 3 
h. In short cases, serial bolus administration is a reasonable 
approach.

Another area of uncertainty is what constitutes the ideal dose 
of sub-anesthetic ketamine. In most of the published studies, 
effective intraoperative bolus doses range from 0.15 mg/kg 
to 0.5 mg/kg and infusions are most commonly in the range 
of 0.1-0.2 mg/kg/h (2 mcg/kg/min is a common infusion 
dose as well). Psychosensory effects increase at doses above 

0.3 mg/kg, so this can be considered a soft upper limit for 
bolus doses in awake patients. The effects of a bolus dissipate 
after 30-45 min, so obviously an anesthetized patient can 
tolerate higher doses so long as they will not be emerging from 
anesthesia in the immediate future. Furthermore, during long 
operations, serial boluses of ketamine every 30-45 min should 
be considered. There is no consensus on the upper limit of 
ketamine infusion, but 0.3 mg/kg/h is a reasonable upper limit 
to be considered in awake patients in a non-Intensive Care 
Unit setting. In obese patients, ideal body weight should be 
used for dose calculation.[48]

The ideal duration of postoperative infusion is also not clear 
from the literature, but 24-72-h infusions are both efficacious 
and safe. With prolonged infusions of any drug, there is always 
some concern about drug and metabolite accumulation. As 
discussed earlier, Stubhaug et al. demonstrated clinically 
insignificant accumulation of ketamine and norketamine after 
a 72 h infusion of sub-anesthetic ketamine.[13] There are 
no studies of postoperative ketamine infusions that suggest 
prolonged infusions are associated with increased incidence 
of side effects.

Conclusions

Ketamine, an NMDA antagonist, blunts central pain 
sensitization at sub-anesthetic doses (0.3 mg/kg or less) and 
has been studied extensively as an adjunctive analgesic in the 
perioperative setting. At sub-anesthetic doses, ketamine has 
a minimal physiologic impact though it is associated with a 
low incidence of mild psychomimetic symptoms as well as 
nystagmus and double vision. Relative contraindications to its 
use do exist and due to ketamine’s metabolism, caution should 
be exercised in patients with renal or hepatic dysfunction.

Sub-anesthetic ketamine improves pain scores and reduces 
perioperative opioid consumption in a broad range of surgical 
procedures with a minimal risk of side effects. Sub-anesthetic 
ketamine has efficacy when given as an intraoperative bolus 
alone or as an intraoperative dose followed by a postoperative 
infusion of 24-72 h. The ideal dose of sub-anesthetic ketamine 
is 0.1-0.3 mg/kg as a bolus and 0.1-0.3 mg/kg/h as an 
infusion. In Table 3 the authors present their recommended 
dosing strategy. Further research is needed to define the 
best indications for perioperative sub-anesthetic ketamine 
and to further explore the potential long-term implications 
of perioperative ketamine on the development of persistent 
postsurgical pain.
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Table 2: Indications for perioperative sub-anesthetic 
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Painful procedures
Surgery with high risk for developing chronic postsurgical pain
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Patients with opioid-induced hyperalgesia
Desire to minimize perioperative opioids
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Name of conference Dates Venue Name of organising Secretary with contact details
2nd Ganga Anaesthesia Refresher 
Course 
GARC 2016

June 16th-19th 
2016

Ganga Hospital, 
Coimbatore

Dr. J. Balavenkat, 
Course Chairman, GARC 2016 
Ganga Hospital, 313 Mettupalayam Road, 
Tatabad, Coimbatore 641043, Tamilnadu, India. 
Phone: 91 422 2485000(Ext 5015). 
Email: gangaanaesthesia@gmail.com.

2nd Annual State Conference of 
ISA Telangana State Chapter 2016 
ISACON Telangana 2016

July 27th-31st 
July 2016

Govt. Medical College 
& Teaching Hospital, 
Nizamabad, India

Dr. Chintala Kishan
isacontelangana2016@gmail.com

32nd Annual South Zone ISA 
Conference 2016 and 32nd 
Annual Karnataka State 
Conference
ISACON South 2016

August 18th-21st 
2016

KLES Centenary 
Convention Centre, 
JNMC Campus, 
Belgaum, India

Dr. Manjunath C. Patil 
Organizing Secretary, ISACON SOUTH - 2016. 
Department of Anaesthesiology, 
KLE’S Dr. Prabhakar Kore Hospital and MRC,  
Belagavi - 590 010,  
Karnataka. 
Email ID : isaconsouth2016@gmail.com 
Contact No:+919743110637, 0831-2551292/2551293

World Congress of Ophthalmic 
Anaesthesia, (WCOA 2016) 

September 
2nd-4th, 2016

ITC Grand Chola, 
Chennai

Organised by:
Sankara Netralaya Chennai 
Dr. V. V. Jaichandran
Contact: +91 9884096860, 
wcoa2016@gmail.com
Website: pwww.sankaranethralaya.org/wcoa2016

ISACON TAMILNADU – 2016
Annual State Conference of ISA 
Tamil Nadu State Chapter

September 
3rd-4th, 2016

Curtalam, Tirunalveli Org Secretary: Dr. A. Balakrishnan 
Mobile No.: +91-9443138800
Email: nelcon2016@gmail.com
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Dr. Mukesh Somvanshi 
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