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Many common elective surgeries are associated with moderate-to-severe

postoperative pain. These common surgeries include total knee and total

hip arthroplasty, thoracotomy, and multilevel lumbar spine surgery. Un-

fortunately, many patients requiring these surgeries are already in

moderate-to-severe pain, necessitating high doses of oral or transdermal

opioids preoperatively. This is an established risk factor for difficult-to-

control postoperative pain.
1,2

Opioid-sparing interventions are impor-

tant elements in these patients to promote convalescence and reduce

common opioid side effects such as constipation, confusion, pruritus,

nausea, vomiting, and urinary retention. Potential interventions to

reduce postoperative pain can include nonsteroidal anti-inflammatory

drugs, acetaminophen, gabapentin, and even invasive therapies such

as epidural or peripheral nerve blockade. Ketamine is awell-known anes-

thetic agent that has opioid-sparing analgesic properties, is noninvasive,

and in analgesic doses, has few contraindications. This article will review

the basic science behind ketamine, some of the evidence supporting its

perioperative use, and the logistics of how the Department of Anesthesia

at Mayo Clinic in Jacksonville, Florida rolled out a hospital-wide keta-

mine infusion protocol.
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THE USE OF KETAMINE in humans was first

described in 1965.3 Originally used for anesthetic

induction, ketamine is a phencyclidine derivative

and is described as a dissociative hypnotic because

of the cataleptic state of involuntary movement,

maintenance of spontaneous respirations,
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profound analgesia, and unresponsiveness to surgi-

cal stimulation achieved with induction doses. Ke-

tamine continues to be a commonly used

medication for the induction of anesthesia, espe-

cially in neonates.3 Because of an associated in-
crease in sympathetic activity following a large

bolus and consequent lack of vasodilation, keta-

mine has proven especially useful for anesthetic in-

duction in hemodynamically unstable patients.

Ketamine has several mechanisms of action. The

drug primarily induces its analgesic effect through

antagonism of the N-methyl-D-aspartate receptor in
dorsal horn neurons,4 although it has also been

described to interactwith calciumand sodiumchan-

nels, dopamine cholinergic receptors, and inhibit

noradrenergic and serotoninergic reuptake.5

In recent years, the use of ketamine has expanded

beyond induction of anesthesia. Studies have

shown low-dose intravenous (IV) ketamine infu-
sions to be a helpful adjunct in the treatment of

postoperative pain especially in patients with

chronic preoperative pain.1,2,6–11 Similarly, the

drug has been shown to decrease discomfort in

several chronic pain syndromes and conditions,

such as complex regional pain syndrome, central

neuropathic pain, peripheral neuropathic pain,

postherpetic neuralgia, fibromyalgia, and cancer-
related pain.12

Perioperatively, ketamine is primarily given intra-

venously; however, it is also effective via intra-

muscular, oral, and rectal routes. General

anesthetic induction doses of ketamine are 1 to

2 mg/kg, 4 to 6 mg/kg intramuscular, and 8 to

10 mg/kg per rectum.13 The dosing of IV keta-
mine for chronic pain conditions is not standard-

ized and has been described as doses that range

from 150 mcg/kg/hour for 20 minutes to doses

of up to 30 mg/hour for as long as 10 days.14

A relatively common approach for perioperative

ketamine dosing includes an IV bolus of 0.1 to

0.5 mg/kg before surgical incision, followed by

an IV infusion of varying duration of 2 to 10
mcg/kg/minute.

Ketamine is known to cause emergence delirium

characterized by hallucinations, vivid dreams,

and illusions that can result in significant patient

dissatisfaction. Concerns about psychotropic side

effects have therefore limited its routine use.

These side effects can be reduced with lower

dosing and the use of benzodiazepines.14,15 The

drug produces sedation but does not commonly

produce significant respiratory depression.

Evidence for Ketamine as a Perioperative
Analgesic

Many clinical trials of ketamine for acute postoper-

ative analgesia have been performed. Unfortu-
nately, heterogeneity of study design (eg, dosing

protocols), patient populations (eg, single-level

laminectomy vs total knee replacement patients),

and primary outcomes (eg, 24-hour morphine

equivalents, 48-hour morphine equivalents, and

patient-controlled analgesia [PCA] requests) have

made it difficult to recommend routine use of keta-

mine. This article presents a brief review of evi-
dence for the use of perioperative ketamine in

patients undergoing spinal fusion or total joint

replacement, two surgical categories in which ke-

tamine has been more commonly studied.

Spine Surgery

Loftus et al8 investigated an intraoperative ketamine

infusion in a prospective, randomized, double-

blinded, placebo-controlled trial of 102 patients in

the United States who were receiving long-term

opioid therapy for chronic pain before lumbar spine

surgery. The dose of IV ketamine usedwas a 0.5mg/
kg bolus before incision and an infusion of 10 mcg/

kg/minute for the duration of the case. To put this

dosing in context, in a 70 kg person, this would

equate to a 35 mg bolus followed by an infusion

of 42 mg/hour. The average duration of surgery

was roughly 3.5 hours, yielding a total dose of

approximately 175 mg of study drug in an

average-sized person. The primary outcome of in-
terest was 48-hour morphine consumption. At

48 hours postoperative, the adjusted morphine

equivalents were 323 mg in the placebo group

and 203 mg in the ketamine group (P 5 0.045).

On subgroup analysis, patients who had a preoper-

ative opioid intake of greater than 40 mg of oral

morphine equivalents were observed to have

decreased opioid consumption when exposed to
ketamine (241 vs 471 mg; mean, P 5 0.031). How-

ever, in patients taking less than 40 mg/day of oral

morphine equivalents preoperatively, no significant

difference was noted. Thus, the authors state that

although there appeared to be a subset of patients
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