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Toric Ketamine is beneficial in clinical settings ranging from procedural sedation to the treatment of
chronic pain. This article describes the clinical benefits of ketamine for treatment of acute pain and for
sedation of patients undergoing mechanical ventilation.

CrinicAL RELEvANce Ketamine causes analgesic and amnestic effects by noncompetitive inhibition of the
N-methyl-p-aspartate receptor and activation of the opioid p and Kk receptors. Unlike other sedatives, ket-
amine provides analgesia and amnesia without causing hypotension or respiratory depression. Several
studies have elucidated the clinical benefits of ketamine. The use of ketamine has extended beyond criti-
cal care areas such as the operating room and intensive care units. Nurses must be familiar with optimal
clinical scenarios, monitoring parameters, and contraindications of ketamine.

Purrost To highlight the clinical utility and pharmacological properties of ketamine through a literature
review. Current studies of ketamine in acute pain and sedation management are summarized.

Content CovereD This narrative review describes pharmacological properties, dosing strategies, adminis-
tration considerations, and adverse effects of ketamine. (Critical Care Nurse. 2020;40[5]:e26-¢33)

etamine use has gone beyond the operating room and is becoming more common in acute

care. Ketamine induces rapid sedation and analgesia through dual mechanisms mediated by

noncompetitive inhibition of the N-methyl-p-aspartate receptor and activation of the opioid p
and k receptors.”® Because of its high lipophilicity, ketamine has a rapid onset, with effects potentiated
within 30 to 40 seconds. The effects of ketamine are largely dependent on the dose. Doses greater than 1
mg/kg induce sedative effects that can create a dissociative state in which patients appear awake but are
best described as insentient.* Lower doses, 0.1 to 0.3 mg/kg, have less prominent central nervous system
effects and provide more analgesia."* Other favorable characteristics of ketamine include bronchodila-
tion, cardiac output preservation, and increased blood pressure. Ketamine also has minimal effects on
bowel motility, respiratory drive, and airway reflexes."

Ketamine has been shown to be an effective adjunct to traditional opioid therapy. Its opioid-sparing
effects are useful for the treatment of acute pain in the emergency department and postoperative areas.
In addition to analgesia, ketamine can provide amnesia and sedation."* Unlike other agents, ketamine
produces analgesia and sedation without causing hypotension or respiratory depression. Ketamine is
therefore well suited for patients with respiratory and hemodynamic instability. Pharmacokinetic
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Table Pharmacokinetic properties and adverse effects of sedatives and analgesics commonly
used in the intensive care unit*™

Ketamine Midazolam Propofol Dexmedetomidine Fentanyl
Mechanism of action NMDA antagonistand GABA, agonist GABA, agonist o, Receptor agonist Opioid p
opioid p agonist agonist
Onset 30s 1-5 min ~30s 5-10 min ~10s
Half-life 25h 3-11h 1-7h ~2h 2-6 h
Accumulation with No Yes Yes No Yes
prolonged infusion
Anesthetic/ hypnotic Yes Yes Yes No No
Analgesic effects Yes No No Yes Yes
Associated delirium + +++ ++ - ++
Respiratory depression - +++ +++ - ++

considerations cardia, apnea with
rapid administration, metabolite that

excessive secretions, may accumulate

accumulates in
fat stores

(eg, vivid dreams,
hallucinations),
bronchodilation

aspartate; PRIS, propofol infusion syndrome.

Adverse effects and Hypertension, tachy- Hepatically metabo- Hypotension, brady-
lized to an active

psychomimetic effects with renal failure;

Abbreviations: +++, strong association; ++, moderate association; +, theoretical concern; -, no association; GABA, y-aminobutyric acid; NMDA, N-methyl-p-

Hypotension,
bradycardia,
dry mouth

Constipation,
skeletal-muscle
rigidity; accumu-
lates in fat stores

cardia, PRIS (lactic
acidosis, arryth-
mias, cardiac arrest),
pancreatitis, hypertri-
glyceridemia; accu-
mulates in fat stores

properties and adverse effect profiles of analgesics and
sedatives commonly used in critical care can be found
in the Table for comparison.

The 2013 guidelines for management of pain, agitation,
and delirium mentioned ketamine as an option but pro-
vided no recommendations on its appropriate use.’ In the
updated 2018 guidelines for managing pain, agitation/
sedation, delirium, immobility, and sleep disruption, the
Society of Critical Care Medicine recommended ketamine
as an adjunct to opioids for postsurgical pain management
in adults in critical care." This update was published just
months after the American Society of Regional Anesthesia
and Pain Medicine released guidelines for ketamine use for
acute and chronic pain.'** Since then, more literature has
been published describing subanesthetic doses in the inten-
sive care unit (ICU) to facilitate mechanical ventilation.
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As ketamine use continues to expand, nurses within
acute care settings must become more familiar with its
administration, monitoring, and pharmacokinetic prop-
erties. This review describes pharmacological properties,
dosing strategies, administration considerations, and the
adverse effect profile of ketamine for the treatment of
acute pain and treatment of patients receiving mechani-
cal ventilation.

For this review we queried the PubMed and MEDLINE
electronic databases. The search query included combi-
nations of the following terms: critical care, intensive care,
acute pain, emergency department, and ketamine. The ini-
tial search was restricted to English-language articles and
studies in humans. The query focused on articles that
described the use of ketamine for the treatment of acute
pain or facilitation of mechanical ventilation in the ICU.

Evidence for Ketamine for the Treatment
of Acute Pain
Bolus Dosing

The vast majority of the literature describing ketamine
use for acute pain is in the postoperative setting, with the
emergency department setting becoming more common.
Low-dose boluses of ketamine (0.1-0.3 mg/kg) have been
shown to reduce pain scores and opiate consumption
when used as an adjunct to opiate therapy in acute pain
treatment.”'*" Clinical benefits can last up to 2 hours
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after a single administration."” Compared with lower doses,
a dose of 0.3 mg/kg has been found to be more effective

in reducing pain scores.” However, higher doses are asso-
ciated with more frequent minor adverse events.*"

Continuous Infusion

Evidence suggests that ketamine infusions can reduce
hyperalgesia in the postoperative setting.'*'® Infusions
of ketamine are well tolerated, significantly reduce pain
scores, and increase postoperative pain control while
decreasing opioid consumption in a variety of general
surgical and orthopedic procedures.®” In 2 studies,
bolus doses of 0.5 mg/kg of ketamine followed by con-
tinuous infusions of 0.12 to 0.36 mg/kg/h (2-6 ng/kg/
min) of ketamine for 48 hours reduced the cumulative
dose of morphine and decreased patient nausea.'*"’
Intraoperative infusions of ketamine reduced opiate
consumption in the 24 hours following total knee
replacement."” The use of ketamine was also associated
with a prolonged time until the first dose of opiates.'*!”
Ketamine use in conjunction with opioid therapy can
improve pain control in patients undergoing surgical
procedures. The growing evidence has led to the recom-

mendation

Continuous infusions can reduce consump- to use ket-
tion of opiates and concomitant sedatives. amine as

an analge-
sic adjunct to reduce opioid consumption in adults
after surgical procedures.' The doses of ketamine have
not been consistent among studies, but administration
of ketamine as a perioperative bolus followed by a con-
tinuous infusion appears to be most effective in con-
trolling postoperative pain.'*'¢"

Although ketamine was effective in many of the
surgical trials, some studies showed that ketamine had
no benefit when compared with placebo for controlling
postoperative pain.'*** Most available literature seems
to demonstrate that a low dose ranging from 0.02 to 0.1
mg/kg/h (0.3-1.7 pg/kg/min) is safe for adjunctive anal-
gesia for up to 48 hours. However, higher doses can be
safely administered when sedation is indicated in criti-
cally ill patients.**"*}

Clinical Application

For the treatment of acute pain, short (10- to 15-minute)
infusions of 0.3 mg/kg intravenous ketamine are becoming
more common and provide appropriate analgesia while
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potentially reducing the risks associated with more rapid
intravenous administration. Continuous infusions can be
used as adjunctive therapy to lower opioid requirements
in patients after surgical procedures. Because of the min-
imal impact on respiratory and hemodynamic systems,
continuous ketamine infusion is an appealing therapeu-
tic option and can potentially be used in non-ICU telem-
etry patient care.

Evidence for Ketamine as a Sedative or
Analgesic in Critical Care Units
Utility as Adjunct Sedation

No randomized trials have compared ketamine with
conventional modes of sedation and analgesia in criti-
cally ill patients. At low doses (but typically higher than
doses for acute pain), ketamine can provide sedative and
analgesic effects and can be used as adjunctive therapy.’®
Subanesthetic doses ranging from 0.03 to 0.24 mg/kg/h
(0.5-4 pg/kg/min) are reported to be effective for seda-
tion. In small analyses and case reports, ketamine was
shown to decrease agitation and the use of concomitant
sedatives and antipsychotics while facilitating mechani-
cal ventilation liberation.” There is growing consensus
that ketamine may be a reasonable option to help
decrease agitation, manage pain, and facilitate opioid
and benzodiazepine withdrawal in critically ill patients.

In a study of trauma patients requiring mechanical
ventilation, ketamine reduced the amount of concomi-
tant sedatives and analgesics needed. Decreases in mor-
phine equivalents and propofol dosing requirements
were associated with the initiation of ketamine infu-
sions.” Doses of 0.03 to 0.06 mg/kg/h (0.5-1 pg/kg/
min) have proven to be effective in reducing the number
of sedative infusions within 24 hours needed to treat
patients receiving mechanical ventilation.”” Ketamine
infusions were also found to be associated with a signifi-
cant increase in goal sedation scores in comparison with
the 24-hour period preceding the infusion.*"* Patients
requiring mechanical ventilation in medical ICUs needed
slightly higher doses than did trauma patients. Ket-
amine doses of 0.04 to 2.5 mg/kg/h (0.7-41.7 pg/kg/
min) for a median duration of 2.8 days resulted in
lower sedative and analgesic doses after the initiation of
ketamine.* These findings support the theory that
ketamine can be safely used as an adjunctive agent for
sedation and analgesia in patients receiving mechani-
cal ventilation.*"***
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Ketamine has also been used as monotherapy for
sedation, but minimal literature supports this strategy.
Monotherapy may be reasonable for patients who can
tolerate light sedation or short durations of mechanical
ventilation. If ketamine is used as the sole agent, higher
doses will be needed to effectively treat patients receiving
mechanical ventilation. Ketamine is typically initiated at
0.06 to 0.12 mg/kg/h (1-2 pg/kg/min), with sedative effects
seen in doses ranging from 0.6 to 1.2 mg/kg/h (10-20 pg/
kg/min).” If targeted sedation is not achieved in that range,
consider bolus doses of additional sedatives or analge-
sics before adding continuous infusions.

Ketamine is often used in conjunction with another
continuous infusion to provide optimal sedation in patients
undergoing mechanical ventilation. The question then
becomes which agent to replace in an analgesia-based
sedation protocol. The available evidence does not clearly
delineate the answer. Ketamine is commonly treated as a
sedative medication and used with analgesic medications
such as fentanyl. However, the appropriate dose of
ketamine as an adjunctive agent is inconclusive largely
because of varying dosing strategies to achieve desired
results. The use of different units of measure (milligrams
per kilograms per hour vs micrograms per kilograms per
minute) causes a wide variation in doses. Total daily
doses for a 70-kg patient can vary significantly from 2016
mg (1.2 mg/kg/h [20 ug/kg/min]) to 4704 mg (2.8
mg/kg/h [46.7 ng/kg/min]), depending on institution
standards. Further studies are needed to determine the
most appropriate dosing scheme for the critically ill, but
actual body weight is typically used. Although evidence
is lacking, dose adjustments may be warranted in the
morbidly obese. Because ketamine is a highly lipo-
philic compound, prolonged exposure to high doses could
lead to toxicity.*

Clinical Application
Monotherapy with ketamine in patients receiving

mechanical ventilation is not well described in the litera-
ture. It is reasonable to use ketamine in conjunction with
other agents to reduce sedative requirements. According
to the evidence, initiation of continuous infusion of ket-
amine at 0.06 mg/kg/h (1 pg/kg/min), with increases of
0.03 mg/kg/h (0.5 pg/kg/min) every 15 minutes to goal
sedation or a maximum dose of 1.2 mg/kg/h (20 pg/kg/
min), is a reasonable strategy.”! Special populations may
require higher doses, but the risks and benefits should

www.ccnonline.org

be assessed because higher doses may induce a disso-
ciative state that may worsen delirium. Patients should
be frequently monitored for adverse effects such as
hypertension, tachycardia, altered mental status, and
increased agitation.

Routes and Rates of Ketamine
Administration

Ketamine can be administered through intravenous,
intramuscular, or intranasal routes. The route of admin-
istration may limit the dose of ketamine on the basis of
concentration and volume. Most of the available litera-
ture describes intravenous administration, which is the
most ideal route for the treatment of acute pain and
provision of sedation in adult populations.* Intrave-
nous administration is the fastest route of administration
to provide therapeutic does for acute pain and sedation.
However, the rate of infusion is associated with adverse
effects. Ketamine is recommended to be administered
slowly because rapid administration may result in brief
apnea and an enhanced cardiovascular response.” Motov
et al*® conducted a prospective, randomized, double-
blinded, double-dummy trial to compare the clinical effects
of 5-minute intra-

venous pushand ~ Ketamine can be safely used as an
15-minute intrave- adjunctive agent for sedation and

nous infusion of  analgesia in patients receiving
low-dose ketamine mechanical ventilation.

to treat acute pain.

No significant difference in the analgesic effect was
seen, but significant differences were found in the
adverse effect profile and level of sedation. Patients receiv-
ing a 5-minute intravenous push had higher rates of feel-
ings of unreality and more severe adverse eftects.
Administration by 5-minute push was also associated with
a deeper level of sedation. The level of central nervous
system disturbance appears to be higher with rapid
administration than with slower infusion.** Administra-
tion of ketamine over 15 minutes has demonstrated sim-
ilar efficacy, with minimal risk for adverse effects.”

Ketamine Adverse Effects

Although ketamine has been reported to be safe and
well tolerated, adverse events such as hypertension,
tachycardia, decreased cardiac output, secretions, bron-
chodilation, and changes in mental status have been
reported."* The most well-known concern for ketamine
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is its mind-altering effect. Ketamine can provoke a state
similar to schizophrenia because of its N-methyl-p-
aspartate antagonism. This unique dissociative state is
characterized by a feeling of detachment from reality
and impaired cognitive function. In addition, ketamine
can cause transient increases in positive and negative
symptoms of schizophrenia, dissociative symptoms, and
manic symptoms. These symptoms may be present at
the time of administration but usually disappear within
60 minutes of administration.”” The incidence of these
adverse effects can be reduced by maintaining a quiet
environment while administering ketamine.”” Central ner-
vous system effects are seen more often in patients who
receive doses greater than 2 mg/kg per dose, receive a high
rate of infusion (>40 mg/min), or have a preexisting
psychiatric condition.” Other psychotomimetic effects
include feelings of intoxication, increased confusion,
lowered inhibition, and perceptual disturbances.*
Although these effects are usually temporary, they can
be significantly distressing for patients. Ketamine should
be used cautiously in patients with recent myocardial
infarction, malignant hypertension, tachyarrhythmia,
heart failure, and cardiogenic shock because it will
increase cardiac demand and output.?

The psychotomimetic properties of ketamine are a
trademark adverse effect typically seen when patients
emerge from a dissociative state. Because of the timing of

symptom

Current evidence does not link sustained onset, this
ketamine infusions with delirium.

occurrence
is termed
the emergence phenomenon. Patients may experience
floating sensations; vivid, pleasant dreams; nightmares;
hallucinations; and delirium.*** These symptoms have
been associated with female sex, large doses, and rapid
drug administration.” Evidence suggests that concomitant
medications can decrease the severity of these events. Pre-
medication with oral clonidine 90 minutes before surgery
reduces the incidence and severity of nightmares attributed
to anesthesia induction with ketamine. This benefit may
be limited clinically with subanesthetic ketamine doses
because of different dosing schemes, rates of administra-
tion, and onset of action of oral clonidine. Studies of cloni-
dine use with subanesthetic ketamine doses are required
before this practice can be recommended.*

Intravenous benzodiazepines such as diazepam and
midazolam have a fast onset and have been shown to
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reduce psychological manifestations during emergence
and attenuate the hemodynamic response to ketamine.”
Propofol has also been used as an adjunctive agent to
reduce the psychotomimetic effects of ketamine; this
combination is called ketofol.* By administering both
agents together, individual dose-dependent adverse effects
are attenuated while clinical efficacy is maintained.*
Lemoel et al** conducted a double-blind randomized
controlled trial to evaluate the adverse effect profile of
ketofol (1:1 ratio of ketamine to propofol) compared with
ketamine for emergency procedural sedation. Adverse
events were reduced by 22.4% with use of the ketamine-
propofol combination.” However, dosing and efficacy may
be in question because a significant number of patients
required more than 2 doses of ketofol to achieve the pre-
determined level of sedation before the procedure.***
Although studies have shown the efficacy of ketofol, its
use is not recommended or considered standard of care
at this time.

Despite the extensive use of ketamine, controversy
regarding its neurological effects remains. The known
psychological disturbances and hallucinations associated
with ketamine theoretically increase a patient’s risk for
developing delirium. This concern is significant because
delirium puts patients at greater risk for negative outcomes
in the ICU. This apprehension has not been validated in
the literature, and rates of delirium-free days are similar
for ketamine-based infusions and for nonbenzodiazepine
sedatives.” Avidan et al*® assessed the intraoperative use
of ketamine at 0.5 mg/kg and at 1 mg/kg as a single
dose after anesthesia induction. The incidence of
delirium did not differ between the ketamine and pla-
cebo groups, but patients who received ketamine experi-
enced more hallucinations and nightmares.* Further
studies are necessary, but the current evidence does not
link sustained ketamine infusions with delirium. Reports
have also suggested that ketamine exhibits neurotoxicity
and impairs neurogenesis in animal and in vitro models.***
However, concentrations required to cause neuronal
death greatly exceed typical anesthetic concentrations.*
The clinical significance of dose-dependent neuronal tox-
icity should be questioned because these concentrations
are difficult to achieve, especially when using ketamine
for acute pain and sedation. Randomized controlled
studies are required to elucidate the true significance and
incidence of neurotoxicity because the available evidence
is limited to bench and animal studies.
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Physiological tolerance may occur in individuals who
have undergone repeated procedures requiring anesthe-
sia with ketamine. Case reports have documented anal-
gesia, anesthesia, and psychoactive tolerance with repeated
doses of ketamine and illicit drug use. Potential depen-
dence through chronic or repetitive ketamine use is a
concern, but reports of abuse are minimal."***” A study
evaluating healthy participants receiving subanesthetic
doses of ketamine for a 6-month period found no instances
of cravings or abuse, suggesting that low-dose ketamine
is less likely to produce dependence.

Conclusion

Ketamine can be used in various settings and strate-
gies to manage patients’ sedative or analgesic needs. No
standard unit of measure is currently used to describe
ketamine infusion rates; various studies report infusion
rates in milligrams per kilogram per hour or micrograms
per kilogram per minute. The dose can significantly differ
according to the rate used, potentially leading to errors in
administration. With increasing use of ketamine, patient
scenarios that require balancing the benefits and risks of
ketamine will arise. The lowest tolerable dose via short
or continuous infusion is recommended to avoid adverse
effects such as apnea and excessive sedation. Caution
should be exercised in patients with a history of cardiac
ischemia, coronary artery disease, or acute cardiogenic
shock because ketamine can increase blood pressure,
heart rate, and cardiac output and may worsen their
condition. Nurses should also be mindful of central ner-
vous system disturbances, delirium, or severe agitation
in patients receiving ketamine. Dose reduction or
adjunctive medication boluses should be considered.
Anticholinergic medications may be warranted if
patients develop excessive secretions.

Although more comparative studies are needed to
support the widespread use of ketamine in critically ill
patients, ketamine can be considered a potential option
for the treatment of pain and agitation. Ketamine has
both sedative and analgesic properties, is generally well
tolerated, and has minimal effects on respiratory drive,
which is an appealing profile for managing pain and
sedation in patients in the ICU. Additional data are
needed to determine the effects of ketamine on pain
control, level of sedation, opiate consumption, and patient
outcomes including delirium occurrence, duration of
mechanical ventilation, and length of ICU stay. CCN
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CCN Fast Facts

and Sedation

etamine is beneficial in clinical settings ranging

from procedural sedation to the treatment of

chronic pain. This article describes the clinical
benefits of ketamine for treatment of acute pain and for
sedation of patients undergoing mechanical ventilation.

* Low-dose boluses of ketamine (0.1-0.3 mg/kg) have
been shown to reduce pain scores and opiate con-
sumption when used as an adjunct to opiate therapy
in acute pain treatment.

Infusions of ketamine are well tolerated, significantly
reduce pain scores, and increase postoperative pain
control while decreasing opioid consumption in a vari-
ety of general surgical and orthopedic procedures. Ket-
amine is recommended as an analgesic adjunct to reduce
opioid consumption in adults after surgical procedures.

e For the treatment of acute pain, short (10- to 15-minute)
infusions of 0.3 mg/kg intravenous (IV) ketamine are
becoming more common and provide appropriate
analgesia while potentially reducing the risks associ-
ated with more rapid IV administration.

e Ketamine has been shown to decrease agitation and
the use of concomitant sedatives and antipsychotics
while facilitating mechanical ventilation liberation.
Ketamine may be an option to help decrease agita-
tion, manage pain, and facilitate opioid and benzo-
diazepine withdrawal in critically ill patients.

e Ketamine is often used in conjunction with another
continuous infusion to provide optimal sedation in
patients undergoing mechanical ventilation. However,
the appropriate dose of ketamine as an adjunctive
agent is inconclusive largely because of varying dos-
ing strategies to achieve desired results.
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Ketamine for Acute Pain Management

* Although evidence is lacking, dose adjustments may
be warranted in the morbidly obese. Because ketamine
is a highly lipophilic compound, prolonged exposure
to high doses could lead to toxicity.

e Ketamine can be administered through IV, intramus-
cular, or intranasal routes. The route of administration
may limit the dose of ketamine on the basis of con-
centration and volume.

e Ketamine is recommended to be administered slowly
because rapid administration may result in brief apnea
and an enhanced cardiovascular response.

e Although ketamine has been reported to be safe and
well tolerated, adverse events such as hypertension,
tachycardia, decreased cardiac output, secretions,
bronchodilation, and changes in mental status have
been reported. The most well-known concern for ket-
amine is its mind-altering effect. Ketamine can cause
transient increases in positive and negative symp-
toms of schizophrenia, dissociative symptoms, and
manic symptoms.

e Patient scenarios that require balancing the benefits

and risks of ketamine will arise. The lowest tolerable
dose via short or continuous infusion is recommended
to avoid adverse effects such as apnea and excessive
sedation. Caution should be exercised in patients with
a history of cardiac ischemia, coronary artery disease,
or acute cardiogenic shock because ketamine can
increase blood pressure, heart rate, and cardiac out-
put and may worsen their condition. Nurses should
also be mindful of central nervous system distur-
bances, delirium, or severe agitation in patients
receiving ketamin. CCN
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