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Background: Ketamine infusions have been used for decades to treat
acute pain, but a recent surge in usage has made the infusions a mainstay
of treatment in emergency departments, in the perioperative period in
individuals with refractory pain, and in opioid-tolerant patients. The
widespread variability in patient selection, treatment parameters, and
monitoring indicates a need for the creation of consensus guidelines.
Methods: The development of acute pain ketamine guidelines grew as a
corollary from the genesis of chronic pain ketamine guidelines. The charge
for the development of acute pain ketamine guidelines was provided by the
Boards of Directors of both the American Society of Regional Anesthesia
and Pain Medicine and the American Academy of Pain Medicine, who ap-
proved the document along with the American Society of Anesthesiolo-
gists' Committees on Pain Medicine and Standards and Practice
Parameters. The committee chair developed questions based on input from
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the committee during conference calls, which the committee then re-
fined. Groups of 3 to 5 panel members and the committee chair were
responsible for answering individual questions. After preliminary con-
sensus was achieved, the entire committee made further revisions via
e-mail and conference calls.
Results: Consensus guidelines were prepared in the following areas:
indications, contraindications for acute pain and whether they differ
from those for chronic pain, the evidence for the use of ketamine as
an adjunct to opioid-based therapy, the evidence supporting patient-
controlled ketamine analgesia, the use of nonparenteral forms of keta-
mine, and the subanesthetic dosage range and whether the evidence
supports those dosages for acute pain. The group was able to reach con-
sensus on the answers to all questions.
Conclusions: Evidence supports the use of ketamine for acute pain in a
variety of contexts, including as a stand-alone treatment, as an adjunct to
opioids, and, to a lesser extent, as an intranasal formulation. Contraindica-
tions for acute pain are similar to those for chronic pain, partly based on the
observation that the dosage ranges are similar. Larger studies evaluating
different acute pain conditions are needed to enhance patient selection, de-
termine the effectiveness of nonparenteral ketamine alternatives, define op-
timal treatment parameters, and develop protocols optimizing safety and
access to care.

(Reg Anesth Pain Med 2018;43: 456–466)

Subanesthetic ketamine, a phencyclidine analog and dissocia-
tive anesthetic agent, was first used as a general anesthetic in

the 1960s. The use of ketamine in subanesthetic concentrations
for analgesia and other indications has exploded recently. Although
its indication for severe depression and chronic pain—for which it
is often serially administered on multiple occasions—has garnered
the most attention, its use in the context of acute pain has also
surged. The rationale for using ketamine in chronic compared with
acute pain is different. For chronic pain, ketamine is purported to
reverse central sensitization and enhance descending modulatory
pathways; hence, the use of higher cumulative dosages and serial
infusions is often advocated.1

Ketamine's analgesic properties in acute pain likely derive from
its reversible antagonism of the N-methyl-D-aspartate receptor,2–4

although it exerts effects on μ-opioid receptors, muscarinic
receptors, monoaminergic receptors, γ-aminobutyric acid recep-
tors, and several others.5 It has been successfully used to treat acute
pain in such diverse conditions as sickle cell crises, renal colic, and
trauma. Because central sensitization and impaired descending in-
hibitory systems do not play as prominent a role in acute traumatic
pain compared with chronic pain conditions, the mechanisms for
pain relief stem from ketamine's profound analgesic properties,
l Anesthesia and Pain Medicine • Volume 43, Number 5, July 2018
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which are intricately bound with its psychomimetic effects. One
driving force for the increased use in acute pain is the burgeoning
effort to reduce the risk of chronic opioid use after acute exposure
and its subsequent complications, including addiction.6–8

Ketamine is increasingly being administered in inpatient set-
tings with acute pain service guidance and in outpatient settings
under a variety of models. Although interest clearly exists, the
details of implementation and management have not been
defined, and clinicians and patients have questions with yet-
to-be-determined answers. Some of the questions revolve
around variability in patient selection, drug-dosing regimens, and
management protocols.

To date, few recommendations are available to guide this
emerging acute pain therapy. The variability in patient selection,
drug dosing, monitoring, and management protocols speaks to
the need for guidance. The purpose of these guidelines is therefore
to provide a framework for safe use of ketamine in the acute
pain setting.
TABLE 1. Levels of Evidence for Guidelines
and Recommendations

Certainty of
Net Benefit

Magnitude of Net Benefit

Substantial Moderate Small Zero/Negative

High A B C D
Moderate B B C D
Low Insufficient
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METHODS OF DEVELOPMENT
This was a joint effort launched in November 2016 by the

American Society of Regional Anesthesia and Pain Medicine
(ASRA) and the American Academy of Pain Medicine (AAPM).
In December 2017, the preliminary draft document was sent to the
American Society of Anesthesiologists' (ASA's) Committees on
Pain Medicine, and Standards and Practice Parameters, which
approved the document with minor revisions.

The Ketamine Guidelines Committee was asked to develop
guidelines that could be used by institutions, regulatory bodies
and third-party payers, and practitioners to develop protocols,
guide decision making, and improve patient outcomes and safety.
The committee identified the need for distinct ketamine guidelines
for acute and chronic pain in December 2016 during its first con-
ference call. Panel members were selected by the 2 organizations
and the chairperson of the Consensus Guidelines Committee on
Ketamine for Pain Management (S.P.C.) based on their expertise
in the use of ketamine, development of protocols to regulate its
use, and ability to critically evaluate the literature. The questions
and answers that comprised the guidelines were divided into mod-
ules composed of 3 to 5 authors and the committee chair, with 1
panel member designated as lead. The 6 questions were selected
by the committee chair, revised by the acute guideline's first
author (E.S.S.), and further modified by the committee en bloc.
The author modules developed answers to the questions, with
the chair and his designee(s) resolving discrepancies. All manu-
script sections were then reviewed by the entire committee and
revised by consensus. We intended to consider agreement by
more than 75% of committee members as a consensus, noting
the specific dissensions and reasons why, but were able to reach
complete agreement on all questions.

Search engines used included MEDLINE, EMBASE, Google
Scholar, and Cochrane Database of Systematic Reviews, as well
as manual examination of the bibliographic sections of all manu-
scripts. Because of the paucity of high-quality studies, all types of
articles were considered for inclusion. Key words used for the
different sections included but were not limited to “ketamine,”
“norketamine,” “N-methyl-D-aspartate receptor,” “postoperative,”
“perioperative,” “postsurgical,” “preemptive,” “preventive,” “acute
pain,” “sickle cell,” “trauma,” “subanesthetic,” “adjunct,” “patient-
controlled analgesia,” “opioid,” “contraindication,” “central
sensitization,” “nonparenteral,” “oral,” “intranasal,” and “topical.”
Protocols from multiple academic, private practice, and govern-
ment institutions were also reviewed to better appreciate standards
of care. Each question's conclusions were graded from A to D or
as insufficient based on the US Preventive Services Task Force
(USPSTF) grading of evidence guidelines, which defined levels
of evidence based on magnitude and certainty of benefit, described
what the implications of the various grades of evidence are for
clinical practice, and outlined what the levels of certainty mean
(Tables 1–3).9 The system was modified for use by the American
Societyof Interventional PainPhysicians for pain treatment ther-
apies.10 It was chosen over several others, such as the Oxford Cen-
tre for Evidence-Based Medicine levels of evidence11 and the
Grading of Recommendations Assessment, Development, and
Evaluation method,12 because of its flexibility, which allows for
high-grade recommendations in the absence of level I studies
and for multiple grades of recommendations.

In addition, the ketamine protocols of the institutions of all
authors and otherswere examined for policies on patient selection,
dosing, contraindications, and monitoring and are acknowledged
when appropriate in our recommendations.
DISCUSSION

Key Questions

Guideline Question 1: Which Patients and
Acute Pain Conditions Should Be Considered for
Ketamine Treatment?

The indications for any therapy, including how to appropri-
ately select patients, are critical in ensuring that it provides the
maximal benefit with minimal risk to the greatest number of pa-
tients. In the case of subanesthetic ketamine in the acute pain set-
ting, patients who benefit most fall into several broad categories.
The first group of patients are those undergoing surgery in which
the expected postoperative pain will be severe. This includes up-
per abdominal and thoracic surgery, where the greatest benefit in
opioid reduction has been reported, as well as lower abdominal,
intra-abdominal, and orthopedic (limb and spine) procedures.2 Pa-
tients undergoing procedures with expected mild levels of pain,
such as tonsillectomy and head and neck surgery, have not been
shown to benefit from perioperative ketamine.

Another group of patients who may be considered for acute
ketamine therapy are those who are opioid tolerant or opioid de-
pendent and presenting for surgery or those with an acute exacer-
bation of a chronic condition. Although ketamine is widely used
in this patient population, evidence for opioid-dependent patients
specifically is limited to a few randomized controlled trials
(RCTs). One RCT by Loftus and colleagues13 in 102 opioid-
dependent patients undergoing major spine surgery showed re-
duced 48-hour opioid consumption as well as opioid usage at
6 weeks in patients who received intraoperative ketamine only.
Other studies in the same patient population have been less im-
pressive14 or shown no benefit15,16; however, those 3 studies col-
lectively enrolled only slighter more patients (N = 122) than did
Loftus et al13 (N = 102). Another RCT of opioid-dependent
patients who were undergoing several types of noncancer
457
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TABLE 2. What the Grades Mean and Suggestions for Practice

Grade Definition Suggestions for Practice

A The USPSTF recommends the service. There is high
certainty that the net benefit is substantial.

Offer or provide this service.

B The USPSTF recommends the service. There is high
certainty that the net benefit is moderate, or there is
moderate certainty that the net benefit is moderate
to substantial.

Offer or provide this service.

C The USPSTF recommends selectively offering or
providing this service to individual patients based
on professional judgment and patient preferences.
There is at least moderate certainty that the net benefit
is small.

Offer or provide this service for selected patients
depending on individual circumstances.

D The USPSTF recommends against the service. There is
moderate or high certainty that the service has no net
benefit or that the harms outweigh the benefits.

Discourage the use of this service.

I The USPSTF concludes that the current
evidence is insufficient to assess the balance of
benefits and harms of the service. Evidence is lacking,
of poor quality, or conflicting, and the balance of
benefits and harms cannot be determined.

Read the clinical considerations section of USPSTF
Recommendation Statement. If the service is offered,
patients should understand the uncertainty about the
balance of benefits and harms.
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surgery, primarily spine surgery, reported lower pain ratings
in the ketamine group but no change in opioid consumption.17

Taken together, the studies suggest at least mild benefit for
ketamine in the opioid-tolerant population, and the committee
strongly believes this benefit may be moderate.

Opioid-dependent nonsurgical patients might benefit from
ketamine during acute exacerbations of chronic pain conditions.
In patients with sickle cell disease, several case reports suggest that
ketamine improves analgesia in adults18–21 as well as children.22 In
one of these cases, a patient was taking close to 5000 mg of daily
oral morphine equivalents, and after 30 days in the hospital with
poorly controlled pain (pain ratings were 7–10 out of 10), he was
able to have his pain controlled with a 7-day ketamine infusion
(discharge pain rating was 6 out of 10 in the hip and 4 out of 10
TABLE 3. Levels of Certainty Regarding Net Benefit

Level of Certainty*

High The available evidence usually includes consisten
primary care populations. These studies assess
is therefore unlikely to be strongly affected by

Moderate The available evidence is sufficient to determine
the estimate is constrained by such factors as:
• The number, size, or quality of individual stu
• Inconsistency of findings across individual s
• Limited generalizability of findings to routin
• Lack of coherence in the chain of evidence

As more information becomes available, the mag
change may be large enough to alter the concl

Low The available evidence is insufficient to assess ef
• The limited number or size of studies
• Important flaws in study design or methods
• Inconsistency of findings across individual s
• Gaps in the chain of evidence
• Findings not generalizable to routine primary
• Lack of information on important health out

More information may allow estimation of effect

*The likelihood that the assessment of the net benefit of a service is correct
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in all other joints).18 However, no RCTs have examined ketamine
use in this context. Other acute pain conditions outside the peri-
operative setting in which ketamine has anecdotally been reported
to be effective include postendoscopic retrograde cholangio-
pancreatography pancreatitis pain,23 renal colic,24 and exacer-
bation of central pain from Ehlers-Danlos syndrome.25

The last subset of patients for whom ketamine may be bene-
ficial is those who are at increased risk for opioid-related respira-
tory depression, such as those with obstructive sleep apnea (OSA).
Opioids increase the severity of OSA syndrome after surgery,26 and
agents that can help limit opioid consumption are desirable.
Although subanesthetic ketamine has clearly been shown to
reduce postoperative opioid consumption,2–4 its effect on
the incidence of respiratory depression is less clear because
Description

t results from well-designed, well-conducted studies in representative
the effects of the service on health outcomes. This conclusion
the results of future studies.
the effects of the service on health outcomes, but confidence in

dies
tudies
e primary care practice

nitude or direction of the observed effect could change, and this
usion.
fects on health outcomes. Evidence is insufficient because of

tudies

care practice
comes
s on health outcomes.
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most studies have not specifically addressed this. High-level
evidence is lacking for ketamine in the sleep apnea population.

Overall, we conclude that subanesthetic ketamine infu-
sions should be considered for patients undergoing painful sur-
gery (grade B recommendation, moderate level of certainty).
Ketamine may be considered for opioid-dependent or opioid-
tolerant patients undergoing surgery (grade B recommen-
dation, low level of certainty). Because evidence is limited
to case reports and series as well as the clinical experience
of the committee, ketamine may be considered for opioid-
dependent or opioid-tolerant patients with acute or chronic
sickle cell pain (grade C recommendation, low level of cer-
tainty). For patients with sleep apnea, ketamine may be
considered as an adjunct to limit opioids (grade C recom-
mendation, low level of certainty).
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Guideline Question 2: What Dose Range Is Considered
Subanesthetic, and Does the Evidence Support Dosing
in This Range for Acute Pain?

Ketamine's analgesic properties in subanesthetic doses have
been recognized for decades.27 The US Food and Drug Admin-
istration (FDA) prescribing information lists the anesthetic induc-
tion dose as ranging from 1 to 4.5 mg/kg, noting that the average
dose is 2mg/kg. The FDAmonograph on ketamine also states that
it is indicated as a sole anesthetic agent for surgical procedures
that do not require muscle relaxation.28

Ketamine produces analgesia at plasma concentrations of 100
to 200 ng/mL, which represent a small fraction of plasma concen-
trations after general anesthesia doses (9000–25,000 ng/mL).29,30

The common subanesthetic dose of ketamine used in clinical prac-
tice is intravenous (IV) 0.3- to 0.5-mg/kg bolus,31 with or without
an infusion (usually started at 0.1–0.2 mg/kg per hour) depending
on the duration of analgesic response required for a patient.13

In the placebo-controlled trial by Loftus and colleagues,13 the
authors administered a preincision bolus of 0.5 mg/kg followed
by an intraoperative ketamine infusion of 0.6 mg/kg per hour
until emergence to 52 opioid-tolerant patients undergoing back
surgery. Compared with placebo, they were able to demonstrate
an analgesic effect and decrease in opioid consumption for up
to 6 weeks postoperatively.

Reductions in opioid consumption have been demonstrated
in mechanically ventilated, surgical intensive care patients on opi-
oid infusions when ketamine was initiated at a low-dose contin-
uous infusion rate of 0.06 to 0.30 mg/kg per hour.32 However,
in a recent small study of 48 pediatric patients undergoing sco-
liosis spine surgery, a subanesthetic ketamine dose of 0.5 mg/kg
followed by an infusion at 0.12 mg/kg per hour for 72 hours
yielded no significant differences in opioid consumption or pain
scores compared with placebo.33 In a longitudinal cohort study
performed in 230 children, adolescents, and young adults, patients
with acute (78%) and chronic (22%) pain were given different
doses of ketamine infusions depending on whether they were
opioid tolerant. Opioid-naive patients were administered keta-
mine infusions of 0.05 to 0.4 mg/kg per hour, opioid-tolerant
patients received dosages ranging from 0.05 to 1 mg/kg per hour,
and thosewith documented opioid-induced hyperalgesia underwent
infusion rates of 1 mg/kg per hour. A significant reduction in pain
scores with minimal adverse events (AEs) was observed starting
from the day of infusion up to the day after cessation of treat-
ment.34 Fifty-two percent of patients were able to reduce their opi-
oid consumption by at least 20%. Factors associated with greater
benefit included longer duration of infusion, cancer-related pain,
and acute inflammatory conditions (eg, pancreatitis). In a case
report and review of the literature by Uprety et al,18 the authors
found that 83.3% of 18 patients with sickle cell crises experi-
enced significant pain improvement and reduction in opioid us-
age with subanesthetic ketamine. Doses were not provided. Three
peoplewere reported to experience adverse effects, with one requir-
ing discontinuation.18 Finally, in a meta-analysis of 14 randomized
trials totaling 649 patients, Pendi et al35 found that subanesthetic
ketaminewas associated with lower pain scores and less postoper-
ative morphine consumption for up 24 hours following spine sur-
gery, with no difference in the rate of AEs. Ketamine bolus doses
ranged from 0.15 to 10 mg/kg, and infusion rates ranged from
0.06 to 5.0 mg/kg per hour.35

The analgesic effects induced by subanesthetic ketamine are
reflected by objective measures, such as functional imaging. In a
study performed in 8 volunteers subjected to noxious thermal
stimuli, Rogers et al36 found that a subanesthetic infusion of keta-
mine (0.71 mg/kg per hour) significantly reduced pain scores
compared with a saline infusion and subanalgesic dosage and
was accompanied by a decrease in activity in brain regions that
activate in response to noxious stimuli (the insular cortex and
thalamus), as shown on functional magnetic resonance imaging.36

The subanalgesic dose (0.18 mg/kg per hour) resulted in no sig-
nificant decrease in pain scores compared with placebo and smaller,
nonsignificant changes in brain activity. In a similar functional
imaging study performed in 12 male volunteers, subanesthetic
doses of ketamine (20 mg/70 kg over the first hour followed by
40 mg/70 kg over the next hour) resulted in a 46.9% decrease in
pain scores in response to heat stimuli compared with placebo.
An increase in connectivity was noted in the cerebellum and visual
cortex, whereas decreased connectivity was observed in the
auditory network and somatosensory regions responsible for
pain perception and the affective processing of pain, including
the amygdala, insula, and anterior cingulate cortex.37

In summary, the ketamine anesthetic induction dosage range
has wide variability, particularly at the lower end of the spectrum
around 1 mg/kg. However, it is clear that dosages below the anes-
thetic range can render patients at risk of aspiration aswell as other
adverse sequelae, including cardiovascular and psychomimetic
effects.27 Reducing the infusion rate may decrease the incidence
of such adverse effects.38 Therefore, nil per os and other precau-
tions should be implemented on a case-by-case basis at the pro-
vider's discretion. In addition, clinicians who are overseeing the
administration of ketamine in acute pain settings should be trained
in airwaymanagement and Advanced Cardiac Life Support (ACLS).
This recommendation mirrors that of the Consensus Guidelines on
the Use of Intravenous Ketamine Infusions for Chronic Pain from
ASRA, AAPM, and ASA.39

The dosing range that is considered subanesthetic is not con-
sistently defined in the literature, with one review setting the cut-
off at <1.2 mg/kg/h.40 In addition, few acute pain studies have
directly compared different doses. However, the majority of acute
pain studies used bolus doses of less than 0.5 mg/kg and infusion
rates of less than 0.5 mg/kg per hour (8 μg/kg per minute). The
large majority of the protocols we examined, including those
at the authors' institutions, specified that infusion rates are not
to exceed 1 mg/kg per hour (16.67 μg/kg per minute) except in
rare circumstances on a case-by-case basis.

Therefore, we recommend that ketamine bolus doses do
not exceed 0.35 mg/kg, and infusions for acute pain generally
do not exceed 1 mg/kg per hour in settings without intensive
monitoring, but we also acknowledge that individual pharma-
cokinetic and pharmacodynamic differences, as well as other
factors (eg, prior ketamine exposure), may warrant dosing out-
side this range. Ketamine's adverse effects will prevent some
patients from tolerating higher doses in acute pain settings,
459
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and unlike for chronic pain therapy, lower doses (ie, 0.1–0.5mg/kg
per hour) may be needed to achieve an adequate balance of
analgesia and adverse effects (grade C recommendation,
moderate level of certainty).

Guideline Question 3: What Is the Evidence to Support
Ketamine Infusions as anAdjunct toOpioids andOther
Analgesic Therapies for Perioperative Analgesia?

Opioids are usually a component of a typical postoperative
analgesia regimen, and a multimodal strategy is frequently used
to achieve the best results. However, opioid tolerance, adverse
effects, contraindications, or a combination of those factors may
prevent or limit the use of 1 or more components of the multi-
modal regimen. Although ketamine is clearly a potent analgesic,
this question deals with how effective it is when added to a mul-
timodal analgesia regimen in the perioperative period. In other words,
what benefit does ketamine confer to analgesiawhen a standard reg-
imen of opioids and other medications is already being used?

The effect of administering subanesthetic doses of ketamine
(defined in 1 review as a bolus dose of ≤1 mg/kg when adminis-
tered via an IV route and/or an IV infusion rate of ≤1.2 mg/kg per
hour or 20 μg/kg per minute)40 was assessed in 4 recent meta-
analyses, each with at least 10 RCTs, and one that studied it as
an adjunct to patient-controlled analgesia (PCA) with opioids
(Table 4).2,35,42,43 The addition of ketamine was associated with
a small but significant reduction in pain scores, a moderate de-
crease in the requirement of opioids in all 4 meta-analyses, and
a lower incidence of postoperative nausea and vomiting during
the initial postoperative period in 3 of the reviews.2,42,43 None of
the 4 meta-analyses reported increased sedation with use of keta-
mine, and only one found an increase in neuropsychiatric adverse
effects of ketamine (eg, hallucinations, nightmares).2 In an RCT
comparing morphine PCA using a 1.5-mg demand dose to a de-
mand dose containing 1 mg of morphine and 5 mg of ketamine
in 41 postthoracotomy patients, the group who received
TABLE 4. A Summary of Results of Systematic Reviews and Meta-A
Analgesia

Authors and Year
No. RCTs
Included Goal of Study

Laskowski et al2 (2011) 70 Determine the effect of
IV ketamine on
postoperative analgesia

Ketamine
opioid
efficac
major

Jouguelet-Lacoste
et al41 (2015)*

39 Determine the effect of an
IV single dose or infusion
of ketamine on
postoperative analgesia

Ketamine
opioid
48 pos

Wang et al42 (2016) 36 Determine the effect of
IV ketamine added to
opioid IV-PCA

Ketamine
opioid
in the

Assouline et al.43

(2016)
19 Determine the effect of

ketamine added to an
opioid IV-PCA in
surgical patients

Ketamine
consum

Pendi et al35 (2018) 14 Determine the effect of
ketamine on analgesia
after spine surgery

Ketamine
opioid
24 pos

*Evidence-based review.

PONV indicates postoperative nausea and vomiting.
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subanesthetic ketamine experienced comparable pain control
with fewer adverse effects and a 45% reduction in morphine
consumption.44 A retrospective study of ketamine infusions
that included 321 surgical and nonsurgical patients reported
an incidence of 16.2% for neuropsychiatric AEs, but the study
had no control group, and the authors could not be certain that
all events were attributable to ketamine rather than other med-
ications. The institutional protocol at this hospital had an upper
dosing limit of 1 mg/kg per hour.45

Convincing evidence is lacking to support a specific sub-
anesthetic IV loading dose or infusion dose range for IV
ketamine.46,47 Commonly reported dosing regimens during the
perioperative period include a bolus of IV ketamine 0.1 to
0.5 mg/kg followed by an infusion of 0.1 to 0.6 mg/kg per
hour13,17,41,48 that is either discontinued at the end of surgery
or continued up to the third postoperative day. Although a study
that used a ketamine infusion at the lower end of the dose range
(bolus of 0.15 mg/kg and infusion at 0.12 mg/kg per hour during
and for 24 hours after surgery) reported no analgesic benefit in pa-
tients on opioids who had spine surgery,15 no published RCTs
have compared different bolus and infusion doses of ketamine.

Overall, we conclude that moderate evidence supports use
of subanesthetic IV ketamine bolus doses (up to 0.35 mg/kg)
and infusions (up to 1 mg/kg per hour) as adjuncts to opioids
for perioperative analgesia (grade B recommendation, moder-
ate level of certainty).

Guideline Question 4: What Are the Contraindications
to Ketamine Infusions in the Setting of Acute Pain
Management, and Do They Differ From Chronic
Pain Settings?

Ketamine is most commonly used for acute pain manage-
ment in the settings of trauma, exacerbation of chronic painful
conditions, and postsurgical pain, particularly in patients who are
opioid tolerant. In these contexts, subanesthetic doses are
nalyses on the Role of Ketamine as an Adjunct for Perioperative

Conclusions Comments

reduced pain scores and
consumption; greatest
y in thoracic, upper abdominal,
orthopedic surgeries

Effect independent of type of
intraoperative opioid, dose,
or timing of ketamine
Hallucinations and nightmares
more common with ketamine

reduced pain scores and
consumption for the first
toperative hours

Evaluated a low-dose infusion
rate of less than 1.2 mg/kg per
hour with or without bolus dose
of 1 mg/kg

reduced pain scores,
consumption, and PONV
first 72 postoperative hours

Adverse events of ketamine were
probably underreported

reduced pain scores, opioid
ption and PONVat 24 hours.

No significant change in the incidence
of hallucinations. Data insufficient
to draw conclusions on
respiratory adverse events or a
dose-response relationship.

reduced pain scores and
consumption for the first
toperative hours

No increase in adverse effects
with ketamine
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generally used. The major ketamine contraindications are often
based on its anesthetic use at high doses and include poorly con-
trolled cardiovascular disease and hepatic dysfunction. The avail-
able clinical studies for subanesthetic use unfortunately provide
little guidance on contraindications. Most trials have enrolled gen-
erally healthy individuals without major risk factors, so the ef-
fect of low-dose ketamine in at-risk individuals is largely
unknown. In addition, most trials are relatively small and are
therefore unlikely to detect uncommon but serious adverse ef-
fects. Few studies comment specifically on contraindications
using subanesthetic dosages for acute pain and those that do often
refer to the traditional contraindications to its use as an anesthetic,
such as elevated intraocular and intracranial pressure, both of
which are controversial.49–52

Several RCTs have been conducted with ketamine in the
perioperative setting. One excluded patients with elevated intra-
cranial pressure, intraocular pressure, uncontrolled hypertension,
history of psychosis, and pregnancy13; a second excluded psycho-
sis, pregnancy, or altered mental status17; and another excluded
severe cardiopulmonary disease, uncontrolled hypertension, raised
intracranial pressure, glaucoma, hepatorenal dysfunction, preg-
nancy, and psychosis.15 For acute pain, poorly controlled cardio-
vascular disease, pregnancy, and hepatic dysfunction seem to be
commonly agreed-upon relative contraindications. None of the
studies, however, reported any patients who experienced major
adverse cardiovascular events or hepatic dysfunction as a result
of ketamine, so the clinical significance of these relative contrain-
dications is uncertain.

When comparing randomized trials for acute pain to those
evaluating its use for chronic pain, similar exclusion criteria are
noted. Schwartzman et al53 studied complex regional pain syn-
drome patients with ketamine infusions up to 0.35 mg/kg per
hour and excluded patients with poorly controlled hypotension
and hypertension, cardiac failure, renal failure, hepatic failure,
glaucoma, and thyrotoxicosis. In another RCT, Sigtermans et al,54

who administered between 5 and 30 mg/h of ketamine over sev-
eral days, excluded patients who were pregnant or had increased
intracranial pressure, psychosis, or serious cardiovascular, renal,
or liver disease. Of note, the dose ranges in these studies were very
similar to those used in several acute pain RCTs.

Most studies for acute pain provide some details on AEs.
Across the studies, the most commonly reported AEs are nausea,
vomiting, vivid dreams or hallucinations, and, rarely, dissociative
effects. In most studies, the incidence of AEs is only slightly ele-
vated compared with placebo or no difference.2,4 Consideration of
AEsmust be interpreted with caution because they are often spon-
taneous patient reports, not graded for severity or interrogated by
validated instruments.

Clinicians should exclude or limit ketamine use in patients
with the commonly considered contraindications. These include
severe hepatic dysfunction (eg, cirrhosis),55 high-risk coronary
artery disease,56 and poorly controlled psychiatric conditions
involving psychosis, such as schizophrenia. For liver disease,
1 study57 on complex regional pain syndrome found that a second
moderate-dose ketamine infusion (around 30 mg/h) performed
3 weeks after a 100-hour initial infusion was associated with sig-
nificant elevation in liver function tests that necessitated terminat-
ing the trial, and another study58 reported elevated liver function
tests following anesthetic bolus dosages (3–4 mg/kg).

A recent consensus statement from the American Psychiatric
Association59 does not explicitly cite psychosis as an absolute
contraindication. Although the reasons are not noted, they may
include the high coprevalence rate between depression and
schizophrenia and other Axis I diagnoses.60 A related issue is
whether a patient with substance use disorder should be exposed
to ketamine in an acute pain setting, given its addictive potential.
The committee believes there is little to no evidence in the liter-
ature at this time that suggests that brief exposure to ketamine
while in a hospitalized setting increases the chance of addiction
to ketamine, and opioids may not be a viable option in individ-
uals with an acute pain condition who have opioid use disorder
and high tolerance. However, the possibility exists,61 and this
should be assessed on a case-by-case basis. The risk assessment
may differ from that for patients receiving ketamine for chronic
pain, which is typically a less urgent indication.

In summary, the literature provides very little guidance for
the specific issue of subanesthetic ketamine contraindications in
acute pain. Evidence from the large body of literature that studied
ketamine as an anesthetic must be evaluated and interpreted in the
context of lower doses being used with unclear dose-response re-
lationships. All drugs, including ketamine, should be monitored
on a continuous basis for safety and efficacy, weighing the risk-
benefit ratio throughout treatment. With careful patient moni-
toring, ketamine may be used safely for acute pain despite some
traditional contraindications. The committee believes that there
is no evidence to suggest that the contraindications for acute pain
should differ from those for ketamine used to treat chronic condi-
tions,39 with the exception of the use of ketamine in active sub-
stance abusers (Grade C relative contraindication for chronic
pain, not a contraindication for acute pain) and poorly controlled
cardiovascular disease (Grade B relative contraindication for
chronic pain, Grade C for acute pain). These differences were at-
tributed to the more urgent nature of treating acute pain, and for
substance abuse, the fact that in most cases the drug of abuse is
opioids, which is the primary pharmacological alternative.

One important issue not directly addressed in a guideline
question relates to the necessary qualifications of the personnel
who supervise or direct the administration of subanesthetic keta-
mine. Although doses used in the acute pain setting may be lower
at times than those used in chronic pain settings, the monitoring
requirements do not differ. The Consensus Guidelines on the
Use of Intravenous Ketamine Infusions for Chronic Pain from
ASRA, AAPM, and ASA39 state that “only those trained in
the induction and maintenance of ketamine infusions such as
anesthesiologists, critical care–trained physicians, and pain physi-
cians with appropriate credentials to include training in airway
management be responsible for decisions regarding administra-
tion of this medication in doses that may render a patient unre-
sponsive. Indeed, a study of subanesthetic ketamine required that
subjects be nil per os for 6 hours prior to the treatments, suggest-
ing that aspiration precautions were deemed necessary even with
subanesthetic concentrations.”36 An appropriately trained health
care provider, who should be a registered nurse with ACLS cer-
tification and additional training in the administration of moderate se-
dation and knowledge of ketamine pharmacology, can monitor the
patient receiving ketamine infusions in subanesthetic doses and
change the infusion rate based on directions from the responsible
physician, who should be an anesthesiologist, intensive care phy-
sician, pain physician, or emergency medicine physician. These
recommendations apply to ketamine's use in acute pain as well.

Finally, treatment of adverse effects of ketamine used in the
acute pain setting may be accomplished with benzodiazepines or
clonidine, although few data are available to guide such therapy.
The committee agrees with the recommendations made in the Con-
sensus Guidelines on the Use of Intravenous Ketamine Infusions
for Chronic Pain fromASRA, AAPM, and ASA,39 which state that
there is “limited direct evidence supporting the preemptive use of
benzodiazepines and alpha-2 agonists… (grade C recommenda-
tion, low level of certainty).” No evidence supports the use of other
classes of medications to treat adverse effects of ketamine.
461
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Evidence indicates that ketamine should be avoided in
individuals with poorly controlled cardiovascular disease
(grade C evidence, moderate level of certainty) and preg-
nancy or active psychosis (grade B evidence, moderate level
of certainty). For hepatic dysfunction, evidence supports
that ketamine infusions should be avoided in individuals
with severe disease (eg, cirrhosis) and used with caution
(ie, with monitoring of liver function tests before infusion
and during infusions in surveillance of elevations) in indi-
viduals with moderate disease (grade C evidence, low level
of certainty). Evidence indicates that ketamine should be
avoided in individuals with elevated intracranial pressure
and elevated intraocular pressure (grade C evidence, low
level of certainty). Relative contraindications are shown
in Table 5.
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Guideline Question 5: What Is the Evidence to Support
Nonparenteral Ketamine for Acute Pain Management?

Ketamine is currently approved only for parenteral admin-
istration as an anesthetic agent. At present, no FDA-approved
nonparenteral formulations exist for oral or intranasal (IN)
administration. All published reports on oral or IN ketamine
administration have involved off-label use of compounded
products, which may carry increased risk of contamination.
Several proprietary IN formulations are in development with
intended psychiatric indications (primarily depression) as well as
some in early development for pain, the details of which are
unavailable. Whether the carriers in these as-yet unavailable
products affect the delivery characteristics is unclear, so com-
parisons to compounded products must be viewed with cau-
tion. Until commercially approved products are available, IN
administration of ketamine requires preparation by compounding
pharmacies in compliancewith USP-797 to ensure stability, steril-
ity, and correct dosing.62

Off-label oral ketamine is poorly bioavailable (approximately
20%, although it increases significantly when the contribution of
TABLE 5. Relative Contraindications to Ketamine Use for Acute Pain

Contraindication Supporting Studies (Autho

Cardiovascular
Severe cardiovascular disease or
poorly controlled hypertension

Loftus et al13 (2010); Schwartzma
Sigtermans et al54 (2009); Subr
et al15 (2011)

Central Nervous System
Elevated intracranial pressure Cohen et al50 (2015); Schwartzma

Sigtermans et al54 (2009); Subr
(2011); Zeiler et al51 (2014)

Elevated intraocular pressure Drayna et al52 (2012); Loftus et al
Schwartzman et al53 (2009); Su
et al15 (2011)

Hepatic
Moderate or severe hepatic
dysfunction (cirrhosis)

Noppers et al57 (2011); Schwartzm
Sigtermans et al54 (2009); Subr
et al15 (2011)

Psychiatric
Psychosis Barreveld et al17 (2013); Loftus et

Sigtermans et al54 (2009); Subr
et al15 (2011)

Other
Pregnancy Barreveld et al17 (2013); Loftus et

Subramaniam et al15 (2011)

462
its metabolite norketamine is taken into consideration),63 and
few studies provide guidance on dosing. In a randomized trial that
included 42 patients with chronic neuropathic pain randomized to
oral ketamine 30mg 3 times per day, oral methadone 3mg 3 times
per day, or the same doses of both drugs, the ketamine group
experienced greater pain relief after 3 months of therapy com-
pared with the other groups.64 A recent pilot study involving
3 patients who received 0.5 to 1 mg/kg of oral ketamine 3 times
per day also suggests effectiveness for acute postoperative
amputation pain.65

Few randomized trials involve IN ketamine for acute post-
operative pain. In a placebo-controlled study evaluating differ-
ent doses of IN ketamine in 40 patients undergoing third molar
extraction, meaningful pain relief was achieved over a 3-hour
period after a single dose of ketamine 50 mg but not with 10
or 30 mg.66 Adverse events were generally mild and similar to
the placebo group.

Most other reports evaluating nonparenteral ketamine are in
the emergency medicine literature. A randomized study per-
formed on 90 subjects compared IN ketamine (1 mg/kg) to IV
(0.1 mg/kg) or intramuscular (IM) morphine (0.15 mg/kg) for
acute traumatic pain.67 The authors found that IN ketamine
(56-mm maximal visual analog scale pain reduction) was asso-
ciated with similar safety and analgesia to morphine adminis-
tered via IV (59 mm reduction) and by the IM route (48-mm
decrease). For IN ketamine (14.3 minutes) and IV morphine
(8.9 minutes), the time to onset was significantly faster than
that in the IM treatment group. Another randomized, double-
blind trial compared single-dose IN ketamine (1 mg/kg) to IV
morphine (0.1 mg/kg) in 53 patients with renal colic. In this
visceral pain condition, both treatment groups appeared similar
in safety and effectiveness for up to 30 minutes after drug admin-
istration.68 Two other observational studies that enrolled adult and
pediatric patients for a variety of acute pain presentations also
demonstrated analgesic effectiveness for IN ketamine, with only
minor and transient AEs.69,70 In the first study,69 34 children were
given a 0.7-mg/kg bolus followed by an additional 0.3-mg/kg
rs and Year) Level of Evidence

n et al53 (2009);
amaniam

Grade C with a moderate degree of certainty

n et al53 (2009);
amaniam et al15

Grade C with a low level of certainty

13 (2010);
bramaniam

Grade C with a low level of certainty

an et al53 (2009);
amaniam

Grade C with a moderate degree of certainty
for severe disease and low level for
moderate disease

al13 (2010);
amaniam

Grade B with a moderate degree of certainty

al13 (2010); Grade B with a moderate degree of certainty
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bolus if pain exceeded 50 mm on a 100-mm visual analog scale. Pa-
tients were followed up for 60 minutes. In the second study,70 pa-
tients were given a bolus of 0.5 to 0.75 mg/kg and followed up for
60 minutes. Finally, in a systematic review evaluating IN ketamine
(dose range, 2–10 mg/kg) for procedural sedation and analgesia in
children (7 studies, 4 involving dental procedures, enrolling 264 total
patients), Poonai et al71 found IN ketamine to be superior to various
comparators (ie, IN sufentanil, midazolam, dexmedetomidine, and
placebo) being effective in 85% of cases. It should be emphasized
that the doses used in the included studies are larger thanwhat would
typically be used in acute pain.

In summary, the available evidence for oral ketamine in acute
pain management is extremely limited. For IN ketamine, several
small, randomized studies have been published demonstrating that
IN ketamine is well tolerated and provides comparable or superior
pain relief for 30 to 60 minutes to a variety of active comparators.
However, these reports contain limited numbers of subjects, and
few are blinded.

Based on a review of these studies, we conclude that the
use of IN ketamine is beneficial for acute pain management,
providing not only effective analgesia but also amnesia and
procedural sedation. Particular scenarios in which this should
be considered include individuals for whom IVaccess is diffi-
cult and children undergoing procedures (gradeC recommen-
dation, low-to-moderate level of certainty). For oral ketamine,
the evidence is less robust, but small studies and anecdotal re-
ports suggest it may provide short-term benefit in some indi-
viduals with acute pain (grade C recommendation, low level
of certainty).
ted by copyright.
000806 on 1 July 20
Guideline Question 6: Does Any Evidence Support
Patient-Controlled IV Ketamine Analgesia for
Acute Pain?

Intravenous PCA is a common manner of medication deliv-
ery in acute medical and postoperative pain settings. Opioid med-
ications are the most common analgesic medication administered
TABLE 6. Summary of ASRA/AAPM Recommendations for Subanes

Recommendation
Category Recommendation

Indications for use (1) Perioperative use in surgery with moderate
postoperative pain

(2) Perioperative use in patients with opioid to
(3) As analgesic adjunct in opioid-tolerant pat

sickle cell crisis
(4) As analgesic adjunct in patients with OSA

Dosing range Bolus: up to 0.35 mg/kg
Infusion: up to 1 mg/kg per hour

Relative contraindications (1) Poorly controlled cardiovascular disease
(2) Pregnancy, psychosis
(3) Severe hepatic disease, ie, cirrhosis (avoid

moderate hepatic disease (caution)
(4) Elevated intracranial pressure, elevated int

Personnel Supervising clinician: a physician experienced
ketamine (anesthesiologist, critical care phy
pain physician, emergency medicine physic
who is ACLS certified and trained in admin
moderate sedation

Administering clinician: registered nurse or ph
assistant who has completed formal training
administration of moderate sedation and is

*Evidencewas evaluated according to the USPSTF grading of evidence, whi
using this method, but ketamine has also been used in IV-PCA as
the sole analgesic and in combination with opioids to improve
pain control and reduce opioid-related adverse effects.

Ketamine as a sole IV-PCA analgesic was effective in treating
central pain in a single case report (average of 7 mg/h),72 pediatric
neuropathic pain in a case series (median dose of 0.06 mg/kg
per hour),73 and for pain from burn dressing changes in a small,
uncontrolled observational study (average dose of 94 mg over
78 minutes).74 No double-blind RCTs were identified.

The effect of ketamine added to an opioid in an IV-PCA on
postoperative pain intensity, cumulative opioid consumption,
and AEs was examined in 2 recent systematic reviews and meta-
analyses.42,43 The available RCTs examining this question had
heterogeneity in patient population and IV-PCA opioid, dosage, and
administration parameters. The majority of trials were performed on
adults. Most trials used morphine as the coadministered opioid, but
others used fentanyl, hydromorphone, or tramadol. The dosages of
ketamine varied from 1 to 5 mg per bolus. A majority of trials used
a demand-only IV-PCA with a prescribed lockout period, whereas
others used a demand IV-PCAwith a continuous background infu-
sion, and still others provided no documented protocol. The varia-
tions in practice contribute to the mixed results that were noted.75

Despite the heterogeneity, statistical modeling based on the available
trial data showed a benefit from the addition of ketamine to an opioid
IV-PCA in 24-hour pain intensity and immediate postoperative nau-
sea and vomiting, with no increase in the likelihood of hallucina-
tions.42,43 Opioid consumption up to 96 hours was reduced, with
no change found in the incidence of urinary retention, pruritus,
and nausea. Differences based on dosage42,43 and respiratory
AEs43 could not be determined with the available data.

Overall, we conclude that evidence is limited for the ben-
efit of IV-PCA–delivered ketamine as the sole analgesic for
acute or periprocedural pain (grade C recommendation, low
level of certainty). We conclude that moderate evidence sup-
ports the benefit of the addition of ketamine to an opioid-
based IV-PCA for acute and perioperative pain management
(grade B recommendation, moderate level of certainty).
thetic Ketamine in Acute Pain

Level of Evidence*

to severe

lerance
ients with

(1) Grade B, moderate certainty
(2) Grade B, low certainty
(3) Grade C, low certainty
(4) Grade C, low certainty

Grade C, moderate certainty

),

raocular pressure

(1) Grade C, moderate certainty
(2) Grade B, moderate
(3) Grade C, low certainty
(4) Grade C, low certainty

with
sician,
ian)
istering

ysician
in safe

ACLS certified

Grade A, low certainty (see Consensus Guidelines
on the Use of Intravenous Ketamine Infusions
for Chronic Pain from ASRA, AAPM, and ASA)35

ch defined levels of evidence based on magnitude and certainty of benefit.5
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FUTURE DIRECTIONS AND CONCLUSIONS

By current standards, ketamine is an old drug that has been
used clinically as an anesthetic agent since the 1970s.76 The desire
for analgesic alternatives to opioids, especially in light of the cur-
rent public health crisis and evidence that short-term opioid use
may lead to chronic opioid therapy in some patients,77 has led to
renewed interest in the use of ketamine as an analgesic in the acute
pain setting. However, practitioners have little guidance regarding
key questions concerning indications, contraindications, patient
selection, dosing, adverse effects, and expected outcomes. These
guidelines have attempted to summarize existing literature with
a particular focus on crucial issues that directly impact ketamine's
use in acute pain, including expert opinion when evidence is lack-
ing. The published evidence demonstrates a clear short-term, opioid-
sparing effect when ketamine is used in subanesthetic doses as a
perioperative adjunct, regardless of whether it is given as a bolus,
infusion, or via PCA. Multiple reviews have covered this topic
adequately,2–4,78 making additional review articles unlikely to
uncover new evidence or reveal new conclusions in the absence of
more data. Additional RCTs that include opioid-tolerant patients
with different degrees of tolerance and different pain subtypes,
such as acute neuropathic pain, could provide new information
that may assist practitioners (Table 6).

The primary issue preventing widespread adoption of keta-
mine infusions outside operative or intensive care unit settings is
the potential for adverse psychomimetic and cardiovascular effects.
Although the RCTs as well as observational studies have reported
varying rates of psychomimetic effects, almost all allowed opioids,
benzodiazepines, and other concurrent medications that confounded
the results. Studies comparing different dosing ranges are lacking,
and blinding can be difficult or impossible. Although a clear, dose-
dependent relationship for psychomimetic effects has not yet been
established for subanesthetic doses, because nearly all therapeutic
and most adverse pharmacologic effects are dose-related, this is
another area ripe for investigation. Also needed are additional
studies comparing different dose ranges and studies enrolling
patients with primary pain or comorbid conditions that have
not been well studied, such as sickle cell disease, pancreatitis,
and OSA. However, we acknowledge the difficulty of studying
such populations, given the lack of industry interest in funding
large, multicenter studies and the ethical and practical concerns
related to enrolling patients with acute pain conditions in a con-
trolled clinical trial. Trials that enroll patients with cardiovas-
cular disease, chronic kidney disease, hepatic dysfunction, or
neurologic diseasewho receive subanesthetic ketamine are impor-
tant to perform to delineate the safety profile of ketamine in these
populations. Those patients have traditionally been excluded from
most studies but are frequently present in acute pain settings in
which few other alternatives are available.

The use of ketamine to prevent persistent postsurgical pain
(PPSP) has been extensively studied, although individual studies
tend to be underpowered, considering the relatively low incidence
of PPSP, the anticipated small effect size, and the difficulties in-
herent in limiting cointerventions in the perioperative period,
and are therefore subject to the same methodological limitations
that apply to those evaluating ketamine for acute and chronic pain
management. A recent meta-analysis demonstrated a very small
effect size (number-needed-to-treat of 12 at 3 months and 14 at
6 months) for preventive ketamine in a perioperative context,
which indicates a need to better identify the patients and surgical
procedures most likely to benefit from ketamine and to determine
whether the use of ketamine in conjunction with other adjuvants
may prove more effective, as well as the dose and treatment dura-
tion required for reducing PPSP.78
464
Nonparenteral ketamine, especially IN ketamine, is likely to
continue to increase in use for acute exacerbations of chronic pain
conditions. It has been studied mostly in the emergency medicine
setting, where it provides brief but potent analgesia, especially for
procedures. Studies focused on long-term use of IN ketamine are
important to establish sustained benefit and better characterize the
adverse effect profile. The lack of FDA approval of nonparenteral
ketamine formulations for any indication will likely make these
studies difficult to perform.

In conclusion, despite its drawbacks, ketamine remains a
powerful and inexpensive tool for practitioners who manage
acute pain. We believe its use will continue to expand as more
institutions treat increasingly challenging patients in the perioper-
ative period as well as those with painful disease exacerbations
while trying to combat the opioid epidemic. More research is
needed to refine selection criteria for the treatment of acute pain
and possible prevention of chronic pain, to determine the ideal
dosing and treatment regimen to include coadministration of keta-
mine with opioids and adjuvants, and to better understand the
long-term risks of ketamine in patients who receive serial treat-
ments for frequent acute pain exacerbations.
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