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The American Association of Hip and Knee Surgeons (AAHKS),
The American Academy of Orthopaedic Surgeons (AAOS), The Hip
Society, The Knee Society, and The American Society of Regional
Anesthesia and Pain Medicine (ASRA) collaborated to develop
evidence-based guidelines on the use of ketamine in primary total
joint arthroplasty (TJA). The purpose of these guidelines is to
improve the treatment of primary TJA patients and reduce practice
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variation by promoting a multidisciplinary, evidence-based
approach to the use of ketamine in primary TJA.

The combined clinical practice guidelines are meant to address
common and important questions related to the efficacy and safety of
ketamine in primary TJA. Utilizing the AAOS Clinical Practice Guide-
lines and Systematic Review Methodology, the committee members
completed a systematic review and meta-analyses to support the
clinical practice guidelines [1]. Direct meta-analyses were performed
when the data allowed, but network meta-analyses were not per-
formed. Network meta-analyses are limited in their ability to control
for significant variation, particularly in the multimodal analgesic
protocols utilized, and the time points outcomes were reported. The
current clinical practice guidelines were based on the best available
evidence, so future updates may become necessary as additional
literature becomes available with new research.

Guideline Question 1

For patients undergoing primary TJA, does perioperative keta-
mine affect postoperative pain, opioid consumption, and/or com-
plications after surgery?

Response/Recommendation 1A

Ketamine administered intraoperatively decreases post-
operative opioid consumption.

Strength of Recommendation
Strong.

https://doi.org/10.1016/j.arth.2022.02.122
http://crossmark.crossref.org/dialog/?doi=10.1016/j.arth.2022.02.122&domain=pdf
www.sciencedirect.com/science/journal/08835403
http://www.arthroplastyjournal.org
https://doi.org/10.1016/j.arth.2022.02.122
https://doi.org/10.1016/j.arth.2022.02.122
https://doi.org/10.1016/j.arth.2022.02.122


C.P. Hannon et al. / The Journal of Arthroplasty 37 (2022) 1688e1690 1689
Response/Recommendation 1B

Ketamine administered intraoperatively may decrease post-
operative pain and reduce postoperative nausea and vomiting.

Strength of Recommendation
Moderate.

Response/Recommendation 1C

Ketamine administered intraoperatively is not associated with
an increase in adverse events in most patients. However, intra-
operative ketamine may lead to an increased risk of delirium and
hallucinations among elderly patients after surgery.

Strength of Recommendation
Moderate.

Rationale

Six high-quality studies evaluated the influence of intra-
operative ketamine on opioid consumption after primary TJA
[2e7]. Three of these studies also included a postoperative keta-
mine intravenous infusion for 24 hours [2,3,6]. Five of the six
studies found reduced postoperative opioid consumption after
primary TJA when intraoperative ketamine was administered
[2e6]. The one study that did not demonstrate this finding from Tan
et al. compared intraoperative ketamine administered at 6 mcg/kg/
minute to placebo and found no difference in opioid consumption
at 24 hours postoperatively. Due to heterogeneity in the dosing of
ketamine administered intraoperatively, we were unable to
conduct a meta-analysis.

Seven high-quality studies evaluated the influence of intra-
operative ketamine on pain after primary TJA [2e8]. Four of these
studies also included a postoperative ketamine infusion for
24 hours [2,3,6,8]. Four studies, two intraoperative only and two
intraoperative plus postoperative ketamine, found decreased pain
in the first 48 hours after primary TJA [3,4,7,8]. The three other
studies found no difference in postoperative pain between keta-
mine and placebo at all time points [2,5,6]. Although all studies that
evaluated postoperative pain are of high quality, the workgroup
downgraded this recommendation to moderate because of the
mixed evidence on the influence of intraoperative ketamine on
postoperative pain.

Four high-quality studies evaluated the effects of intra-
operative ketamine on postoperative nausea and vomiting
[4e6,8]. A meta-analysis of these four studies with limited het-
erogeneity (I2 ¼ 4.9%) found that ketamine significantly reduces
postoperative nausea and vomiting. (0.68 relative risk [RR]; 95%
confidence interval [CI] 0.50 to 0.92). The workgroup down-
graded this recommendation to moderate as this is not the pri-
mary purpose of intraoperative ketamine. While the antiemetic
effect is a beneficial secondary effect of ketamine, ketamine is
primarily used as an anesthetic for sedation and as an analgesic
for pain control.

Four high-quality studies evaluated the adverse effects of
intraoperative ketamine for primary TJA [4e6,8]. All four studies
found no increase in adverse events with the use of intraoperative
ketamine, including delirium and urinary retention. A meta-
analysis of three studies with no heterogeneity (I2 ¼ 0) found no
increased risk of postoperative delirium with intraoperative ke-
tamine administration (0.70 RR; 95% CI 0.29 to 1.69) [4e6].
Another meta-analysis of three studies with no heterogeneity
(I2 ¼ 0) found no increased risk of postoperative urinary retention
with intraoperative ketamine administration (1.02 RR; 95% CI 0.53
to 1.94) [5,6,8]. Although the meta-analyses demonstrate no
increased risk of postoperative delirium or postoperative urinary
retention, the rarity of the event makes it more difficult to study in
randomized clinical trials. Database studies might be better suited
to evaluate rare adverse events such as delirium. Two database
studies have evaluated the association between intraoperative
ketamine and delirium, with conflicting results between the
studies [9,10]. The authors were unable to determine a threshold
dose of intraoperative ketamine beyondwhich the risk of delirium
increases. In addition to these studies in TJA, the largest trial
conducted of 672 surgical patients found that patients 60 and
older had a higher rate of hallucinations and nightmares after
surgery with ketamine used intraoperatively thanwithout [11]. As
a result, the workgroup recommends using intraoperative keta-
mine with caution in elderly patients as it may be associated with
an increased risk of psychomimetic adverse events
postoperatively.
Areas for Future Research

The best available evidence on ketamine in primary TJA includes
high-quality data; however, there remain limitations in the
formulation of this clinical practice guideline. A majority of studies
published on the use of ketamine in TJA evaluate intravenous ke-
tamine administered intraoperatively. However, several of these
studies included a postoperative ketamine infusion for up to
48 hours postoperatively. With the evolution of modern multi-
modal analgesia and anesthetic protocols, along with decreasing
length of stay, postoperative infusions of anesthetics such as ke-
tamine are not commonly utilized. In addition, there is significant
variation in the dosing of ketamine utilized in the studies included
in this clinical practice guideline. Further studies are warranted to
determine the optimal clinical dose of ketamine thatmaximizes the
anesthetic and analgesic effects while minimizing postoperative
side effects. In addition, with the shift to outpatient TJA, further
research should investigate the role of ketamine for same-day
surgery.
Peer Review Process

Following the committee’s formulation of the Clinical Practice
Guideline draft, it underwent a peer review by the board of di-
rectors from AAHKS, ASRA, and the Hip and Knee Societies. The
AAOS Evidence-Based Quality and Value Committee reviewed the
Clinical Practice Guideline draft for endorsement. Additionally, the
publication of the systematic review and meta-analysis on opioids
in primary hip and knee arthroplasties that supported the formu-
lation of the Clinical Practice Guideline has undergone peer review
for publication.
Disclosure Requirement

All authors or contributors to the Clinical Practice Guideline
have provided a disclosure statement in accordance with the
publicly available AAOS Orthopedic Disclosure Program. All authors
and contributors attest none of the disclosures present are relevant
to the Clinical Practice Guidelines. In accordance with the AAOS
Clinical Practice Guidelines and Systematic Review Methodology, all
authors and contributors attest none of the current disclosures are
relevant to the Clinical Practice Guidelines, and no prior relevant
financial conflict was within a year of initiating work on the
guideline.
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FDA Clearance Statement

According to the FDA, it is the prescribing physician’s re-
sponsibility to ascertain the FDA clearance status for all medica-
tions prior to use in a clinical setting.
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