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Abstract
Introduction: Ketamine has been around for over 50 years in the United States and is now
commonly used in anesthesia practice. When administered in subanesthetic doses, it is an
effective alternative to opioid administration for postoperative pain control without the unwanted
side effects of higher doses. Total joint arthroplasty is one of the most performed orthopedic
surgeries and effective pain control is a must. The research evidence reflected lower pain scores
in the immediate and early postoperative periods (6-24 hours) in patients who underwent total
joint replacement surgeries and received intraoperative ketamine.
Methods: The project design was a retrospective chart review using Cerner 1Chart of patients
aged 40 to 65 years old who underwent total knee arthroplasty or total hip arthroplasty surgery.
The postoperative pain scores of the patients who did and did not receive intraoperative ketamine
were collected and analyzed pre and post educational intervention.
Results: A total of 80 cases were analyzed with half being pre-educational intervention and 40
pos-educational intervention. A Chi-Square Test and t-test were performed on the data obtained
from the retrospective chart review. There were no statistically significant differences in
ketamine administration by CRNAs before and after the intervention (chi-square = .29, p =.59).
There were no statistically significant differences in patient’s self-reported levels of pain based
on the administration of ketamine (t(78) = 1.13, p = .26).
Discussion: The overall sample size was relatively small, and more data could be collected over
a longer time frame to be analyzed. Assessing and trending the postoperative pain scores over a
6—24-hour period could yield useful information.
Keywords: Chronic postsurgical pain, ketamine, postoperative pain management, total joint

arthroplasty.



Intraoperative Ketamine Administration for Enhanced Pain Management
Introduction
Ketamine has been around for over 50 years in the United States and is now commonly
used in anesthesia practice. When administered in subanesthetic doses, it is an effective
alternative to opioid administration for postoperative pain control without the unwanted side
effects of higher doses. Total joint arthroplasty is one of the most performed orthopedic surgeries

and effective pain control is a must.

Background

Pain is something everyone experiences in life. Some pain is short term while
other pain is longer. There are many different types of pain with a myriad of potential causes.
Acute pain typically lasts less than one month and has a known cause such as injury or surgery.
Chronic pain lasts longer than three months and can be caused by disease, inflammation, or even
reasons unknown. Subacute pain lasts longer than one month but less than three months.

Total joint replacement surgery encompasses both total knee arthroplasty (TKA) and total
hip arthroplasty (THA). Total joint replacement is one of the most performed orthopedic
operations. Postoperative pain associated with surgical procedures is an expected occurrence in
the recovery room. Pain associated with total joint arthroplasty surgery can be categorized as
acute or subacute. Effective perioperative analgesia is important for both patient satisfaction and
improved rehabilitation (Souzdalnitski et al., 2014). The method we use to treat and manage
patients’ pain levels is of utmost importance in the intraoperative and postoperative periods.
Acute and subacute pain management is imperative so that it does not progress to chronic pain.

Managing pain is beneficial to both patient recovery and overall experience. Pain management is



so important in the United States that hospital reimbursement is tied to patient perception of pain
management while they are in the hospital.

Pain medications administered during the perioperative period are most commonly
opioids. Opioids have the potential to be highly addictive with many problematic side effects
such as tolerance, physical dependence, constipation, nausea, vomiting, and increased sensitivity
to pain. Multimodal pain management is becoming more popular during the perioperative period.
Multimodal pain management is a combination of non-opioid medications that can provide the
same amount of pain relief without the side effects of opioid medications.

Ketamine is one opioid alternative medication that can be administered. Ketamine is a N-
methyl-d-aspartate (NMDA) receptor antagonist that can provide analgesic properties when
administered at sub-anesthetic doses of less than one milligram per kilogram. In addition to
reducing the amount of opioids consumed in the 24 to 48 hour postoperative period, Ketamine
was shown to reduce the incidence of postoperative nausea and vomiting (PONV) without
increasing incidence of hallucinations (Watson, Wood, & Tubog, 2023). Ketamine used for pain
management in total knee arthroplasty surgery has been shown to decrease pain scores and total
cumulative morphine administration in the first 24 hours postoperatively (Li & Chen, 2019). Sub-
anesthetic Ketamine improves pain scores and reduces perioperative opioid consumption (Gorlin
et al., 2016). When administered at sub-anesthetic doses, the unwanted side effects associated
with higher anesthetic doses are typically rare. Ketamine can also be useful for opioid intolerant
patients, cancer patients or chronic pain patients who need high-dose opioids (Kaur et al. 2015).
Problem Statement

Perceived pain in total joint arthroplasty surgery patients can be improved with

multimodal pain management to include administration of ketamine intraoperatively.



Subanesthetic doses of ketamine reduces pain scores along with decreasing the amount of
opioids received in recovery. My DNP project plan is to improve perceived pain in surgery
patients with the implementation of intraoperative ketamine administration. The postoperative
pain scores and amount of opioids received in total joint replacement surgery patients will be
compared between those who receive intraoperative ketamine and those who do not.
Organizational “Gap” Analysis of Project Site

The project site currently does not routinely administer ketamine intraoperatively for total
joint arthroplasty patients. The decision of administration is left to the individual anesthesia
provider. The current state of the literature shows these patients will benefit from improved pain
management when they receive ketamine intraoperatively.

Review of Literature

The state of the literature was reviewed pertaining to the use of ketamine for analgesic
purposes in patients presenting to surgery for total knee or total hip arthroplasty. PubMed and
CINAHL databases were both searched using keywords total joint arthroplasty and ketamine.
Five articles were identified with one being a randomized clinical trial (RCT) and four being
systematic reviews and meta-analyses.

To begin, Li & Chen (2019) completed a meta-analysis of six randomized controlled
trials (RCTs). There were 244 patients presenting for total knee arthroplasty (TKA) surgery
included among the six RCTs. The meta-analysis was completed using the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) checklist. The intervention included
ketamine given for postoperative pain management and was compared to those without. The
outcomes assessed were postoperative pain scores between 6-48 hours postoperative, hospital

length of stay, morphine consumption during stay, and any adverse effects that were noted. The



visual analog scale (VAS) was assessed after TKA at 6, 12, 24, and 48 hours postoperative. At 6
hours, the pooled data showed ketamine lowered the pain score significantly more than the
placebo (p=0.003). At 12 hours, the VAS showed a sizeable difference between the two groups.
The VAS score at 24 hours postoperative showed substantial differences between the groups as
well (p=0.001). The analysis did not show any significant difference at 48 hours postoperative
(p=0.911). Four articles reported hospital length of stay and analysis did not show any
noteworthy differences between the groups (p=0.722). Four studies also reported postoperative
complications and showed that ketamine could meaningfully reduce the occurrence of nausea
and vomiting in recovery. The limitations of this study included a small study size. There was a
lack of uniform ketamine doses and administration times, which could potentially affect the
overall results.

Wang et al. (2020) completed a PRISMA-compliant meta-analysis where the VAS scores
were analyzed at 6, 12, 24, and 48 hours after total hip arthroplasty (THA) or TKA surgery.
There were 1,145 patients included among 21 RCT studies. Patients who were assigned the
control group received normal saline (NS) and patients who were a part of the experimental
group received ketamine for analgesic purposes. The pooled data from five studies shows the
VAS score noted at the 6 hour postoperative mark to be lower in the group who received
ketamine compared to those in the control group (p<0.00001). The pooled data from six studies
shows the VAS to also be considerably lower in the ketamine group at 12 hours postoperative
(p<0.0001). At 24 hours, the pooled results from thirteen studies revealed that the VAS score
noted at 24 hours to be lower in the ketamine group (p=0.001). Seven studies revealed the VAS
at 48 hours after surgery to still be significantly lower in the ketamine group compared to the

control group (p=0.006). Morphine consumption that was assessed at 24 hours postoperative



stated that the morphine equivalent consumption was appreciably lower than the control group
(p=0.003).

Watson et al. (2022) completed a systematic review of five studies to include two RCTs
and three systematic reviews using PRISMA checklist. There were 1,284 patients included that
underwent TKA or THA surgery. The systematic reviews and meta-analyses combined a total of
22 RCTs. Ketamine was administered through various routes to reduce pain scores within the 24-
hour postoperative period. These routes included epidural, intra-articular (IA), intravenous (IV)
and IV patient controlled analgesia (PCA). Ketamine was given during the preoperative,
intraoperative on induction or surgical incision, or postoperative period. Pain scores were
assessed in the postoperative period using a numeric rating scale (NRS) or the VAS which were
converted to a 0 to 10 point pain scale with 0 being no pain and 10 being worst pain. This
conversion was done for uniformity of data when pain scores were assessed at 6, 12, 24, and 48
hours postoperatively. At 6-12 hours, there was a meaningful reduction noted in the pain scores
of patients treated with ketamine. It was calculated to have decreased by an average of 1.45 on
the 0 to 10 scale ( p<0.0001).

Xu et al. (2019) examined ketamine efficacy and safety for analgesia purposes after TKA
and THA surgery using a systematic review. The sample size was 577 patients within 10 RCTs.
The experimental group received ketamine for postoperative pain relief whereas the control
group received a placebo. IV administration of ketamine was used in seven studies and 1A or
epidural in the remaining three studies. The data indicated that IV ketamine had considerably
lower pain scores compared to the control group during the early (p<0.001) postoperative period

but not the later period (p=0.14). The pooled results showed that IA administration was



appreciably lower than the control group in the late postoperative period (p<0.001) with no
major differences in the early postoperative period (p=0.52).

Lastly, Zhang et al. (2018) conducted a randomized clinical trial comprised of 84 patients
presenting for TKA who were randomly split into four groups. These patients received
postoperative pain management via differing routes such as intra-articular saline, ketamine (ket
group), bupivacaine (bupi group) or ketamine and bupivacaine (ket+bupi group). At 24 and 48
hours, the VAS was considerably reduced in the ket+bupi group when compared to the placebo
group. Additional studies with different dosages in a larger clinical trial are needed for
justification of analgesic effect mechanism.

Discussion:

The data presented between the five reviews showed that ketamine administration
consistently decreased total morphine consumption during the 6-24 hours postoperative period.
There was not a notable reduction noted in pain scores at the 48 hours point and beyond. Two of
the systematic reviews included IA administration of ketamine with one of them also including
epidural ketamine administration. The remaining three reviews evaluated IV ketamine

administration.

Evidence-based Practice: Verification of Chosen Option
In total joint replacement patients (P), does receiving intraoperative ketamine (I) compared to not
receiving ketamine (C) decrease pain scores and total opioid consumption (O) during the

immediate postoperative period (T)?
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Theoretical Framework or Evidence-based Practice Model

The middle-range theory that will be used to guide this project is the Acute Pain
Management Theory by Good and Moore (1996). The discipline of origin is nursing with Good
and Moore both being doctoral prepared Registered Nurses. There are many broad conceptual
nursing models, but most are lacking prescriptive nursing theories for acute pain management
specifically (Good & Moore, 1996). Clinical practice guidelines are useful in the middle-range
prescriptive theory because they are specific recommendations that can be applied for practice.
The Acute Pain Management Theory is driven by nurses to achieve analgesia and describes
several key requirements. Not only is regular assessment of pain and associated side effects
important, but so is patient teaching. A goal must be set with each patient on their acceptable
pain relief and reassessed throughout the clinical course. Inadequate pain relief and unacceptable
side effects should be monitored and identified. Acute pain management should be well-balanced
in both analgesia and side effects in adult patients (Good & Moore, 1996). The goal is to improve
patient pain perception while decreasing side effects.

Clinical practice guidelines are recommendations to guide practitioners in the clinical
care of patients. These guidelines can be as specific as a clinical algorithm or a broad
recommendation. These recommendations are prescriptive and are expected to result in enhanced
health outcomes (Good & Moore, 1996). Hannon et al. (2022) describes clinical practice
guidelines for the use of ketamine in total joint arthroplasty. These guidelines were developed
with key stake holders such as the American Association of Hip and Knee Surgeons (AAHKS),
American Society of Regional Anesthesia and Pain Medicine (ASRA), American Academy of
Orthopaedic Surgeons (AAOS), Hip Society, and Knee Society. Guideline recommendation 1A

states “ketamine administered intraoperatively decreases postoperative opioid consumption” and
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guideline 1B states “ketamine administered intraoperatively may decrease postoperative pain and
reduce postoperative nausea and vomiting” (Hannon et al., 2022).

This middle-range theory is directly related to the clinical problem in the specific patient
population I am addressing with the intervention to improve postoperative pain. The clinical
practice guidelines straightforwardly support the use of intraoperative ketamine administration.
The end goal is successful pain management while maintaining a balance between side effects
and analgesia. Patient teaching and goal setting for pain relief both play a significant role in
achieving the end goal (Good & Moore, 1996). Often time opioids are used in pain management
and can severely limit patient participation by causing drowsiness along with nausea and
vomiting. The evidence shows sub-anesthetic doses of ketamine reduces opioids requirements
while not causing excessive drowsiness and nausea/vomiting. See appendix for Conceptual Map.

Goals, Objectives, and Expected Outcomes
Pain Score

The intervention of administering ketamine for enhanced postoperative pain management
can be evaluated in different ways. The outcome to be evaluated will be the self-reported pain
scores reported by the patient after total joint replacement surgery. The perceived pain will be
rated on a numeric pain rating scale of 1 to 10 at regular intervals postoperative. Xu et al. (2022)
described the intervention of intravenous ketamine administration having lower pain scores
compared to the placebo during the 0-8 hour postoperative period (p<0.001) but not the 9-12
hour period (p=0.14) in a study of 577 patients.

Other systematic reviews and meta-analyses describe ketamine administration to lower pain
scores in the first 24 and 48 hours overall. Wang et al. (2020) described both the visual analog

scale (VAS) and total morphine consumption to be reduced in patients who received ketamine
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when assessed at the 24 and 48 hour postoperative mark. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) compliant meta-analysis demonstrated
ketamine is an effective and safe analgesic medication for both TKA and THA (Wang et al.,
2020). Regular assessment and reassessment of pain and side effects will be implemented as
described in the Acute Pain Management Theory to ensure they are acceptable to the patient.
Setting Facilitators and Barriers

The setting facilitators include a supportive anesthesia and education department
committed to evidence-based practice. Potential barriers include anesthesia providers that may
not implement the research into practice.

Methods

A retrospective chart review was performed using the electronic medical record (EMR)
software system Cerner 1Chart. Patient pain score data was collected postoperatively on both
patients who received and did not receive ketamine intraoperatively during total joint
replacement surgery. Data analysis was performed to evaluate for normality of the dependent and
independent variables. Data will also be analyzed to calculate central tendency and variation
which meets criteria for the test. Once that is complete, the data was interpreted with a chi-square
test to show the relationship between the variables. Statistical programs utilized include
Microsoft Excel and Statistical Package for Social Sciences (SPSS).
Project Design

The DNP Project design was a retrospective chart review and quantitative in nature.
Postoperative pain scores were collected and compared in patients that underwent total joint

replacement surgery. The DNP Project data will compare the outcomes of patients who received
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ketamine intraoperatively to those who did not receive ketamine intraoperatively to show if there
was enhanced pain control or not.
Project Site and Population

The project site was a non-profit hospital in North Alabama that is owned by Huntsville
Hospital Health System. The facility provides surgical services on both an inpatient and
outpatient basis. The target population includes patients having total join replacement surgery,
including total knee arthroplasty and total hip arthroplasty. Inclusion criteria is patients receiving
ketamine intraoperatively during total joint replacement surgery. Anesthesia types include spinal
anesthesia. Exclusion criteria includes patients with a diagnosis of chronic pain on long term
opioid therapy.
Measurement Instruments

For this project, measured indicators for effective postoperative pain management. The
measure was the patients’ pain score in the recovery room. The pain score is assessed regularly
and routinely in the post anesthesia care unit (PACU) and will provide insight into the patients’
pain level. The patient is asked to rate their pain on a numeric scale of 1 to 10 with 1 being little
to no pain and 10 being the worst pain they have ever felt. The postoperative pain score is
quantitative in nature. Operationally, this was accessed and collected from the electronic medical
record (EMR). This measure was compared in patients who received intraoperative ketamine
versus patients who did not receive intraoperative ketamine.
Data Collection Procedures

Data was collected from the patients” EMR chart. In the case of this project, the hospital

system uses Cerner 1Chart as their EMR application. A retrospective chart review was performed
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to collect the necessary data for the project. Data security is extremely important and must be
handled with the utmost care. The data collection did not contain any patient identifiers.
Data Analysis

I collected quantitative data through a retrospective chart review that includes
postoperative pain scores in total joint replacement patients. A Chi-Square Test and t-test were
performed on the data obtained from the retrospective chart review. There were no statistically
significant differences in ketamine administration by CRNAs before and after the intervention
(chi-square = .29, p = .59).

Cost-Benefit Analysis/Budget

There were no out of pocket costs for this project to be completed. The use of the

electronic medical record (EMR) software is complimentary.
Timeline

Approval for exemption from the Huntsville Hospital Institutional Review Committee
was received on February 5, 2024. Institutional Review Board (IRB) approval was received from
The University of Alabama on February 19, 2024. The DNP project was implemented on
February 26, 2024. A retrospective chart review was conducted pre-intervention on total joint
replacement surgery patients who had an operation between February 26, 2024 to March 26,
2024. 2 weeks was allotted for the educational intervention. A retrospective chart review was
conducted post-intervention on total joint replacement surgery patients who had an operation
between April 10, 2024 to May 10, 2024. A retrospective chart review was completed and the

data was analyzed in May 2024. Findings were disseminated in June 2024.
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Ethical Considerations/Protection of Human Subjects

The University of Alabama (UA) Institutional Review Board (IRB) approval will be
obtained prior to initiating the project. All participants were protected by the Health Insurance
Portability and Accountability Act of 1996 (HIPAA) which protects the privacy of the patients’
health information. All electronic patient data will be stored on UA Box and all data will be de-
identified by removing protected health information (PHI). This will be accomplished by
assigning each participant an identification number and the master list connecting each patient to
their identification number will be stored separately.

Results

A total of eighty charts were reviewed with forty being from each group. In the pre-
intervention group, 25% of the patients received ketamine intraoperatively while 75% did not.
The mean pain score postoperatively in patients that received ketamine was 0.5 on a scale of 1 to
10 while the patients who did not receive ketamine was 1.5. In the post-intervention group, 20%
of the patients received ketamine intraoperatively while 80% did not. The mean pain score
postoperatively in patients that received ketamine was 1.5 on a scale of 1 to 10 while the patients
who did not receive ketamine was 1.1.

Interpretation/Discussion

A Chi-Square Test and t-test were performed on the data obtained from the retrospective
chart review. There were no statistically significant differences in ketamine administration by
CRNAs before and after the intervention (chi-square = .29, p = .59). There were no statistically
significant differences in patient’s self-reported levels of pain based on the administration of
ketamine (t(78) = 1.13, p =.26). I believe there could be a few reasons there was no differences

noted on the impact on ketamine usage. The overall sample size was relatively small, and more
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data could be collected over a longer time frame to be analyzed. As noted, ketamine did not
lower postoperative pain in this sample. Assessing and trending the postoperative pain scores
over a 6—24-hour period could yield useful information and is not always possible in the
outpatient setting where the patient is discharged home shortly after surgery. Spinal and regional
anesthesia is commonly utilized in total joint replacement surgery, and this has the potential to
skew the results as it lowers the immediate postoperative pain scores until it completely wears
off.
Conclusion

In conclusion, the data of the administration of ketamine shows it effectively reduces the
consumption of opioids and is effective in pain control in the immediate postoperative period.
Implications for practice include introducing ketamine administration for postoperative pain
benefits. Total joint replacement surgery is being performed mostly as an outpatient procedure.
Enhanced recovery, adequate pain control, and timely discharge are all important factors to be

taken into consideration for this patient population.
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Appendix A
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