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 Abstract 

 Phase II Site:  Fort Belvoir Community Hospital (FBCH), Fort Belvoir, Virginia 

 Project Title  :  Opioid-Sparing Analgesia in the Post-Anesthesia Care Unit: Subdissociative 

 Ketamine Administration 

 Authors:  Brown, A.D., Jung, A. M., Sanchez, E.A. 

 Background or Problem/Issue:  Opioid-sparing practices are frequently utilized intraoperatively 

 at FBCH as part of evidence-based ERAS protocols, but opioid-sparing practices have not been 

 continued postoperatively in the post-anesthesia care unit (PACU). 

 Clinical Question or Purpose:  In adult postoperative orthopedic patients, how does the use of 

 an evidence-based opioid-sparing analgesia PACU order set that includes subdissociative 

 ketamine (SDK), compared to current PACU orders, affect the of total dose of opioids 

 administered, and PACU pain scores at time intervals at 15, 30, and 60 minutes after arrival in 

 the PACU? 

 Project Design:  This was a quality improvement project that incorporated the use of SDK in the 

 PACU. The project utilized a pre and post implementation assessment between baseline data of 

 30 orthopedic cases to 30 cases post implementation of the total dose of opioids administered 

 and PACU pain scores at time intervals of 15, 30 and 60 minutes  . During the intervention period, 

 SDK at a dose of 0.3 mg/kg was administered for a pain score of greater than or equal to 4/10 on 

 a numeric pain scale. 
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 Analysis of the Results:  Assessment and comparison of the standard protocol with the SDK 

 protocol revealed no effect on pain scores, a decrease in the number of patients who received 

 fentanyl, and a decrease in the average dose of hydromorphone given to each patient. 

 Organizational Impact/Implications for Practice:  By adding SDK to the order set, it would 

 improve the ability of the PACU staff to administer alternative analgesics. This will increase 

 FBCH’s efforts to align with ERAS protocols and help optimize surgical outcomes for our 

 patients. 
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 Introduction 

 Opioids are powerful analgesics and have been used in balanced anesthesia techniques 

 since at least the 1920s, but their side effects, including potentially lethal respiratory depression, 

 hypotension, nausea, vomiting, and constipation warrant their cautious administration (Ng et al., 

 2017). The ongoing epidemic of opioid-related deaths further emphasizes the need to examine 

 perioperative opioid administration to ensure the implementation of safe and effective 

 postoperative pain management plans. National efforts to address the opioid crisis have 

 increased support for evidence-based Enhanced Recovery After Surgery  (ERAS)  protocols. 

 Surgical services at Fort Belvoir Community Hospital (FBCH) have implemented  ERAS 

 protocols, including practices to reduce the prevalence and extent of harm caused by 

 opioid-related sequelae.  ERAS  practices traditionally focus on concerted efforts across 

 preoperative, intraoperative, and postoperative environments to improve patient outcomes. 

 While opioid-sparing and even opioid-free anesthesia may be administered to a patient 

 undergoing surgery as part of evidence-based  ERAS  protocols, these opioid-sparing practices 

 have not been fully employed in the post-anesthesia care unit (PACU). At FBCH, the PACU 

 does not have defined protocols to deliver opioid-sparing practices during the immediate 

 recovery period. Opioids are usually ordered as a first-line treatment for pain, and few feasible 

 non-opioid analgesic medications are ordered or administered postoperatively. To expand  ERAS 

 practices into the postoperative environment, and to complement opioid-sparing techniques 

 employed earlier in the patients’ surgical experience, subdissociative ketamine was added to 

 existing PACU protocols to treat postoperative pain. This empowered registered nurses (RNs) in 

 the PACU to select this analgesic medication as a first-line alternative to opioids. Since the goal 
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 is to optimize and not eliminate opioid use, opioids remained available for severe pain and 

 patients for whom ketamine would not be appropriate. 

 Significance of the Problem 

 The side effects of prolonged or excessive opioid use can cause serious harm or death to 

 patients, and certain practices and patient predispositions can make these harms more likely. 

 Opioid-induced respiratory depression, the development of opioid use disorder, cognitive 

 impairment, nausea and vomiting, delirium, lethargy, risk of falls, and urinary retention are all 

 known side effects (Koepke et al., 2018). Furthermore, certain populations, including the elderly 

 and those with comorbidities, are even more susceptible to harm from these known side effects. 

 Lastly, chronic opioid use and its associated comorbidities can be problematic even for those 

 who already take them on a routine basis. A study examining the Nationwide Inpatient Sample 

 database found that preoperative opioid abusers were at increased risk of morbidity and 

 mortality following orthopedic surgery (Menendez et al., 2015). 

 The wider medical community has recognized the adverse consequences of opioid 

 administration for more than two decades. In 1999, Chia et al. found that patients who received 

 high doses of fentanyl intraoperatively had both higher pain scores and higher opioid 

 consumption postoperatively. According to Koepke et al. (2018), there is a known risk of 

 opioid-naive patients becoming chronic users of opioids (defined as opioid use lasting longer 

 than 90 days postoperatively) after surgery. In fact, the first time a patient may be exposed to 

 opioids during their lifetime may be during surgery. Confounding concerns regarding opioid 

 risks, pharmaceutical companies intentionally and selectively promoted misleading evidence 

 regarding the safety of their opioid products (Zee, 2009). Anesthesia providers must therefore 
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 be judicious with opioid administration and cognizant of factors that can contribute to a patient 

 developing chronic opioid use, including diabetes, younger age, lower income, and the duration 

 of the acute postoperative opioid use (Clarke et al., 2014). 

 The current opioid epidemic has become so severe that opioid overdose has passed motor 

 vehicle crashes as the leading cause of accidental death in the United States (Koepke et al., 

 2018). Additionally, there have been improvements in the ability to treat pain using 

 non-systemic opioid medications, making it possible to effectively treat pain without relying on 

 large doses of systemic opioids. In response to the ongoing public health emergency and the 

 development of the ability to avoid some of the negative consequences of opioid use by 

 employing alternative techniques, anesthesia providers have initiated efforts to examine their 

 services for ways to optimize pain control while mitigating risk. Supported by refined models of 

 pain science and treatment, including ERAS protocols that focus on opioid-sparing techniques, 

 the anesthesia community has critically examined and challenged traditional concepts that have 

 prevented patients from achieving maximal outcomes from anesthetic management. As an 

 example of one such former practice-shaping idea, in the 1990s, professional organizations 

 described pain as the “fifth vital sign” and “an enemy that needed to be eradicated” (Baker, 

 2017). This resulted in the over-prescription of opioids by licensed medical providers, which 

 was encouraged by large pharmaceutical companies who strongly advocated for their use 

 (Koepke et al., 2018). Consequently, as a result of these and other mechanisms, opioid 

 prescriptions in the United States grew from 76 million in 1990, to 116 million in 1999, and to 

 219 million by 2011 (Trasolini et al., 2018). In updating the schema around opioid 
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 administration and pain science, there have been continued efforts to develop and implement 

 opioid-sparing and opioid-optimizing techniques. 

 The current standard PACU order set at FBCH strongly favors opioid administration, 

 which is contrary to evidence for long-term pain control in most surgical procedures. The 

 opioids suggested for PACU use include a “use [this medication] first” qualifier in the orders, 

 and there are recommendations to use opioids for a pain score as low as 1 (presumably on a 

 10-point scale, although this is not defined in the order set). Additionally, only two suggested 

 analgesic options are not opioids. The first one, acetaminophen, may have already been given in 

 the preoperative holding area or the operating room (OR) and may not be available for use in 

 the PACU due to the required minimum times between doses. The second, ketorolac, includes 

 an instruction to use “in conjunction with opiate (sic).” While a patient may need opioids for 

 severe or intractable pain, the order set establishes a low threshold for their administration. 

 Recognizing a potential opportunity to address this problem, we examined the evidence and 

 searched for an additional non-opioid pharmacological adjunct that could be added to the 

 standard PACU order set. 

 Relevance to Military Nursing 

 As described previously, the administration of SDK in the PACU achieved an 

 opioid-sparing effect for beneficiaries at FBCH. Although the effect was small, care was 

 positively affected within this military treatment facility. As of the Fall of 2021, FBCH paid 

 $2.27 per single 500 mg vial of ketamine. Since each 500 mg vial can yield 10 syringes of 50 mg 

 each, if the FBCH pharmacy provides the desired 50 mg/ 5 mL syringes, a dose of SDK could 

 cost less than $0.25 for the medication itself. Such inexpensive solutions are rare. 
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 Ketamine is a medication that has been successfully used on the battlefield for many 

 years, so military RNs and other military medical assets should be familiar with its use within the 

 combat environment. Most notably, ketamine is indicated as an analgesic in the prehospital care 

 of combat wounded personnel as part of Tactical Combat Casualty Care (U.S. Army CALL, 

 2017). Incorporating this medication into practice at FBCH allows for the translation of 

 efficacious combat medical practices into the hospital setting, and it also provides opportunities 

 for military personnel to obtain meaningful experience using a drug they may likely use in 

 combat and austere environments.  As described in earlier sections, RNs should be familiar with 

 different ways to care for patients in the setting of drug shortages, which are a continuous reality 

 in combat settings where logistics are more difficult than in peacetime environments. 

 Clinical Question 

 In adult postoperative orthopedic patients, how does an evidence-based opioid-sparing 

 multimodal analgesia PACU order set, compared to current PACU orders, affect the quantity of 

 total dose of opioids given, and PACU pain scores at time intervals at 15, 30, and 60 minutes 

 after arrival in the PACU? 

 Literature Review of Solution 

 The search terms focused on the use of ketamine and analgesic medications other than 

 full opioid agonists for post-operative and acute pain. Search results were limited to randomized 

 control trials on adult human subjects that have been published since 2015 in the English 

 language. The search terms used for literature review were: “Postoperative pain control 

 interventions”, “Methadone” and “Pain”, “Subdissociative Dose Ketamine”, “Ketamine 

 Postoperative Period”, “Methadone decrease opioid adverse events”, “Multimodal analgesia 
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 protocol opioid adverse events”,  and “Ketamine and “Acute Pain”. The databases used for 

 literature review were Web of Science, PubMed, and CINAHL. The initial search returned 387 

 results, which were imported into Covidence (Melbourne, Australia) for screening. After 

 removing 142 duplicates, 245 studies remained. These were screened using titles and abstracts 

 for appropriateness to the problem statement, and 224 studies were excluded. The remaining 20 

 studies were reviewed in their full-text forms for suitability, and 7 studies were excluded for an 

 inapplicable study design or setting. A final total of 13 studies were suitable for possible solution 

 synthesis, supporting the postoperative use of nonopioid pharmacologic adjuncts. Six 

 randomized double-blind randomized control trials were found comparing the analgesic efficacy 

 of subdissociative doses of ketamine versus morphine and placebos in perioperative and 

 emergency room settings. One Cochrane review of perioperative ketamine use to treat 

 postoperative pain was included. Four double-blind randomized control trials and one 

 meta-analysis were found focusing on the efficacy of methadone versus morphine 

 administration. A clinical guideline for management of postoperative pain made by the American 

 Pain Society, the American Society of Regional Anesthesia and Pain Medicine, and the 

 American Society of Anesthesiologists’ Committee on Regional Anesthesia also guided solution 

 synthesis. 

 Solutions to Revise Postoperative Opioid Administration Practices 

 General Pharmacological Interventions 

 Current literature supports the use of validated ERAS and multimodal anesthetic 

 interventions. Many of these studies and professional clinical practice guidelines recommend 

 the optimization of preoperative and intraoperative medications as well as the maximization of 
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 neuraxial and local anesthetic techniques  (Beverly et al., 2017; Chou et al., 2016). While 

 relatively little of the available data and recommendations pertain specifically to the 

 postanesthetic period, the evidence commonly supports the use of acetaminophen and 

 non-steroidal anti-inflammatory drugs (NSAIDs) as analgesics (Beverly et al., 2017; Chou et 

 al., 2016). These medications are already available for use in the FBCH PACU if there are no 

 contraindications present in a specific patient’s case. In order to bridge the gap in capability 

 between acetaminophen and NSAID administration and the administration of powerful opioid 

 agonists, we explored the additional use of ketamine and methadone for moderate pain. The 

 literature supports ketamine and methadone as medications with the potential to manage 

 postoperative pain with fewer serious side effects than commonly used opioid agonists (as 

 detailed in the discussion below). 

 Postoperative Methadone Administration 

 Methadone has unique attributes that make it potentially advantageous in the 

 intraoperative and postoperative settings. While methadone is a synthetic opioid agonist, it also 

 acts as an NMDA receptor antagonist and a weak antagonist of serotonin and norepinephrine 

 reuptake activity (Macres et al., 2017). Compared to intraoperative morphine, clinical trials 

 show intraoperative methadone is superior for the prevention of pain in the immediate 

 postoperative phase, and it may lead to less total opioid consumption without increases in side 

 effects (Kendall et al., 2020; Moro et al., 2019). Methadone also has no active metabolites and 

 does not require dose adjustments for renal impairment (Macres et al., 2017; Ferrari et al., 

 2004). However, there are few studies available to support methadone administration as a sole 

 agent for postoperative pain, so it was removed from consideration for this project.  However, if 



 14 

 future studies show its efficacy for acute pain, especially in the setting of chronic pain, 

 preoperative opioid dependence, or pharmacogenomic indications, methadone may prove to be 

 a valuable asset in treating pain and reducing overall opioid use. Additional research is needed. 

 Postoperative Ketamine Administration 

 Randomized control trials and professional recommendations also advocate for the 

 consideration of ketamine to treat postoperative pain. While ketamine has been used to induce 

 general anesthesia for decades, it has analgesic properties that may be advantageous when it is 

 given in sub-anesthetic doses. Ketamine is  a noncompetitive NMDA receptor antagonist that 

 modulates nociception in the central nervous system (Peltoniemi et al., 2016). This action, and 

 others that are less well understood, cause a dissociative state at anesthetic doses and reduce 

 postoperative pain and opiate requirements at subdissociative doses. Ketamine has a 

 hemodynamically stable action and does not cause respiratory depression, hypotension, or 

 bradycardia (Abola et al., 2017; Peltoniemi et al., 2016). Side effects include hallucinations, 

 nausea, light-headedness or dizziness, itching, nystagmus, and tinnitus, but these side effects 

 usually resolve on their own within approximately 6 to 15 minutes when they occur (Beverly et 

 al., 2017; Motov et al., 2015). These attributes are desirable in the PACU, and recent literature 

 supports subdissociative (non-anesthetic) ketamine administration for postsurgical pain 

 management. 

 An intravenous (IV) ketamine dose of 0.3 mg/kg has been found to be equivalent in its 

 analgesic potency to 0.1 mg/kg of IV morphine (Motov et al., 2015). Other studies examining 

 the role of subdissociative intravenous ketamine (SDK) in treating acute pain have found that 

 SDK does not reduce pain scores to the extent that morphine does, but SDK administration still 
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 causes a significant reduction in pain scores and an analgesic effect lasting approximately two 

 hours (Miller et al., 2015). In terms of SDK’s ability to reduce opioid consumption,  a single 

 dose of 0.3 mg/kg of IV ketamine administered over one minute can decrease the total amount 

 of opioids the patient receives postoperatively in the PACU and medical-surgical wards (Sultana 

 et al., 2017; Xu et al., 2019). A recent meta-analysis including the effects of ketamine on pain 

 and morphine equivalents in patients undergoing total hip or knee arthroplasty found that IV 

 ketamine significantly reduces pain during the first eight hours following surgery compared 

 with placebos (Wang et al., 2019). This meta-analysis also reported significantly decreased 

 morphine consumption during the first 48 hours following surgery. Furthermore, this 

 meta-analysis showed that the incidence of nausea and vomiting was significantly lower in the 

 IV ketamine groups than the placebo groups for these arthroplasty patients. 

 A Cochrane review of perioperative IV subdissociative doses ketamine to treat 

 postoperative pain in adults indicated that IV ketamine is most likely beneficial when compared 

 against placebos or other analgesics (Brinck et al, 2018). While it is difficult to control 

 differences in design, dose selected, dose administered, surgical populations, practice settings, 

 and other confounders, this meta-analysis was able to elucidate important findings regarding 

 subdissociative ketamine administration for surgical patients. The review found reductions in 

 the mean differences (MD) of postoperative morphine equivalents administered within the first 

 24 hours (MD: −7.6, 95% CI −8.9 to −6.4) and 48 hours (MD: −12.6, 95% CI −15.1 to −10.2). 

 Using a 0-100 mm visual analogue scale, pain at 24 hours was reduced at rest (MD: −5, 95% CI 

 −6.6 to −3.6) and with movement (MD: -6, 95% CI −11 to −0.5). Similar reductions in pain 

 were observed at 48 hours. Notably, these effects were even greater for patients undergoing 
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 major orthopedic surgery, with reductions in morphine equivalent units of −19.7 (95% CI −28.6 

 to −10.2) and pain reduction of −6 (95% CI −9.9 to −3.0).  Across all included studies, there 

 was a negligible difference between the ketamine and control groups in rates of adverse CNS 

 effects, including the occurrence of hallucination, dizziness, confusion, drowsiness, sedation, 

 nightmares, and visual disturbances, (risk ratio 1.17, 95% CI 0.95 to 1.43). Lastly, postoperative 

 nausea and vomiting were found to be slightly improved with ketamine administration with a 

 risk ratio of 0.88 (95% CI 0.81 to 0.96) compared with controls. Summarily, perioperative 

 subdissociative ketamine administration is both effective and safe in treating postoperative pain. 

 Available evidence has reliably demonstrated ketamine’s efficacy and safety, but 

 variations in the specific timing, patient population, and dose of ketamine for acute and 

 postoperative pain necessitates a conservative combination of these evidence-based approaches. 

 Subdissociative doses of ketamine for postoperative or acute pain found in the literature include 

 IV bolus doses of 0.2 mg/kg over 30 minutes for acute pain (Boenigk et al., 2018) and a 0.1 

 mg/kg bolus dose (Bowers et al., 2017). However, the studies found during the research phase 

 for this project most commonly used an IV ketamine dose of 0.3 mg/kg over 1 minute (Miller et 

 al., 2015; Motov et al., 2015; Wang et al., 2019). Since 0.3 mg/kg was the most prevalent dose, 

 and these studies did not report an increase in severe adverse effects, it served as the preferred 

 basis to treat pain in the PACU. This slow IV push dose also provides an advantage over longer 

 administration times (e.g., 30-minute infusions) since rapidly efficacious interventions for pain 

 are desirable in the PACU. 
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 The Addition of IV Ketamine to the FBCH PACU Order Set 

 A framework to administer intravenous (IV) ketamine doses of up to 0.3 mg/kg to treat 

 moderate pain in the PACU was developed. Using the conventional 0-10 numeric rating scale 

 (NRS) already commonly used in the PACU, IV acetaminophen and ketorolac remained 

 available (if appropriate) for mild pain (1-3/10 on NRS), ketamine was available for moderate 

 pain (4-6/10 on NRS), and morphine, hydromorphone, and fentanyl remained available for 

 severe pain (7-10/10 on NRS). Medications indicated for higher pain scores were available for 

 lower pain scores if the specified medications were contraindicated. Opioids were therefore no 

 no longer available as first-line considerations for low pain. 

 Focus Areas 

 We engaged multiple stakeholders and departments throughout FBCH to implement this 

 project. This included anesthesia leadership, PACU leadership, PACU registered nurses (RNs), 

 the pharmacy, orthopedic surgeons, and the Virginia Board of Nursing. While the Virginia Board 

 of Nursing does not prohibit RNs from administering intravenous ketamine, FBCH policy only 

 allows RNs to administer ketamine in anesthetic doses under the direct supervision of a 

 physician to support rapid sequence induction (RSI) for intubation in the intensive care unit 

 (ICU) and emergency department (ED). We decided to focus primarily on demonstrating the 

 viability of SDK administration for pain in the PACU before potentially considering a change to 

 policy following the completion of the project. This evidence-based quality improvement project 

 obtained internal review board (IRB) exemption. 
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 Organizing Framework 

 We chose the Johns Hopkins Nursing Evidence-based Practice (JHNEBP) Model to guide 

 this EBP project because it provides a practical guide for implementing new nursing 

 interventions from established evidence. The core idea of this model is the “PET” process. This 

 acronym stands for Practice questions, Evidence, and Translation. The practice question stage 

 focuses on refining the question for the project and establishing responsibilities for the team. The 

 evidence stage comprises gathering and appraising evidence to provide strong recommendations 

 for solutions to the problem. Lastly, the translation stage involves using the recommendations 

 and creating a clear plan to create a new practice of care. 

 The JHNEBP model provides succinct steps for the goal of establishing the use of 

 subdissociative doses of ketamine in the post anesthesia care unit. The team can evolve or 

 change the recommendations based on the internal factors such as work culture or external 

 factors such as accreditation, quality measures, and standards. It allows the team to reassess the 

 “PET” process at any point when new factors or situations arise that may alter the 

 recommendations for new practice (Dang & Dearholt, 2018). The JHNEBP model is not a linear 

 process, but a dynamic one that is able to adapt to unforeseen circumstances and the publication 

 of new research that may occur during this project. 

 Project Design 

 Setting and Population 

 This combined process improvement and educational intervention took place at Fort 

 Belvoir Community Hospital, a military healthcare medical treatment facility in the eastern 

 United States. It has an inpatient capacity of approximately 120 beds and provides care to over 
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 20,000 beneficiaries, completing over 600,000 patient encounters per year. The hospital 

 completes approximately 11,000 surgeries annually. 

 Interventional Process and Education 

 This project selected a population of adult orthopedic patients experiencing pain  >  4/10 on 

 the NRS.  Eligible patients were given 0.3 mg/kg of  IV ketamine once each in the PACU. 

 Anesthesia providers evaluated the appropriateness of the intervention for each individual 

 patient. While the responsible anesthesia providers had the option to administer additional 

 ketamine, this did not occur during the project.  For  each patient, the total doses of opioids given 

 and PACU pain scores at time intervals of 15, 30, and 60 minutes after arrival in the PACU were 

 recorded. To compare the effectiveness of the addition of SDK to standard PACU orders, data 

 were collected on 30 adult orthopedic patients preceding the implementation of the SDK order. 

 PACU nurses received an educational brief consisting of an oral presentation supported 

 by PowerPoint (Microsoft Corporation, Redmond, WA). This presentation focused on the 

 practical aspects of administering SDK, including dosing, pharmacokinetic and 

 pharmacodynamic implications, and potential adverse reactions. PACU nurses were given the 

 opportunity to raise any questions or concerns they may have had during the presentation, and 

 additional copies of the PowerPoint presentation were provided to the PACU. Continuing an 

 established practice, an anesthesia provider provided medical coverage to the PACU and was 

 readily available if there were any additional questions about ketamine administration or 

 concerns about its effects when patients received SDK. 

-
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 HIPAA Concerns and Considerations 

 This project had two independent groups of patients on whom data was collected from an 

 electronic medical record. We did not directly collect protected health information (PHI). In 

 recording opioid doses and pain scores for each patient, we utilized DoD ID numbers, which 

 were then translated into participant numbers (1 through 60) to de-identify each patient. We 

 stored the data electronically using encrypted files that could only be accessed using computers 

 on-site at FBCH that required unique common access cards and personal identification numbers 

 to access. 

 Project Results 

 Univariate and bivariate analyses were performed using STATA version 15 (StataCorp, 

 College Station, TX). Two groups of patients in the post-anesthesia care unit (PACU) were 

 compared on indicators of pain and opioid use. The first group consisted of patients under 

 standard protocol and the second group consisted of patients under subdissociative ketamine 

 (SDK) protocol. Differences in pain scores between 15 minutes and baseline, 30 minutes and 

 baseline as well as 60 minutes and baseline were compared between the two groups using 

 independent samples-tests and Wilcoxon’s rank sum tests. Assuming α=0.05, the difference in 

 pain scores between follow-up and baseline times (15 minutes, 30 minutes, 60 minutes) did not 

 differ significantly between the two groups based on either independent samples-tests and 

 Wilcoxon’s rank sum tests. Furthermore, we generated dichotomous variables for use of each 

 type of opioid (fentanyl, oxycodone, hydromorphone, morphine) irrespective of dosage. 

 Assuming α=0.05, cross-tabulation of each of these indicators of opioid use against group status 

 revealed no significant differences among the two groups in the proportion using oxycodone, 
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 hydromorphone, or morphine based on Chi-square tests. By contrast, a significantly lower 

 proportion of patients under the subdissociative ketamine protocol versus patients under the 

 standard protocol used fentanyl (20 vs. 27 patients,  p  =0.03). Finally, when examining the dosage 

 of distinct opioid medications by group using either independent samples t-test or Wilcoxon’s 

 rank sum test and assuming α=0.05, the two groups differed in terms of hydromorphone dosage 

 (mean difference of 0.33 mg,  p  =0.02), but not in terms  of fentanyl or oxycodone dosage. 

 Analysis of the Results 

 This quality improvement project achieved a slight decrease in opioid administration in 

 the PACU without affecting pain scores. We had hoped to show some reduction in pain scores 

 utilizing ketamine as a supplement to preexisting PACU practices, but we were unable to achieve 

 that reduction using a one-time dose of 0.3mg/kg of ketamine. While pain scores did not improve 

 with the addition of SDK, pain scores were not worsened, with an ultimate result of 

 noninferiority (statistical insignificance) regarding analgesic benefit. 

 In terms of reducing opioid use, adding SDK did produce statistically significant 

 reductions in the total number of patients requiring fentanyl and also a decrease in the average 

 quantity of hydromorphone administered to each patient. Interestingly, though, there were no 

 differences in the number of patients who received hydromorphone or the average dose of 

 fentanyl administered to patients. There were no differences in measured use of oxycodone in 

 either group, which is an expected finding since oxycodone is often used to transition patients to 

 oral analgesic medications to control pain prior to PACU discharge.  Therefore, while there were 

 statistically significant decreases in measurements of opioid administration without any increases 

 in these measurements, the inconsistency in these measurements comparing number of patients 
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 receiving a medication and the averages received for that same medication suggests a small 

 effect size. 

 There are limitations in the implementation and evaluation of SDK for postoperative pain 

 as part of this quality improvement project. Differences in anesthesia practice, nursing practice, 

 and the timing of ketamine administration likely influenced the measured outcomes of interest. 

 Variance in anesthetic administration, including differences in the use of peripheral nerve blocks 

 and other systemic analgesics, were not observed or recorded. PACU nurses may have similarly 

 administered other analgesic medications differently, with variable preferences for drug 

 selection, dosing, and timing. Variability in the timing of ketamine administration in relation to 

 the timing of a patient’s arrival in PACU presumably affected pain scores. Similarly, patients are 

 commonly sedated on arrival to the PACU, with considerable inconsistency among patients in 

 terms of how long it takes for mental status to recover enough after surgery to allow for the use 

 of the 0-10 NRS to assess pain. Lastly, any patient’s response to ketamine depends on surgical 

 factors, comorbidities (such as chronic pain), and even possible pharmacogenomic factors, which 

 were not addressed in the scope of this project. 

 Organizational Impact / Implications to Practice & Policy 

 This quality improvement project demonstrated that subdissociative ketamine should be 

 considered as a possible option to treat postoperative pain in patients whom it is appropriate 

 based on the clinical judgment of licensed personnel caring for the patients. SDK was utilized to 

 achieve a small opioid-sparing effect without negatively impacting pain control, and 

 considering its affordability, it can serve as a cost-effective adjunct in the future. 
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 In the State of Virginia, RNs are permitted to administer ketamine with proper training 

 and within the scope of practice described by their employers. Indeed, at the time of this 

 writing, ketamine may be administered by PACU RNs in another military treatment facility in 

 Virginia. Fort Belvoir Community Hospital may find that it would similarly benefit from 

 expanding current medication administration policies to allow ketamine to be administered by 

 RNs. Furthermore, since drug shortages seem to occasionally and unpredictably impact the 

 medications that may be available to care for patients, nurses should have experience with 

 alternative analgesic techniques in case a need to spare opioids due to a paucity of supply is 

 identified in the future. 

 Future Directions for Research and Practice 

 Future practice should focus on empowering RNs to safely administer SDK within their 

 scope of practice, as mentioned previously. To facilitate this, the pharmacy could support this 

 effort by supplying the hospital with pre-filled syringes of ketamine, preferably 5 mL syringes 

 with a concentration of 10mg/ mL (50 mg/ 5 mL syringes). This concentration, provided by the 

 pharmacy, would allow PACU and anesthesia staff to safely administer ketamine without the 

 need for bedside compounding and the handling of anesthetic-range concentrations of the 

 medication. While this has not been examined or confirmed by the research, 5 mL of ketamine 

 in 10 mg/ mL concentration may very well carry less risk of negative sequelae in the event of a 

 medication error than the fentanyl currently available at FBCH in 50 mcg/ mL concentration. 

 Stated differently, 50 mg of ketamine may carry less associated risk for patients in PACU than 

 100 mcg or 250 mcg of fentanyl. 
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 Future utilization of ketamine in the PACU would benefit immensely from an expanded 

 body of research related to its use. Ketamine was originally developed as an anesthetic 

 medication and not as an analgesic. Consequently, the available evidence regarding its 

 pharmacokinetics and pharmacodynamics relate to anesthesia and not analgesia. There is a need 

 for additional research to determine the most efficacious way to administer ketamine for 

 analgesic purposes and the patients for whom it would have the most benefit. While 

 perioperative ketamine has been supported by the literature, the analgesic doses, duration (bolus 

 vs. infusion), and implementation strategies should be delineated more clearly. Further 

 delineation of ketamine’s dose-response relationships for analgesia, side effects, and upper 

 limits are warranted. In terms of achieving desirable postoperative outcomes, it is not known if 

 intraoperative administration, postoperative administration, or some combination thereof 

 provide the best results. While current research shows that perioperative ketamine has the most 

 benefit for adult orthopedic patients, additional research is needed to determine its efficacy 

 across a variety of patient populations. For orthopedic patients specifically, it is desirable to 

 learn for which indications ketamine may be most useful as an analgesic. SDK may be more 

 useful for certain procedures or when available peripheral nerve block techniques do not 

 provide adequate regional pain control. Lastly, future research should look beyond ketamine’s 

 opioid-sparing effects and determine if its administration directly achieves the desirable 

 outcomes associated with opioid-sparing techniques. The reduction in perioperative opioid use 

 itself is a proxy for more important outcomes, including reductions in respiratory depression, 

 decreased nausea and vomiting, decreased adverse events, and improved patient satisfaction. 
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 Future research should more specifically evaluate ketamine’s role in achieving these outcomes 

 directly. 

 This project was initiated with ideas originating within the current trend of  ERAS 

 protocols. The original ERAS framework did not focus on specific outcomes or interventions 

 but instead focused on communication among stakeholders. This communication was the key to 

 improving outcomes– forming committees to formally evaluate and discuss how all care 

 environments in the perioperative and intraoperative environments interact to impact surgical 

 outcomes. Teams of doctors, nurses, and other allied health professions from the preoperative 

 period through postoperative discharge phases of care meet to learn how they impact on another 

 and how they can work together to maximize patient outcomes. While our SDK project did 

 show an opioid-sparing benefit, SDK should not be seen as an independent and disconnected 

 intervention; ERAS committees should be established for the various surgical specialties at 

 FBCH. 

 Conclusion 

 This quality improvement project reviewed available scientific literature to search for 

 interventions that could be implemented to improve opioid-sparing practices in the PACU at 

 FBCH. We utilized the J  ohns Hopkins Nursing Evidence-based  Practice Model to guide our 

 literature search and implement our practice intervention.  Intravenous administration of a single 

 bolus of subdissociative ketamine, dosed as 0.3 mg/ kg, was selected to be administered in the 

 PACU. Since the literature showed ketamine has the most benefit in adult orthopedic patients, we 

 chose that population to analyze the efficacy of our intervention. Thirty patients received the 

 intervention and were compared against 30 preceding patients meeting the same criteria who had 
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 not received the intervention. Ultimately, a small opioid-sparing effect was achieved without 

 sacrificing pain control. 

 We recommend modification of FBCH policy to allow trained PACU RNs to 

 independently administer ketamine without the direct supervision of a licensed independent 

 practitioner (LIP) when an LIP writes appropriate orders for a PACU patient. This would be 

 facilitated by the pharmacy providing ketamine in 50 mg/ 5 mL syringes. Further research is 

 needed to determine the most efficacious ways to utilize ketamine as an analgesic, adding to the 

 body of evidence describing ketamine as an anesthetic. While we demonstrated ketamine’s 

 ability to achieve a small opioid-sparing effect at FBCH, future projects may use future research 

 to optimize ketamine’s effectiveness to achieve direct and easily measurable effects on 

 postsurgical safety and patient outcomes. These future advances in safety and quality of care, 

 using SDK as well as other evidence-based interventions, would best be achieved using ERAS 

 committees within FBCH. Since improvement in medical practices, addressing the question in 

 this project or others, requires ongoing analyses of available scientific literature, these ERAS 

 committees are the optimal way to develop and utilize these strategies. Moving forward, ERAS 

 committees at FBCH may find ways to improve upon our implementation of SDK or to find 

 other ways to optimize the care delivered at FBCH. 
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\·a\ldi1y) coulrollnl lhre;,ts 10 loul (Srr·1•11glh :om\ Qualit~·) 
l11IH11al/t>xlrru:ol rnlitlll~·) 

Pain level (O-tO) (INl[RVI\I.), !'he study was initi;,Uy 1>0wercd Sixty-Hueesubjects wc,e ,andomizcd 10 Patients received initial p,ovider-de\ermined "!his s1udy was conducted in a 

satisraction with pain cont,ol (0-4) for an.ilvsis using two-sided the placebo 111oup and 53 to the treatment for their painlul condition (rccOfdcd busy ED in the seneral patient 

(ORDINAL),sidec-ffccts 
(NOMINAi.), sed,1tion level 

(INIUNAt), .ind need frn 

independent sample t tc-sts, ketaminc-eroup. No significant as "lrntial dose~) befrne the Informed consc-nt 

lf'IJUi1ing ,1 randomized sam11lf' ditle1cr1Ce\ were foond iu demoguphir.s p!OCP~S toensu1e that t1p;itment w,1s not 

siw of 110 to provide 80% between the g,oups. P.itients receiving delayed, f>.iticnts were re.isscssed ;dte, 15 

populahon, without special 
comtitions,loc;itions,or prnvitlPrs 

frnstudyp.itients lhecohort 
,1dd1tional pain medication power to detect, independently ket.1m111e reported lower pain scores minutes and if, .1fte1 the imtial dose of ir1Cludes subjects with chrnnic 

(Rl\llO). Total opioid dose a difference of I.Son the NUS- over l20 rninules th.in patients analgesia, the patient 1eported pain ;i_ 6/10 11ain and long-te,m outpatient 

(RATIO), includine the initial dose>, 11 scale and/or a difference> of receiving placc-00 (p 0.015). Total Informed conse>nt was obtained, .is wc-U as an opioid use>, .is wc-11 as p;Jlients 
was comp;ired Of'lween 11roups 0.5 on the II point I ikert scale. opioid dose was lower in (he ket;1111i11e initial NRS 11 sco1e (TO), and a study numbP1 with nf'w onset acutr p;iin; it is 

Study l'lll'J)OS('fAitm 

I 

llowcvec, the d.it.i collected g1oup (mean Oso = 9.9~ 04,83 mg) was assigneU. [.ich study number was possible that the frnrne, p.atient 

we,e ullimatetv more suited to compared lo placebo {mean O SD correlated wilh a syringe containina study drug JIOpulatmn may ,eact quite 
rep-eated 111e.1sur-es analysis. 12.81 06.81 rng; p = 0.02). 5.itist.ic1ion (ketamine o, norm.ii saline), lhe identity of diflerently to the atJju11c1ive 

!he power analysis was did not differ bclw<'en groups. Fewer whrch was known only to pharmacy staff not kc-tamme usage than th.> latter. 
rf'peated, ,llld a r;111domi1ed patients in the ket,m1ine grot1p required particip.1111111 in fD hrd\ide c.irP. 

sample Sile of 88 (44 e.ich a1n1) .idditional 011ioid doses 

provided 80% powe1 fo1 .i 
rep,e.ated measure~ ar1:ilvsis 

\vilh a compound symmetry 
cov.1riancestructure. The 

R('S('af("h I 
Q111•~liouslH~·11olhews 

S111t1~· Dl'sign 

I 

TotalSamplf'Slll 

I 

llw rnvironrnent of the fD allows 

frn less1»t-cisecont1olofce1tain 
otherva,iables,suchastimingof 

medicatiOn administratirn1 and 

spcuficop1oidsprescribcd,which 

mayhaveaneffecton 
...... , ; .. 

Sam11llngPlan 

Ill 

I 

lUd('J)('IH\('llf Variabl('S 

To compare the maximum ch.lnge Hvpothesized that ketamine rrosopcctive, randomized, cont1olled, Initial N 45. Final N 45. Morphine N 21; sample of convenience of ED l(etamine O.lmlJ/ks TBW (max 25mg) or 
ir1 num,eric rating scale (NRS) 11ain would p1ovide a g1e,11er clouhle-hlinded superiori1y trial l(e1amine N-24 11atients utili1ed. Prospf'C.tive mor11hine O. lmg/kg TBW (m:iximum 811111)-A 

sco,es, in patients receiving low- maximum re<luction in pain com11.i1ing the effic.icvof IV low-dose 
dose ket,1mme (I.OK) or morphine compared with morphine ~etJmine to IV n101ph1ne for moder.1te 

(MOll)1oracutcl)aininlhe toseve1eacute1iaininthc[Oseuing. 

eme,gency department. rile studv was conducted in a milita,y, 
level I trauma center ED IBAMCI where 

a11pruximately 80,000 [I) p;Jtients arc 

treate<lannually. ED110pulationis 
a1111roxima1e1v 700I. uniformed mili(;uy 

and80%civilians. 

Dt>llf'lld\'nt Vari:il.>l\'s 

I I 
Prim:iry: Maximum change on Ille Repeated measure~ linear Prirnary. Maximum NRS 11.1in score 

participants we,e screened for second do$e (a 1epe.it of the first) could be 

enrollment from FEB 12 MAR13. given JS ea riv as 20 minutes after c0111pletion 
Inclusion; 18-59V1S; complaint or or the initial UOse. llAllO. 

abdominal, fl.ink, low back, or 
extremity11.1inthattheED 

111ovide1 felt wanentt-d IV 011ioid 

treatment. Exclucledfo1 
hernodyr1:irnicinstahili1v.:11te1ed 

mentalstatus,intoxication, 
spedlicchronicp;iincond1tions, 

presnant/breast 1ee<lins,se,ious 
ordiacfl)Ulm/CSNdisease, 

extremesofweiBhl,andacute 

ocula1/headlr,1um.1 

I 
Stn11g1h~ (hc,w prouml\'(I i11trru~J/('xtrnml I \\'\':okness~~ (bi:ises: 11001.·J~• I LEVEi. OF t'.VJUENCE u~iug .lll:'>EUI' I 

rnlidit~·) ro111roll('d 11Ir('ats lo lool (Slnnglh aucl Q11:11i1,·) 
inlrrnalfull'rn:il,':!lidi1,·) 

ProsoJ\eClive, randomi1e11, controlled, double 7-S'Xot ketamine 11roup 11atie11ts 1B 

verbal Numeric Hating System model. P1imary DV analv(cd as change was 4.9 for ketamine {95%CI 5.8- blinded S\1p('1io11ty tiial. Lvaluatcd analgesic did not complete the entire 120 
(NRS) pain SC.lie compared with "two sided tesr. Mean ,md SD 4) and 5 fOf morphme (95%0 6.6 3.5) effects while .ilso monilormg for adve,se minutes of dJtJ collection 

baseline irmnediately 111io, to the also re110r1ed 1or lhe time Nosigoificaot ditrerer1Ces in cares or reactions 111a1 could Ile ot clinicatconcern 

adminislr at ion of the drug. intervals described [No adminisllation of second dose. RA.SS: 
Follmvmg administration, NRS st,1tistical differences; test nost,1listiullysignificantdifferences 

documented at S, 10, 20, aud tt,en ,mknuwnl. RASS: oescriptive .:et;unine OP signilicantly higher th.in 
evc,y 20 minutes thereafter until statistics. No s1gmllcance morphine Br al 5 and 10 rrnnutcs 

120 minu1es. ORDINAi. !'epo,ted. 8100(1 Pressure 1ollowing administration. Adverse 

Secondary: Richn10nd agitation- Pre>sumably I-test. Adverse events: Morphine- 12 total adverse 
sedalton scale. ORDINAi.. events reported nomin.i!ly, events. 02 deXJturation to 88%x1, 

.Scwndary: Vital signs. incidence ot adw,se events n;iusea x;o, vomi1ing xi. Piuritus x1. 

INlERVAl/RAIIO. Sl.'cond.iry: 1·el)Ofted as descriptive Ket.iminc--14 total advc1sc events. 
Adverse events. Noniinal statistics. Repeat dosing: Chi Nau<;ea xl, vomiting .d, hJltucinations 

Secondary: Nt'CU for re11Cal squa,e and I ishc,'s ex<:1ct. x). Neither rnidatol<1m or na,can were 

dosms. NOMINAL. Secondary: Provider/nurse satisfaction ncedcd. Provider satisfaction (L1ekert) -
P1ovi<le1/nu,sesatislaclionwith score: Desc1ip1ive 

studv medic.ition as sco,ed by 
Lickert scale. OROINAL. 

Ke1amine: mean I\ (IQRJ.s}. Morphine: 

mean 4 (IQR4-~). Nurse-- Kelamine: 
4(1QR 3 5). Morphine; 5(1QR4 5) Low 

doseketaminenotsupe,io, to 

(inade<1uatep;iincon11010, 

request for 3rd dose of study 
drug).Singlecenterstudy 

Co11ductedinmilitaryfacilitv, 

poss1blyllmitingextemalval1dity. 
Srnalls.1mplesi2e. Tllcanalgesie 
doseofketa,nineisnot 

st.1ndardizcd. RASS has 110! been 

v;,lidated tor use in 1he ro. No 

I011g-termfollow-updata. 
Patientswithchronic11ainwel'e 

excluded. 
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Smd~·Purpo.,.,/Aim, 

I 
Rr,carch I 

Qu,.,11011.JH~1101h,.,,., I 
To1alSampl,.Sb .. 

I 
Sampli11; Plan 

I 
A single low-dose administra1ion There were no significant Randomised, double-blind, ph,cebo- 100 patienu were randomised into the SCTI'ING: Single-center, tertiary lype of pain managemen1 strategy: 

of ketamine after bariatric surgery differences in visual analOl!ue controlled sludyto compare a single ketamioe and saline g,oups, 8 patients hospital. Post-anesthesia care l.lnt,avenous Ketamioe 0.4mg/kg-> 

can improve pain and mood scores pain scores between groups subanocsthetic doseol •ctamine withdrew consent before intravenous unit, INClU5lON: Eoglish speaking NOMINAUCATEGORICLAL 2.. Placebo of0.9% 

in the immediate postoperative {group-by-time interaction) (0.4mg/\:g) with a nonnal saline placebo administra1ion and 7. pa1ien1s experienced palients between the ages of 18 Normal Saline-> NOMINAI/CATrGORICAI 

period. P-0.966; marginal group eflect in the postanae,the,ia care unit after surgical complications and were eia::luded. Final &nd 65 years who were DESCRIPTIVES: Ase (CONTINUOUS/RA"IJO), 

I 

P=0.137. Howeve,, sc01es on laparoscopic gastric bypass and anal~is includes90 patienls unde11:1oin11 lapa,oscopic 11astric Gendt-r (NOMINAUCATEGORICAL), Race 

the affective scale of SF--MPQ gastrectomy bypass or ~leeve gastreclomy. (NOMINAUCATEGORICALJ, Height (RATIO), 

(~ondaryoutcome) 

slgnilicantlydeCfeasedinthe 
ketam;negroupasearlyas 

postoperativeday(POD)2. 

[meandifference•2:.2:(95% 
bootstr.,pCl ·2.9to l.6), 

Bonfeuoni adjusted P<0.001), 

compared with placeOO group 

inwhi<:hthescoresdecreased 

onlybyP007.Scoresonthe 

totalscaleofSF-MPQforthe 

kefam;negroupwcresmaller 

compared with the placebo 

f!IOUp(PY.0.031'). 

I 

[XCLUSION:txclusion criteria Weight (RAJ'IO) ASA S,;ore 

included American Societyol (NOMINAL/CATEGORICAL), Hx of Depression 

Anestlie\iotogists physical status (NOMINAi/CATEGORiCAL), Hx of duonic Pain 

greater than IU, COl!nitive (NOMINAL) 

impairment,pastkernmine 

misuseO<"ahuse,schizophrenia, 

useofanlipsychoticdrugs,known 

sensiti~ityorallcrgytokctaminc, 

useolmedir;ationthat interferes 

withlhehep&ticmetaboli,mand 

renalclearanceofketamine,anda 

historyof,;;hc$tpain,cardiac 

arrhythmia,stroke,hc,idrr;wma, 

orintracranialmassor 

I Stnu:,:.•h~ (ho"· promo,.,d i111.,1·nalt.,,.-1...-11al I W~:,kuu~H (liia~.,,: pood~- I LEVEL ot· E\'IJ)E."CE ~ miu:,:. JIINEIH' I 
,·alidit~·) rontn,llf.'d 1hn;1h to tool (Stnn:,:.th ~ml Quali•~·) 

iutern~liul~l'lml ,·11lidi1~·) 

Visual Analog Scale for Pain A SD (3) in all the repeated There were no significant differences in Adhered to the inclusion prntocol and excluded Power analysis was based on tlie 1B 
(ORDINAL), Short form McGill measurements and as!;llming a viwal analogue pain scores bctweeo patients appropriately. Decreased confounding effect of continuous infusion of 

Questionnaire IOI" pain (ORDINAL), correlation between 1hem of groups (group by time interaction variables by selecting a a precision inclusion dexmedetomidine on VAS scores 

Montgomef"\l•Asher11 Depression 0.8, 41 patienu per arm were P=0.966; mnrginal group effect criterii\. Used different scales to measures, pain, !Of" bariatric surgery. Lack of 

Xale (ORDINAL), Beck Depression needed to detect a between- P-0.137). However, sc0<es on the attitudes, and mood and use the appropriate impact of ketami1ie on the VAS 

Inventory (ORDINAL) group difference of al least two affective scale of SF MPQ (secondary s1a1is1ical analyses for documenting the results. sr;ores may be due to the lower 

Stmlr Pnqios~/Aims 

I 

poin!S in the postoperative VAS outcome) significantly decrea!>ed in the than expe<;ted ba$<!line 
scO<"e with a power of 0.8 &nd ketamine group as early as postoperati,.,.. pain score,. Similar 

an a level of 0.OS. Personal and postope,-ative day (POD) 2 !mean limitation is due to the MAORS 

intra-ope,ative dala between difference.,·2.2 (95% boots!f'ap Cl -2.9 

gr0(1ps were analysed using to 1.6), Bonferroni adjus1ed P<0.0011, 

Student'sttest0<Wilcol<Of1 comparedwilhplacebog1oupinwhich 

rank test, based on the results the scores decreased only by POD 7. 

of the Shapiro-Wilk test. A x2 Scores on the total scale of Sf MPQ for 

andrisher'seKacttes1for 1heke1aminegroupweresmaller 
inferences on proportions. compared with the pl11eebo group 

(P-0.034). 

I 
Tol:11 Sarn11Tf.' Siz~ 

and BDI scores due to lowe, than 

expected base-line levels. The 

postoperative care at the 

institution(receivingaPCApost 

op) may have contributed 10 the 

lackoldifferenceinthehospital 

stayandthedaiJyusitf!eof 

opioidsaftersurgery 

I 
s~m11ling l'Lm 

I 
lml~JK'llll~nl \'ariahlh 

nie aims of ou, study were to 

examine whethe1 po~topcrative 

ketamine infusion would reduce 

We hypoltiesised 111at low-dose Pmspective randomised placebo 

kelamine infusion afte1 rnajo, conlrollcd lri.il 

spinal surge1y reduces opioid 

to. total ol 2-19 patients were assessed for 

eligilii1ity from November 2012 to Novernbct c.irc ho~pilal, Nove111bc1 2012 

.l01". Of these, 12.9 p.itients were pr05pectively until November 201". INCUSION 

Patientsin1heketaminegroups,eceive<la 

ket.iminc infusion (bolus o 2rng/kg 1 ovc, 30 

min followed by 0.12.mg/kg I h 1 lo, 21' h), 

postoperative hydromorphone re<1u1rements in opioid tolerant allocated randomly to g1oups, but only 1n: Patients aged IC.to 75, ASA Patients in the placebo groups 1ece1ved o.9')(, 

consumption in opioid-lolernnt pa1ier11s. but not in 011ioid- received the intended s1udy intervenlion. physical status 110 3, scheduled sali11e. 

lorclectivelumharfusionsmge,y 

attwoOf"morelevelsunder 

paticnh to a gr('ater d('grt'C than na,-vcpaticnts. 

itd1dinopioid nalvep.1t1ents, 

and wtiether ketamine would 

improv(' pain control in 

opioidtoler,111t p.:itientstoa 

diffcrcn\dcg11 .. >elhanino11ioid-

nai"vep.at1cnts. 

Dt'llfntlenlVarlahlM 

I I 

gene1al anaesthesia. (XCLUSION 

poorlvcontrolll'd hypertension, 

severec,udi,1c 

oi pulmonary disease.elevated 

intraocula11>ressure, 

severehepalicorrenal 

dysfunction,pregnancy, a history 

ofpsych1atrkchsor1tcr,mability 

tospeak[nglish,inahilily 

tounderstandthenurnc1icalp.iin 

sr;aleOf"tooperate 

I 
Slr.,ngth.~ (how 111·umored inlt-nrnl/fXlf.'rnal I \Veal.:11hWS (bi ash; poorl,- 11_.EVEL CW lXIDE:'\"CE- 11.,i11g ,m;q:HP I 

,·alidit~•) rontrol.lNI thrtal!i 10 tool (Stnuglb and Qualily) 
i11lt'r11:il/txlnm1l,·:•lidil~-) 

fleduced opioid ,equirements in We 1es1ett n01n-i.ality using the Postoperative hydrouiorphone nec,uiting hom a relatively ho1nogeneous Opioid-n;u"ve 1latients more 1B 

opioid-tole1anl patients. Shapi10 Wilk test and Q Q consumption was significanlly reduced surgical population and using a standardised frcquentlywe,e younge, and did 

INTERVAL/RATIO plots Continuous data were in the opioid tolerant ketamine group, anatg~ir; protocol. We chose oot to use 001 suffer from chronic; pain 

cornpa,ed usmgone-way compared with 11,e opio,d-tolcr,mt kctamine int,aoperalively as we I eared that i1 because tht..-y 111esenkd !or 

analysis ol variance (ANOVA) or 1>laccbo group I0.007 (95% Cl 0.006 to would lead to verydiffe,ent doses of intra- surgc1y for scoliosis conection, 

the Krus•al-Wallis H test, as 0.0011) versus 0.011 (9S%CI 0.010 to operative opioicls used. and tllUs mud<tle t!le while the opioid tolerant patients 

<1p111opriate. lhc x2 tesl and O.Oll)mg/kg, Bon[erroni cor,ected resulL had olleo suHe,L-d fro111 chronic 

Fisher's exact test were used 1'<0.001]. ·111ere was no difference 1n back pain with concomitant 

Im inte,ences on 1no1>0rtions. hv<liomoq>hone use between the opioid psychological ettects and 

to. linear mixed mOOcl was used n.11 .. ve groups (0.004 .1nd o.OO~mg/kg in 

to analyse the effect of the opioid- n<1,-ve kelarnine <1nd 1:ilaccOO 

kelamme 011 cumulative group, respectiwly, P 0.111!). Pam 

hydron101pl1one consum1ition SCOies did not /lift.:, sigr,ifican11y 

OVC'I time bctwt'Cn groups, to between the opioid-tolerant ketaminc 

accommodate .1n unhal.mced group and the opioid natve groups 

design (unequal numbec of lhe,e was no significant d1tlerence in 

subject pc, group), and missing sidc effects among groups 

expectations of pain medication. 

A11othe1 shortcoming of the study 

iswed1dnotp1eciselyqu.1ntify 

Ille amount of pre-01){:1a1ive 

opioid mcdicaliontakcnbythe 

pat1ents,soweareun,1bleto 

r;onlirmloftus'andNielsen's 

obse,vations that the benefit of 
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S1odrPurpost'/Aim~ 

I 

To1alSampltSlzt" 

I 

S:unpliug Plan 

I 

To assess and compa,e the A subdissodative dose of Prospective, 1;;indomiled, doul,le-blind 130 patients we,e screened initially. 40 p;;itients SETTING: 711-bt'd community Patient ,eceived 0,3 111g/kgof Ketamine or 0.1 

analgesic efficacy and safety of ketamine administe,ed as a t,ial comparing the safety and efficacy we,e etduded based on requesting morphine teaching hospital. Convience mg/kg of morphine in a lClml normal saline 
subdissociative intravenous-dose single agenl at 0.3 mg/kg will of subdissociative intravenous dose only, refusing to participate in the study, .sampling INUUSION:patients s.olution 10 treat according to the 
ketaminewithmorphinein 
emergency depa,tmer'll {ED) 
patients 

provide relief similar to that of ketamine with intravenous morphine for undisclosed reasons, and requesting kctan1ine 
astandarddoseofmorphineat acutcpaininthcED. 

O.lmg/kgforacutcmodcrMc 
toseverepaininthe ED 

setting. 

on1y.Thefinalamountofpatientscnrolledin 
thestudywas'Xlpaticnts 

aged 18to55yearswho 

prescntedtothcEDwithacutc 
abdomiMl,flank,back,or 
mus.culoskelctalpainscoreof5or 

more on a mrnd11rd 11-point (Oto 

lO)numeric111lingscalea11d 
reciuiredopioidanalgesia 
EKCLUSION:p1egna11cy,breast­

feeding,alte1edmentalslatus, 
allergy to morphine or letamint>, 

weightlessthan<\6k4lorgreate, 
than1151<,s,unstablevitalsigns 
(systolic blood pressure <90 or 
;,,180 mm Hg, pulse rate <SO or 
;>150beats/min,andrespiration 

rate<tOor>JObreaths/min),and 

medical his1ory of acute ~ad or 
eyeinjury,seizure,intracrnnial 
hypertension,chronicpain,renal 
orhepa1icinsufliciency,alcoholor 
drug abuse, psychiauic illnt>ss, or 

recent(<\hoursbefo,e)opioid 

predetermined randomization list with block 
randomization every 10 participa11ts up to 90. 

NOMINAL 

I I 
Rtiults 

I 
S1re11i;1bs (ho" promoted iukrual/t1-1l"rm,l I \\'eakliuses (biast"s: 11001'1~· I LI:\'EL Of EVIDEi\'CE uslni: HIXEBP I 

n1lidit~) c-v11h'Olll"d llireah to tool (S1rtu:_:tl1 aud Qu~lil~) 
iutt'rrn,llf'i.:lerrn,lrnliditr) 

Numerical Rating Scale for Pain Data analyses included The prima1y change in mean pam scores Randomized control trial that ensured the This was a single-center study in 18 
(ORDINAL), Complete Resolution frequency distributions, paired was not signilicctntlvdilfe,ent in the reser<tChers and the !iubjeds we,e blinded by which patients Wf!re emolled as a 
of pain% {NOMINAL), Reduction I test to assess a dilference in ketamine .tnd morphine g1oups: 8.6 proper protocols making it unable to conveniencesampleitCcordingto 
of of pain acco,ding to NRS % pain scores within each group, versus 8.5 at baseline (mectn diflerence dete,minethe inte,ventions from each other. predetermined inclusion and 
(NOMINAL), Fentanvl rescue and independent-sample t test 0.1; 95%confi!H'nce interval-0.46 to The prep,11ing phaunacist, re~earch manager, exclusion crite,ia. Sample size was 
incidt>nceo/o(NOMINAL), Adverse to assess differences in pain 0.77) and 4.1 ve,sus 3.9 at 30 minutes and statistician Wf!fe the only people who knew ne11r minimum for adequate 

Effects (NOMINAL) scores between the 2 groups at (mean difference 0.2; 95%oonfidencc 1he difference. The patients were pul on a power (80%). There was a 
the various intervals. Mited interval 1. 19 to 1.46; P..0.97). There was randomiied lis1 to exclude pos~ible b111s from potential for unblinding because 
model linear regrenion was no difference in the incidence of rescue researchers. some participanls eKh1bited 
used to compare changes in fentanvt analgesia at JO or 60 minutes. ke1aminc specific reactions such 
p.'linnumericratingscaleacross NoMa!i5ticallvsignificantorclinicanv 
t,mepomts. 

S1udyPurpOSt'/Ahns 

concerningchangesinvitalsignswere 
ob,erved. No serious adverse events 
occurred in either group_ P;;itientsin the 

kelaminesrouprep<irtedincreased 
minor<idverseeffechatlSminutes 
post-<hugadmini!it111tion. 

S111d~•Orsigu 

This guideline, developed based The panel recommends that N/A Oinical Practice Guideline 
on a svstematic review of the clinicians offer multimodal 
evidence,provides analgesia,ortheuseofa 
recommendationsdevelopedbya varietyofanalgesic 

multidisciplinaryexpertpanelon medicatiomandtechniques 
man,1gement of postoperative combined with 
pain.Guidelineclevelopedas11 nonpharmacological 
CPG by t~ Ame,ican P11in Society, interventions, lor the 
1he American Society of Regional treatment of postoperative 

AnesthesiaandpainMedicine,and paininchildrenandadults 

tht> American Societvof jshong recommendation, high-
Anesthesioloeists' CommiHt>e on quality evidence). 
RegionalAnesthesia,Executive 
Committee, and Administ,ative 

Council 

I 
N/A 

asnvstagmus.1•a1ientenrollment 
wasrestricledtotimeframesin 

which both" member of the 
researchte;;im;;indpharmacy 

teamwereava,lable 

I 

Sampliui, Pb11 

N/A 

I 

N/A 

Df'J)tlllltHt \'arbblts 

I I I 
Strf'112111, (howpromottd intf'1'nalln1nual I Wnknt,w, (bla,t,; pool'lr I LE\-EL 01-· E\'IDl.~:-.-cE- usin!!.JIL\1-:UP I 

,·~lldll~) controlltd thrf'al~ lo 1001 (Slrf'n(!lh and Qualit~) 
lnltrn3lfu:tl'r11alrnlidi~·) 

N/A N/A 32 recommendations made for the 
treatment of postoperative pain. 
Systemic pharmacological therapy 

The APS, with input from the ASA, convened a This clinical practice guideline is a IVA 
panel of 23 members with e~pertise in 
anesthesia and/or pain medicine, surgery, 

SV$tematicreviewofprevious 
studies does not test atheoryo, 

recommt>odations that could be utilized obstetrics and gvnecologv, pediatrics, hospital effectiveness of a medication. 
i11thcPACUincludetheuscof medicine, nursing, primary care, phy~cal This is not a qualitative nor a 

ace!Jminophen and NSAIOs and the 1herapy, ar>d p5ychology to review the evidence quantitiatve slUdy, bur a synthe5i5 

con5idera1ion of IV ke1amine as II and formulate recommendation5 on of mulriple studies by expens in 
component of mullimodal analgesia in management of po5toperative pain. lhe p.,nel the lield for pain managment. 
adults. Other re<:ommendations discuss used methods adapted from the Grading of Seeming lack of inierprofessional/ 
other medlutions, which mav be Recommend!llions Assessment, Development, multidisciplinary pe1spe<;1ives 
Administered pre-/perioperativelv or via And (valuMion Worklne Grm,p to rnre the fe-&.,nursingAndAPRNsl,which 

other routes (e.g., local anesthetics) recommendations included in this guideline a,e a core component of ERAS 
protocols. 
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hl,\ntho,·X:rnll' 
(l'ul)lll"~tlnu Yr) 

Study Pur1)0St/Aims Study Df..~lgn 

I 

To!:llSampltSiw 

I 

Samplh1gl'lan 

I 

lmlrp('n/1('111\'arlalilts 

Compare the analgesic effic.xy of Meta analysis. Not different Comprehensive M!arch of RCH lmtial M!arch identified 382 articles. ExclustOll Inclusion crite1ia: Adults (>!Sy), Studies included administration ol 

inhaoµe1<1tive methao.Jone to !tom o.Jeclawd ohicclive of the investigatins intraope,ative mell1<1done ctitetia appli1..'t.l lo ,each a lin,11 result ol n:7. no language restrktions. Sing!<-'- intraopc,ative methadone or inhaopcrative 
intraoperative morphine for study. to rnorphint> on postoperative surgical or double blinded RCTs th,1t morphine 

poslope1ative analgesia outcomes analgesia using PubMed, Google compa1l'"d int,aoperative 
inpatients undergoing surgical 

procedures. Alsosouehtto 
exa111ine potential sideeffcclS 
ret1tedtouseofmtr.)(lp 

rnethadoi1e 

SCholar.1heCochr,meOal,1haseof 
SyslernaticRev1ews,andErnbase. 

sea,chconductt.-dhominceplionto 

2019 

meth,1donewithrnorphinefor 
postoper.-itive Jnateesia, reportine 

of eithe, opioid consumption 01 

painscores. Exclus1oocnteriJ 

unablclodctcrminccomparison 

between morphine amt 

mclhadonc, nomandorniled llCls, 
animal studies, cone~pondence, 

or editoiials. No mmimum 
~mple Size was 1equired fo, 

inclusion in the quantitative 

dnalysis. 

Dq1r11dr111Varl:1blr.s 

I 
Slalistir:1IAnaly.si.s 

I 

Rr.sulh 

I Stri'11gth.s(how11romolC'II inlrrnal/C'Xti'rnal I \\'C'ak:i1C'.ssrI(bia~r\; 11001.·I~ 
,·~lidil~·) l"Ontrollrd lhn•:il.s lo 

i11lrrrrnlttxll'rn:11rn1idi1,•) 

Prirnary:Sludiesevaluakd Weighl<'dMl'anDifferences 

poslorie,ativeopioid consum11tion (WMD) with 95%confidence 

reported up lo 24 houl's following interval (Cl) were calculated 

Six studies analyzed found that 
intraope,ative rn,elh;utone had no 

statisticallysigmficanteffectonopioid 
SUJl!erylli\TIO.SC<:or1dary: and reporled for continuous consu11tior1 lollowingsu,ge1y. fou, 

PostoperJtive pain scores data for totJI opioid studies cvaluatmg ~thadone on 
(numeric 0, coiiverted lo nun1e1ic consu,nption up to ;t:lllu and postsurgical 11ain com11a1ed to control in 

from VAS) in the PACU and al 24 NRS pain scores al rest up to 24 PACU followine surgcrydemonslrJted a 
hours following surgery ORDINAl, hours signific.int effect, WMD (95%) Cl of •L 11 

time to first analgesic request (-1.88 to 0.33)(0-10 NRS), P:O.OOS 

RATIO, and poslopcr.iliv<- nausea 

and vomiting desplayed in te11115 

of frequency NOMINAL 

I 

R('~l';il'dJ I 
Q11t•,llo11.Yll~·11oll1l'sl'S 

PostopcrJlive pain at rest 24hrs 

followingsurgery--1ivestudies-­

methadone had a significant effect 

WMO (9S% Cl) of -1.35 (-2.03 to -0.67)(0-
IONRS), P-:O.OOI. Nosignific.mteffect 

to first analgesic request in the 
postoperative p,eriod. No signifiC.1nt 

effect on nJusea/ vomitme. Four 
studies repo1 led no adve,se events 

(respiratory depression and excesswe 

sedation)ordid11ot1eportevents. 

S1utl_\·[)('slg11 

I 

Ml'"ta analysis performed cxhausti\l{' sur\l{'y of Meta analysis unable to control 

available RCTs on the topic l01 limitations in individual 

studies 

I 

s~mpliug Plau 

I 

I LEVEL OF EVIDESCE - ming JH'.\"EBP I 
lool (S1nnglli am! Q11a\i1~·) 

Mercadante el al., 2020 The aim of the study was to 
couop;ne meth.::11toi1e ,md 

Analgesk and actve1se effects Ranclorni1cd Contrnlled lri.il. Patients 72 patients assessed of el1gibilily. 3 patients did SEHi NG: PostopcraliV<' 
were com11a1ed between the scheduled 10f the li,st ope1ali011 were not meet inclusion c.rite,ia and S cleclir1ed 10 1ecove1inl! A,ea: wMd. ta 

Administr a lion of Methadone vs Morphine 
during the p,odrcme with 1neme<ltca1ion and 

morphine for the mJngcmcnl of two interventions 
post-01>erativepainfor 11aticnts 

undergoingsurgeryfoi 
gyr,ecologieal cance,. 

randorniwd by J computerized system p.irtici1>ale. 64 patients for final ;:tnalY}is 
lo rt.-ccivc morphine or methadone. 

Pattentswerepremcd1Catedwith 
midazolarn O. 1 n1g/kg, plus ffiOfphine or 

methadone O.l5mBfka intravenously 

roloowing lhe ~u,sery, bolusesot lhe 

study dHlf!.S in doses of 3 rng wc,e given 
1okeepttie1,.1tient comfortable in the 
PACUiftheirpainintensitywas>4/10 

Maddalena Cancer Center in post-op: 1 Ml'"th.idonc administr.ition-> 
INCLUSION·NCM1•1>regnant tcmate NOMINAL/CAILGOlllCAL. 2. Morphine 

palienls were etieible for Jdmirnstralloo; > NOMINAL/CATEGORICAL. 
inclusion if they we•e at leas, 18 O[SCRIPTIVfS: 14,>e (CONTINUOUS/RATIO). 

year~ old and had an Amcncan HYPERlENSION (NOMINAL/CAlEGORICAL). 
Society o! Anesthe!>iologi\lS OIABrT[S (NOMINAi /CAT[GORICAI ), 

1>hysicalstalusllolll. CHRONIC RESPIRAIORY DISEASE 
FXCIUSION.Patients were (NOMINAI./CATF.GORICAIJ, GerKle, 
excluded lftlleywcre receiving (NOMINAL/CATEGORICAL), ASA score 
opioids ro, chronic pain or to, ;;my (NOMINAl/CAT[GOtl.lCAL)., W[IGlfl 

other re.isoo, h.id documented l(ONIINUOUS/RAl'IO) 

sleep apnea, alcohol Of drug 

Drpt'1H11'ul Varlabll'.~ 

I 
StatislirnlAnal~·\ls 

I 
Rl'.snll.s 

I Strl'nglll~ (how promoli'd intrrnal/rxlrnml I Wl'aki1l'SSl'S (bias!'s; IJOorly I LEVEL OF EVTOEXCE u~lng JUXEUI' I 
,·alidit~·) rnntrollecl lhn:1tslo lool (Strl'ngtbandQualitr) 

intrrnalll'Xll'"rualnlidilr) 

Pain intensity (OROINAq, Nausc.i Continuous data a1ccxp1esscd Methadone inlusioi1 provided a bcttc, Study cont1olled conloundingv.i1iablcs by Only women and a typical 
(NOMINAL). vorniting (NOMINIIL), as mean 1 SD. unless otherwise analgesia in comparison with rno,11hine limiting the 1l0pula1ion to a very specilie gynecologie su,ge,y \llerechosen. 

Drowsiness {NOMINAL), Itching spcciflf'd_ Frequency analysis infusion on the second day. Pain procedures and population (female ooly). In order to improve <'xlern.il 
(NOMINAi ), Moq1hine ml! u~l was pe11onned u~ing Hw intensity intervals and Surmned Pain Palients were excluded by not meeling the validity, a broade1 popula1ion set 

(RAIIO), Methadone mg used Pearson's chi-squ.irc test and intensity diffc1cnce over 48 hou,s were inclusion criteria and were ,cmovcd may need to be included as well 

{RATIO) Fisl1er exact tesl. Tlie univariate also lowe, wi1h 111e me111adone group, accordingly. Ttie procec-lure, as more surgical procedures. 

analysis of va1iance (ANOVA) although the difference was not hystc1osalpingectomy, was chosed lo repre.1-ent 
w,1s performed to eval11.1te signifkant behwen the two groups a stJndard oper,1tion thJt could he used a~ an 
me.in differences (JBC, weight, C)(..]lllple for other gcncr.il suri:cry opcrJt1ons 

and opioid consumption) 

between patient groups 
Whrreassomrvariable-swt>re 

not normally distributed, we 

have used non p.1rarnetrictesls 
andinparlicula1 therelated-
samples friedman's two.way 
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1~1 Amho1•:,iamf' 
(Publiraiion Yr) 

Murphyetal.,2015 

1\1 A11lln1r:\';11nr 
(Publirnlion \'r) 

Mometal,2019 

SrndyPurpo<f'IAim• S111drDrsign 

I 

To1alS:un11lrSiu 

I 

Sam11lingl'la11 

I 

Patienhadmini5tered Randomiied,Oouble-hlindedCinical lnitially,164patientswereenrolledinthe SETTING: Single tertiary medical Type of pain management 5tra1egy 

in!ra,operative methadone WOl.lld methadone w01.1ld he more frjal comparini: patients who recei~ sti.,dy. 8 patients dropped out due to failure to center INCLUSION: Patienh l .lntraver>0us Methadone-> 

have both decreased morphine satisfied with their pain methadone vs fentanyl intraoper11tively meet inclusion criteria. rinal number at analysis: pre!.entin8 tor elective cardiac NOMINAL/CATEGORICLAL. 2. lntr.i~nou5 

requi,emeots in the first 24 hours management in the first 24 for cardiac surgical patients. 156 p11tients. surgery with cardiopulmonary Fenli!nyl ··> NOMINAL/CATEGORICAL. 

after ca1diac surgl'ry ar1d improved hours after surgerv than those bypass procedmes and DESCRIPTIVES: fl8e (CONTINUOUS/RATIO), 

painsc0fesat12hoursafter administeredfentanyt. 

e,ctuba!ionwhencomparedto 

patientsadministeredw,th 

standard dosesoffentanyl. 

anticipated extubation within 12 Gender (NOMINAL/CATEGORICAL), Race 

hours of surgery. EXCLUSION: (NOMINflL/CATEGORICAl), Height (RATIO), 

Preoperative renal failure 

requiring dialysis or serum 

Weight (RATIO) ASA Score 

(NOMINAL/CATEGORICAL), Baseline ejection 

creatininegreaterthan2.0; fractlon(RATIO), Type of surgical procedure 

significant hepatic dysJunction, (NOMINAL) 

ejectionfractionlessthan)O%, 

pulmonarvdiseaser>ecessitatins 

homeoxygenther.ipy, 

preoperative requirement tor 

inot,opicasentsot inlrdaortic 

balloon pump to maintain 

hemodynamicstability, 

I 

I I I 

Strrogth~ (lrow prornorrd in1rnrnllf'XIH11al I Weaknrs~f'1 (biQW~j poorly I LE\'EL Of E\"JDENCE 11si11g JH.NEBP I 

•·alitlilJ) cout.-ollrtlrhre:,1~10 tool (Slreu:;tl, audQualit_v) 
iultru,,1,., .. 1 .. rual rnlidilr) 

Mor11hinerequi1ementsinmg­

RATIO. level ol pain without 

coughing• ORDINAL Time to first 

morphinerescue RATIO.Oral 

paintabletsused RATIO 

Assesslhequalityof1ccove1y 

from anesthesia inpatients 

I 

Morphine requi,ements an pain Postoperative mo,phine requirements E~temal validity was promoted by the study's Althoush the dose of methadone 18 

scores,~recompa1ed 

between the randomized 

groups using the 

Mann-Whi1ney U test and 

durin11 the filst 24 h we1e reduced trom focus on implementing lhe interventions based used in thecu11ent study was 

a median of 10 mgin the fentanyl gwup on randomization. The double blind both safe and effective, the 

to6mginthemethadonegroup 

(median difference (99% Cl!, -4 (-8 10 

characteristiC$ ensures the populations and the optimal intraoperative dose of 

researchersarenotprone1obiaswiththe methadone was not determined. 

median differences and their -2] mg; P <. 0.001). Reductions in pain interventions. The in1erventions of methadone Assessments for pain and opioid 

99% Cls were calculated. The scores with coughing were observed and Fen1anyl were given in doses that were related complications were only 

joint hypothesis was assessed during the first 74 halter eKtubation; equivalent to each other performed for 72 hours. High risk 

usingone·tailedte5h,withthe thelev-elofpainwithcoushin8at12h 

uiterion for rejection of the was reduced from a median of 6 in the 

null hypothesis P c 0.02S lentanyl group to 4 in the methadone 

without adjustment !or group (-2 (-3 to-11; P <0.001). 

rnultiplelesting.lnestirnating lrnprovernentsinp,1tient-perceived 

thesamplesizeneeded1otest qualityofpainmanagementv,cre 

join! primary hypothesis, the described in the methadone group. The 

criterion for rejec11on of the incidence of opioid related adverse 

entire joint hypothesis was events was not increased in patients 

0.025. A sample si1e of 52 administered methadone. 

patientspergroupgave80% 

powerat!he0.02Ssignificance 

leveltodelectadinically 

significant30%reductionin 
rnorphinecon5umplion in 

patients. 

Rt'st'arrh I 

Qut'sllo11.efll~lJOll1est"s 

Rese.irchersi11vesligall-d P1ospective, 1.indo111ited, double-blind 

differences between morphine control tnal comparing the effects of 

I 

cardiac~urgicalpatientswere 

exdudedfromenrollment.finalty, 

theeflectotmethadoneonlong· 
termchronicpainisbeing 

examinedinanongoingsludy. 

I 

Sarn1,llng_l'l;rn 

Initial N=70, s11lit between both g1oul)!, (N=JS Sam11le of convenience of 

each). Four patients from each group werl' lost patients 18 65 years old, ASA 

I 

undergoing lapa,oscopic :md methadone int1ao1M?ralivP inlraoperative and JM'.IS1ope1ative du1ingthestudyduetochangesinsurgic,1I categorylorll,sChf:'(tuleclto 

lrnlerwntlr111Varl:1hl<'s 

Pc1tients were randomly as~igned lo ,cceive 

either morphine or mett1adone, which were 

ar:fminislererl immecli,1tely alter inductioo ol 

cholcor-,h:ctorny (lC) under total aud du,ins l'ACU ll'Cove1y Oil administratiOfl of eithe, mOfphinc 01 

mtravenous ,;mesthe!.ia, who recovery from anesthesia as methadone on nicas111es of 

;,ppro<ICh, adrninist1ation of mcdicatiOflS undergo la1>,1roscopic surgery at a .incstlicsia a~ well as during recovery in the 

outside 11rotocol, and refusal to answer the QoR single hos111tal. Exclusion criteria: PACU. The patients received 0.1 mg/kg of 

receivedeithe, rnellla<loneor 

morphine for post-st11gic.il 

analgesia 

measu,ecr liy the Quality ot 

Recove1y-llO (QoR-40) 

questionnaire 

postoperative recovery in ar:lul11iatients ,m. TIM? final sample si1es were N=31 10< ttie 

uodergoinglapa1osco11ic 

cholecystectomy 

moq>hirie group and N=31 ro, the meth<1dorie 

group 

patientretusal,urnible!o eill1erdrugimmedia1e1yafter inctuction,and 

communicate due to .iltc1<1tions 10% lo 20% of th<1l dose irl the PACU 

in lOC, neurological/ psychiatric depending on p.rin scores_ Morphine or 

disea'>C', contraindications or methadone grou,,- NOMINAL 

allergiesto.inydrugsused in the 

sluctv,substanceabusedisordc1s, 

routine use ol opioids. and BMI 

>/=40. 

I 

Sta1h1inl Analnh 

I 
I Stn11~ths (how 11ro11'.o'.1'tl i11lrrnal/ultn1al I ". 'rakiwsff:l (biasf'~; IIOO. •.·IJ' I UXEL OF E\"TOE:,iCE- u~iug JIL'\EBP I 

rnl1d1ly) fOnlrOIINltlireabto 1001 (SlrtnglllrrndQualily) 

IIIH'l'llal/t'Iltl"llal rnlidll\') 

Prirnary:Qualityof,ccovery.is 

measured by Quality of Recovery 

110 (QoR-40) qu~tiormai,e 

{cor1111ilalior1ofdatar,111king 

pat1entpsvcholo111Calsupport, 

physical comfort, l'motional 

Power analysis indicated the llomogencity of S<1m1)1es: No differences P1os1x.-ctivc, randomitcd, l.louhle-blind contlol 

need for 30 pa1t1cip.ants m each in surgical duration, gender, physical trial. Detail in the study, includme: spec1f1c 

g,oup; slucly concluded with 31 status, or RMI. llowever, rnethador1e intrao1>erative te<hniques and meclications 

in each group. Sh;ipito-Wilk g10011 had ;:i highe, 111ean age (118) used, ;illow for inc1e.ised u11de1standing of 

compared to morphine (42.3). l>rimary internal and external validity 

dishibution. Primary outcome: outconw: no signitic;mt 1tille,ences 

status, physical independence. a1,d Qoll-40scores, ;malyled with we,e obse1ve<I between study groups 

pain to provide a glob.11 score] in Fisher's exact lest. secondary fno d1fferencl' between morphine and 

p10JJer.1livf' hotdinga,ea and 24 nM?asu,es analyied using merhadorM? 1/t quality ot 1e<o~e•yl. Side 

hours after surge,y; NOMINfll Sludent's \-test fo1 cfft-cts· 3 meth,,done patients and si• 

(although subcategones m the independent samples. Ordinal morphine patients experienced PONV 

measu,e may be oHlinar). data and conlinuous but not (p-0.117). one patient in tile morpl1ine 

Seconl.lary· lirne to eye opc11i11g; 1101m.illy dist1ibuted data grou11 e•pc1 icnced hypoxernia, but 

RAIIO. secondary: occurrence of measured with M.inn Whitney p-0.99. l'ain: No statistic.illy signifkan 

nau!>f!,l and vomiting; NOMINAi. u test. Statistical signiticancl' pain sc0<es. Opioid consumptior1 in !he 

Scconda1y· Pain ~Ole; OllOINAL assesst.-d using two-tailed tcsl PACU was highe1 in the rnoq,hine gro\11J 

secondary: sedation (Ramsay for all outcomes. (pc0.02). sedation: methadone patients 

score), ORDINAL. secondary: Use had lower sedation scoies than the 

of supplemental an;ilgcsics morphine grou11 (IJC0.01). lime lo PACU 

(lramadol). RAIIO. 5ec011d.iry· discharge: No st.ilistic.illy signifiGlnl 

PACU length of stay d1ffe1encc. N/V on ward alte1 PACU: no 

s1atisticallysignitic;mtdifferl'nces. No 

statisticallysignificantdiffc,ences 

between postoperative pain at rest and 

wi1t1coughing,2hou1safter surge,y, 

higliestp<1inscoreontt1cward,;:ind 

lr.imadol consumption on the ward 

Useoffislie,'sexacttestwith 

grou1,s of N>30 (31). St.itist1cally 

signihcan1cliffe1enceinage 

bclweengrnups(see1esults). 

Spc(1ficpahentpopul;itio11in 

tnms o! ~urgic.11 p1ocedwe may 

not allow results to be 

elClcrnahzedtoothersU1gical 

popul.itions{orthopedi<:s,non 

la11aroscopic1Jr0Ct><lmes,etc.). 

Spc(ificmtraoperativc 

medications (including 

remifenl,111il).ind1,rocedures 

could influence studyre5ults 

Parameters of the Qof-40 allows 

f01mulliplecor1founding 

variables,includingthepalient's 

emotional state, room cle:inliness. 

w;i,d noise levels, and opiniOflS of 

medical 111ovidc1s. among others. 

M01phine and methadone 

COnlJ"l.lll'<illSinga 1:1 r.itio,whi<:h 

may not reflect normal dosing of 

these med1callons. Interventions 

appliedwitllintlleseningot 

rnullimod.ilanalgesiaplan,which 

couldhaveobscurcdresultsof 

meU1,1<1orw or morohme .1s 

" 
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S1mlr P11rp<>S4'/Airns 
I 

Rr~f':irrh I 
Quo,>s1io11.s/H~-i,01hut$ 

I 

To1a\Sarnplf'Si1.£' 

I 

Sampling Plan 

I 

Robinson et al., 2020 To determine ii there is an 
association of intraoper-itive 
methadone use and total 

Determine if intr.1operative Reuospective, case match cohort study. 66 patients were screened for eligbility SETTING: Single centei- quaternal)' Administration of methadone vs not receiving 

methadone was associated Thirty seven patients undergoinc assessment. 25 patients were eMcluded due to care hospital CONVIENCE methadone: 1. Me1h-idone administr-ition •> 

with a difference in clinical con11enital heart sur11eries receiving delayed sternal closure, opioids within 24 hoors, SAMPLE. INCLUSION: Patients NOMINAUCATEGORICAL 2. No methadone 

lslAulhorNamt 
(Pulllir,11iou Yr) 

Ngetal.,2017 

periope,ative opioid e~posure in outcomes, incidence of adverse intraope,ative methadone were ,eceiving a postoperative nerve block, having a were categorized according to age administration:--> NOMINAUCATEGOR!CAL. 

patients undergoing congenital events, and a dose dependent matched to another thirty seven delayed sternal closure and opioids within 24 and were identified using a DESCRIPTIVES: Gender 

hean surgeri~ reduction in opioid use. patients based on age and procedure hours. 41 patients were then asses.sscd for pharnmceutical database of all (NOMINAUCAlEGORICAl, WEIGHl 
who did not re<:eive intr.1opcrative matching. 4 patients were unma!Ched due to patients who re<:eived (CONTINUOUS/RATIO), Age 
methadone. myectomy, Bi dire<:tion Glenn, Bi VAO intra-operative methadone during (CONTINUOUS/RATIO), Procedure len11th 

placment, and Vascular Ring repair. 37 patients a CHO surtical repair requiring a (RATIO), cardiopulmonal)' bypass length 
were then able to be matched 10 a control stemotomy between November (RATIO), Use of cardiopulmonal)' 

cohort consisting of 37 palients as well. 101,11 I, ].011 and July 30, 2018. bypass(NOMINAl/CAJ(GOR1CAl) 
patientsoftesting:74patients. EXCLUSION:lftheyre<:eived 

scheduledopioids 24 hours 
prooperatively, had delayed 
sternal closure postoperatively, 

require additional procedures 

within 24 hours postoperntively, 
recived postoperative regional 

nerveblocks,orwereunableto 
be matched 10 a patient who did 
not reciveintraopcratve 
methadone 

D<'p<'11d .. 11tV:..-it1bln 

I 
S1:i1h1ic-alAu:0Jr.,is 

I I 
S11-.. 11~1h.~ (how prornott'U im .. ,·,mlluct .. r,1:11 I \V .... 1;., ....... s (biau•s: poo,·I~· 

nlidit~") rmuroll .. d 1hrran 10 
irnrrn:il/n-Ternal nllidi~·) 

I 
LEVEL Of t:\'10£!\"Cf.- 11.,in~ JH.---EUP I 

1001 (S1r•n~1h 3111IQ1rnli1)·) 

Opioid medication usage in First All dala were evaluated using n,e methadone cohoit required less Palienls lhat received the intervention of lntraoperative and postoperative IIB 
24 hours (RATIO), se<:ond 24 hours descriptive statistics to opioids intr:aoperatively, in the first 12 peiiope,ative methadone administration we,e opioids was not standardized in 

(RATIO), third 24 hours (RATIO). determine central tendencies homs postoperatively, and dming the matched with a patient that went through the the facility. Exact conversions of 
Medication usage of and no,mality. Continuous first 36 hou,s postope,atively (2.51 v same p,ocedure wilh 1he same demographics to opioids lo rno,phine equivalents 

Benzodiazepineor va,iables were reported eilher '1.39 ms ME/ks, p < 0.001; 0.43 v 1.2g ensu,e the most accurate results. Pain a,e not well eslablished in 
Dexmedetomidine (RATIO) as mean•/- standard deviation mg ME/kg, p - 0,001; and 0.83 v 1.91 mg medications 1vere converted lo morphine lite1atu1e. Potential for seleclion 

I 

or median with interquarlile ME/kg, p < 0.001) comp.a red with the equilavent units to allow comparable data. bia'i ii$ to which patients re<:eived 
,ange (IQR). categorical rna1ehed control cohort. The1e were no Statistical analysis were pe1formed to methadone, and specifically 
va,iables were ,eported as differences in clinical ou!Comes or dete,mine the statistical signficance of higher doses of methadone. Small 

adverse events. A dose-dependent demo11raphicvaluesandmorphineequivalent frequency and percentile. 

Depending upon lhe type and reduction in opioid consumptioo in hish units for each opioid used postoperatively. 

normality of data, either a two versus low dose groups also was not 
tailed unpaired Student t test, observed. 
two·tailed Mann•Whi1ney U 

test, ~2 test, or fisher eKaCt test 
wereused1ode1ermine 
difference.Analphavalueof 

0.05wasusedtodefine 
signific-ince.SPSSversion24 
wasusedfo,allstatistical 

calculations. 

Rrstai-d1 I 
Q11e~tio11s/lJ~·po111 .. se~ 

I 

samplesilefo,study. 

I 

S111npli11i Plau 

I 
lhe purpo~ of this study is to Does the introduction of MAI> Retrospective cohort study. Collected A total of 158 patients were included in our Setting: lhis study was conducted MAP consbts of mandatory pre operative 

determine if a multimodal reduce adverse opioid events information of patients who underwent study. Ninety patients underwent LSG before at University Hospital, Singapore. ctorico~ib (NOMINAl), intra operative 
analgesia protocol (MAP) reduces and provide effective pain LSG from May 2010 to November 201S. impleme!Hation of the MAP (denoted as pre- EXCLUSION: Patients who had acetaminophen (NOMINAL), and postopcrntive 
opioid-,elatedadverseevents releifforpatientsundergoing 

(ORAE)andp,ovideselfectivepain LSG? 
releiffo1p,itientsafter 

Laparoscopicslee'li:gastrectomy 

!l.5G) 

Compared patients before and alter the MAP). Conve,sely, 68 patients underwent LSG 

implementatio,, alte, implementation of the MAP (denoted as 
post-MAP). 

severe post-operative 
complicatiCH1ssuchasgastric 
stllplelinele,1kwereexduded 

from the study due to prolonged 

intensivecareunitstay.Patienh 

who we1e on long term opioid 
analgesiaforchronicpainorwith 
hypcrsensitivit)'tO 

acetaminophen. INCLUSION 
Patientswhoha.dastand-alone 

LSGperformed. 

acetaminophen with optional post-operative 
tramadol (NOMINAL!. MEASURMENT 

NOMINAL 

Depeudeu1\'ari;1loln 

I I 
Re~uhs 

I S1reu:1h~ (how promo1rd lu1em:,l/uler11:1I I \Ye:,kne~w~ (loias<'~: 1,00,·ly I LITEL OF E\'ID[;..CE usiuu JHXEBP I 
rnlidi•~·) rouiroll~d rhre91$ 10 1001 (S1nu1,trh and Q,rnlily) 

in1trn~11 .. :1:,,.n1:il ,-~li1H1~·) 

ORAE: (INTERVAL), Post-op pain Dichotomous variables we,e One-third of palicnlS ill lhe pre-MAP Perfouned multivariale analysis lo account for Study was conducted in a tllC 

scmes (INTERVAL), D,ug cost and expressed in prnportions and group experienced postoperative ORAE, the baseline d;fferences in both groups. 
lenth of stay (INTERVAL), opioid compa,ed u~ing the chi-squa1e as compared to8.8%i11 the post-MAP 

requirements (INlERVAI.), and anti lest, while continuous Vllrillbles group (p < 0.001). Post-operlllive pain 

emetic requirements (INTERVAL} were expressed in mean and scores were comparable at I, 6, and 48 
co,np,1red using the h after LSG between the two groups. 

independent t test. ltowever, there was a significant 
Multivariate analysis was reduction in pain scores 12 and 24 h 
performed using logistic afle, LSG in Lhe post-MAP group. The 

regrt>ssion to account Im cost of analgesia wa~ significantly 

CCHlfounding faclors between increased after the implementation of 

lhe two groups. the MAP from 42.9dollars to 50.5 
dollars(p-0.049). lheaveragedoseof 
opioidsperpatiemadministered 

intraoperntivelywassignificantly 

reduced from 58.2 to 43.6 m11 of oral 

morphine equivalent doses after 
implementation of the MAP (p < 
0.001).Therewerenodifferencesinthe 

useolrnetoclop1amide,ondanset1on,or 
droperidol intra-operatively between 
both groups. 

retrospectivefashion,which 
meant exposure to conlounding 

factorsllndbiases.lhecontrol 

lrea1mentgroupswerealso 

derived from consecutive patients 
who underwent LSG from 2010 to 

2014,withthecontrol 
groupdefinedaspatientstreated 

before the MAP was 
implemented,andlhelreatment 
groupdefinedllspatienlSlreated 
after.Asaresult,improvementin 

surgicalt~hniquesacrossthe 

vears could have led to belier 

patient outcomes in the 
trea1mentgroup. 
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when used for the treatment or 
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compared to placebo or other 
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 Figure 3: John Hopkins Evidence-based Practice Model 
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 Figure 4: Project Timeline 

Project Year I (2020) 
Acfuity/1\'lonth JAi"" FEB l\•LI\R APR MAY JUN JUL AUG SEP OCT NOV DEC 
USUHS VPR Submission and Approval X X X X X X X X X X X 
Site IRB Submission and Annroval X 
Project Planning 

-Task 1: Stakeholder engagement meetings 
-Task 2: 
-Task 3: 

Project Implementation/Data Collection 
-Task 1: 
-Task 2: 
-Task 3: 

Data Analysis 
-Task 1: 
-Task 2: 
-Task 3: 

Dissemination 
-Task 1: 
-Task 2: 

Project Year 2 (2021) 
AcfuilY/1\'Ionth JAi"" FEB l\•LI\R APR l\'L4.Y JUN JUL AUG SEP OCT NOV DEC 
USUHS VPR Submission and Approval 
Site IRB Submission and Aooroval X X 
Project Planning X 

-Task 1: Stakeholder engagement meetings 
-Task 2: 
-Task 3: 

Project Implementation/Data Collection X X X 

-Task 1: 
-Task 2: 
-Task 3: 

Data _4.nalysis X X X 
-Task 1: 
-Task 2: 
-Task 3: 

Dissemination X X X 
-Task 1: 
-Task 2: 

Proiect Year 3 (2022) 
Activity/1\llonth JAl"'f FEB l\•LI\R APR l\UY JUN JUL AUG SEP oc NOV DEC 

T 
USUHS VPR Submission and Anoroval 
Site IRB Submission and Approval 
Project Planning 
Project Implementation/Data Collection 
Data Analysis 
Dissemination X X X 
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 Figure 5: Data Analysis Plan Table 

 Variable 
 Name 

 Variable 
 Descrip�on and 
 type of measure 

 Data 
 Source 

 Possible 
 Range of 
 Values 

 Level of 
 Measur 
 ement 

 Time 
 Frame for 
 Collec�on 

 Sta�s� 
 cal 
 Test 

 Decisio 
 n Rule 

 Po 
 pul 
 a� 
 on 
 or 
 Ev 
 en 
 t 

 IV  (in 
 book 
 referred 
 to as 
 descript 
 ive 
 variable 
 ) 

 Opioid 
 sparing 
 PACU 
 order set 

 Descrip�on: 
 Implementa�on 
 of revised 
 opioid-sparing 
 PACU order set. 
 PACU nurses are 
 educated on the 
 new order sets; 
 PACU nurses 
 u�lizing  the 
 order set. 

 Type: Process 
 Measure 

 Essentris/ 
 Electronic 
 Health 
 Record 

 0 = Prior to 
 implementa� 
 on of revised 
 order set 

 1 = A�er 
 implementa� 
 on of revised 
 order set 

 Nominal  April-June 
 2021 

 none  N/A 

 DV 1  (in 
 book 
 referred 
 to as 
 outcom 
 e 
 variable 
 ) 

 Quan�ty 
 of total 
 dose of 
 opioids 
 given 

 Descrip�on: 
 Mean number 
 the total dose of 
 opioids given 

 Type: Outcome 
 Measure 

 Essentris/ 
 Electronic 
 Health 
 Record 

 0+  Ra�o  April-June 
 2021 

 Paired 
 t-test, 
 Wilcox 
 on 
 signed- 
 rank if 
 not 
 normal 
 distrib 
 u�on 

 Decrea 
 se in 
 total 
 opioid 
 PACU 
 use by 
 20%. 

 DV 2 
 (in book 
 referred 
 to as 
 outcom 
 e 
 variable 
 ) 

 PACU 
 pain 
 score at 
 �me 
 intervals 
 at 15, 30, 
 and 60 
 minutes 
 a�er 
 arrival in 
 the PACU 

 Descrip�on: Pain 
 scores 0-10 
 recorded by PACU 
 RN staff at select 
 �me intervals 

 Type: Outcome 
 measure 

 Essentris/ 
 Electronic 
 Health 
 Record 

 1-10  Ordinal  April-June 
 2021 

 Wilcox 
 on 
 signed- 
 rank 
 test 

 No 
 change 
 or 
 decrea 
 se in 
 PACU 
 dischar 
 ge pain 
 scores 
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 Figure 6: Business Case Analysis 

BUSINESS CASE with VALUE BASED CARE ASSESSMENT 

ProJ>osed Title for Project/Initiative/Opportunity to lmJJrove 

Administration of low-dose ketamine by PACU nurses to improve postoperative pain control and 
opioid-associated risk 

OJ>J)Ortuni!'{ Statement (Descrip_tion ofp_rop_osed p_roject/initiative/opp_ortunity_ to imp_rove) 

FBCH's current PACU recovery protocols rely heavily on opioids for the control of postoperative pain with few 
practical alternatives. FBCH can utilize existing evidence to revise its opioid practices and to offer the same 

quality of postoperative care as other leading facilities. Opportunities to improve readiness, health, care, and 
financial stewardship using this opportunity are described below. 

Business OpJ)ortunity/Objectives (Prioritize listing - macro and micro objectives) y 

Macro: 
1. Empower and enable PACU RNs to effectively employ opioid-sparing techniques that are consistent with 
Enhanced Recovery After Surgery protocols utilized across perioperative health care specialties at FBCH. 

2. Enhance postoperative recovery, improve the patient's surgical experience, ensure patient safety, conserve 
financial resources, and promote the use of leading evidence-based surgical recovery practices. 

Micro: 
1. Revise post anesthesia care unit order to include ketamine as an option for post-operative pain control. 

2. Create an educational program for PACU nurses regarding the benefits of opioid-sparing techniques and the 

use, administration, and safety profile of Ketamine. This educational offering will include combined oral and 
visual presentations as well as printed handouts. 
3. Support, follow-up with PACU nurses, and answer questions regarding low-dose ketamine administration. 

Potential Impact of the Initiative/Project {Identify outcome metrics & benchmarks/and how objectives align with 

Quadrup_le Aim, Value Based Care, and HRO goals) 

1. Readiness: Minimize opioid use for active duty military undergoing surgery. The proposed order set, which 
includes postoperative low-dose ketamine as an option, may reduce the negative effects of excessive opioid use, 

including predisposition to opioid dependence, prolonged recovery times, and increased cost. These sequelae 
negatively impact the health of the force, prolong a servicemember's return to duty, and cause increased costs 
for FBCH. 

2. Better Health: By continuing the opioid-sparing protocols throughout the perioperative period, this project 

will promote better health by encouraging healthy behaviors of pain management that are not fully dependent 
on opioids to control pain. By adding ketamine as an analgesic adjunct, we will increase the ability to treat 

postsurgical pain while decreasing opioid use. Our patients will experience less pain and faster recovery times 
while minimizing the likelihood of opioid dependence. 

3. Better Care: Adding ketamine to the PACU order set fillls in a gap for a non-opioid intervention for moderate 

pain and improves multi modal management of postoperative pain in FBCH. Patients will experience pain control 
that is superior or equal to the current model and in-step with other leading facilities that have implemented 

this change in practice. This addition to the PACU order set expands the non-opioid options available, 
complementing existing non-opioid analgesics and reducing the occurrence of opioid-related sequelae. However, 

opioids may be used to safely supplement other analgesics for higher levels of pain that are not controlled by 
ketamine or other interventions. This revised model allows optimal pain control while reducing opioid 

administration to improve the patient's experience. Lastly, in the event of national opioid shortages, the addition 
of ketamine helps to diversify the availability of suitable analgesics that may be used, allowing opioids to be 
saved for patients who truly need them in those circumstances. 
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4. Lower cost: By reducing the use of opioids used in the postoperative period, patients are expected to have less 

sedation, respiratory depression, and postoperative nausea/ vomiting, which all require additional time, 
overhead, and medications to address. Avoiding these known consequences of opioid administration will 
translate to cost reduction. Furthermore, ketamine itself is inexpensive. FBCH currently buys single-use vials of 
ketamine for only $2.27 each. For less than the cost of a 16oz. drip coffee served from the Starbucks in FBCH 

($2.45), patients can have an improvement in their postoperative experience. Furthermore, while rates are low, 
perioperative opioid use has been associated with initial opioid exposure and the development of opioid 

exposure (Trasolini et al., 2017). Mitigating the patient's exposure to opioids will also mitigate their risks for 
developing dependence, which is a costly and lengthy process to treat effectively. 

5. Professional Agency: Ketamine availability and its associated training will empower PACU nurses by providing 

them with an additional tool to employ in their practice, improving their ability to affect their patients' care and 
improving their job satisfaction. 

Alternatives (courses of action) chosen for Analysis 
1. Educate PACU nurses on opioid-sparing techniques without expanding access to non-opioid pain medications 

2. Educate PACU nurses on opioid-sparing techniques and employ the use of methadone to treat pain 

3. "Status Quo": Retain the current PACU recovery order set without educating PACU nurses and without 

providing alternative non-opioid pain medications to treat postoperative pain 

Analysis of Alternatives 

Alternative 1: I Educate PACU nurses on opioid-sparing techniques without expanding access to non-opioid 

pain medications 

Pros Coins 

1. Provides education to PACU RNs on the 1. Provides RNs with the training but not the support and 
importance of employing opioid-sparing resources they need to employ the opioid-sparing 
techniques considering the current opioid crisis techniques. No new non-opioid medications will be 

and the known risks of perioperative opioid available to them. 

administration. 
2. PACU nurses may incorporate this education and 

limit their administration of opioids (without an 
alternative medication to administer). 

Alternative 2: I Educate PACU nurses on opioid-sparing techniques and employ the use of methadone to treat pain 

Pros Coins 

1. Methadone is an old drug that has come into 1. Evidence in the literature supports the use of 

favor again recently related to its ability to control methadone in the perioperative period, but literature 

pain describing its use specifically for postoperative pain 
2. Methadone is inexpensive. specifically is sparse. Most of the literature focuses on the 

3. Methadone acts on opioid and non-opioid use of intraoperative and not postoperative methadone. 
receptors and helps treat pain through different 2. While it does not have the potency of other opioids, 

pathways (multimodal analgesia). methadone does act primarily on opioid receptors 
4. Provides ERAS/ opioid-sparing education 3. A patient's response to methadone may depend heavily 

on their genetics; it may not be effective in all patients. 
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Alternative 3: 
I 

"Status QuoJJ: Retain the current PACU recovery order set without educating PACU nurses and 
without providing alternative non-opioid pain medications to treat postoperative pain 

Pros Cons 

1. Existing protocols are simple and easy to 1. The existing PACU orders promote the use of opioids, 

maintain. including in situations that may not be appropriate when 
2. The opioids available in the current PACU order other alternatives are supported by research and are 

set are inexpensive. already available in the hospital. 
2. Keeping the PACU orders as they are may be seen as 

complacent in the setting of the opioid crisis and adverse 
to the characteristics of a High Reliability Organization 

(Reluctance to Simplify; Commitment to Resilience). 
3. The United States has experienced opioid shortages in 
recent years, and heavy reliance on these medications 
during these shortages reduces capability. 

Assumptions 

1. Providers will favorably view and utilize an order set with Ketamine. 
2. PACU RNs will feel comfortable administering ketamine following a robust education program highlighting its 

effects within the body. 
3. Pain scores will be equivalent or superior after the option of low-dose ketamine is added to treat 

post-operative pain. 
4. Patient satisfaction is higher in institutions with evidence-based pain management strategies. 

5. Pharmacy staff will make the concentration of Ketamine in appropriate doses for the PACU RN staff to give. 

Recommendation and Rationale 

Recommendation Make a choice 

Educate PACU nurses on the benefits for our patients of using opioid-sparing techniques, empower their 

practice, and add ketamine to the current PACU order set as an option for providers to order. 

Rationale Make a choice 

Low-dose ketamine gives an alternative to the current quiick use of opioids, it is short acting, and proven to be 
effective against pain. 

Value Based Care - Investment Required by the Organization and the Associated "VALUE" or$ GAINED. Below 
represents two ways to present this information. Depending on the initiative, you may need to alter this outline. Please 
adjust as appropriate and if need be ... do not hesitate to create this portion on a separate document and then attach to 
this assignment. 

Value = Quality+ Service 

Cost 

I. Quality projected based on: Reduced opioid use in the post-operative period, the potential for reduced legal 

liability, PACU nurse satisfaction, and improved PACU recovery times. 

Patient Safety Related Benefit -

Opioid-Sparing Order Set decreases 
chance of adverse effects of opioid 

administration. Cost of Ketamine added to current 

PACU order set. 

Financial Benefit-

FBCH already routinely stocks ketamine. The cost 
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of adding ketamine to the PACU order set will not 

cost the facility anything. 

Operational Readiness Benefit-

Active Duty Military healthcare providers will gain 

experience administering ketamine, increasing 

operational readiness. Ketamine is widely used in 

deployed settings and austere environments. 

Servicemembers undergoing surgery will 

experience improved postsurgical pain control. 

Total 

II. Service projected based on: (suggestions-examples in blue font) 

Patient Satisfaction/Benefit-

Patients will have improved pain control. They will 

have different options for pain control if they are 

unable to receive opioids due to clinical 

conditions. 

Provider Satisfaction/Benefit -

Providers will be able to enact another option for 

patients that require decreased amounts of 

opioid administration. 

Total 

Ill. Cost projected based on: (suggestions-examples in blue font) 

Program Design and Development-

Designed and implemented by service members 

who are already on active duty and performing 

other roles in their full capacity. 

Project Management 
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Marketing-

No external marketing required. Project team will 

create pamphlets for PACU nurses and staff, 

which can be produced by the Public Affairs Office 

once approved. 

Total 

IPROJECTED VALUE: 

Decreased risk of adverse opioid-related events, Improved pain control and satisfaction for patielts, "Y 

protecting the health of patients and including servicemembers undergoing surgery 

reducing the likelihood FBCH would be 
implicated in torts or other legal proceedings 

related to opioid-related negative outcomes. 

Ketamine is already available in Increased nursing capability; increased operational 

FBCH for negligible cost readiness for active duty RNs administering ketamine 

Implemented by student labor, with no Other than ketamine itself, the cost to print 

additional cost to the hospital educational materials are expected to be limited. The 

Public Affairs Office already has a budget for printing 

these materials. 

Risks and Mitigation Plan 

Risks Plan 

1.Ketamine-induce adverse event 1. Training RNs to rapidly and reliably recognize, address, 

and report adverse events as they do with other 
medications. 

2.Patient dissatisfaction 2. If ketamine is not tolerable to patients, investigate if it 
is related to pain or other factors. 

3.PACU RN dissatisfaction 3. Hold open-forum sensing sessions to solicit RN 
feedback and evaluate ways to mitigate negative events. 

4. Intervention results in unforeseen safety concerns 4. Revert to the original order set without ketamine. 
or fails to improve outcomes 
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Implementation Plan 

Phase 1: I Gather Evidence and Research regarding safe use of non-dissociative low doses of Ketamine for 

acute pain. 

Search research databases to find relevant articles and evidence to support using 
Milestone Description: alternatives that ketamine is a safe drug to use in the PACU with the correct dose and 

administration technique. 

Deliverables Due Date Accountable Person 

Gather, sort, and critique high [Completed, with ongoing revisions Project Lead/ Delegate 
level evidence of at least 10 as new evidence becomes available 

systematic reviews, until project completion] 
meta-analyses, appropriate, 

well-designed studies, and expert 
opinions 

Resources Needed 

Access to research databases such as Pub med, Cina hi, and Web of Science. Utilize assistance from Learning 

Research Center staff to assist in making concise data searches. 

Expected Level of Benefit 

This will be the foundation for our evidence-based interventions in the PACU. 

Phase 2: I Verify that subanesthetic ketamine is appropriate to use in Virginia 
Ketamine has traditionally been used as a general anesthetic and as a sedative for 

procedural sedation. RNs may not give ketamine independently in these situations. 

Milestone Description: 
PACU RNs may perceive that they may not administer ketamine in subanesthetic 

doses for pain control because they may not administer the drug in the significantly 
higher (approximately 3-10 times higher) doses associated with procedural sedation 

and general anesthesia. 

Deliverables Due Dates Accountable Person 
Confirmation that subanesthetic 30OCT20 Principal POC 

doses of ketamine may be 
independently administered by 

RNs in Virginia 
Resources Needed 

POC and time required to contact the Virginia Board of Nursing. 

Expected Level of Benefit 
PACU RNs will perceive subanesthetic ketamine administration as a safe and legal intervention in accordance 

with the scope of practice for RNs in Virginia. 

Phase 3: I Develop an appropriate training program for PACU RNs to use ketamine safely and confidently 

Develop set dates, times, and training environment for PACU staff to rotate through 

Milestone Description: 
training without impacting patient care. New PACU order set must be written into the 

Standardized Operation Protocols (SOPs) with executive leadership's support for 
adoption of use. 

Deliverables Due Dates Accountable Person 

Measurable goals: 2 weeks after leadership approval Principal POC 

Produce written guidelines for the to proceed. 

use of Ketamine and changes to 
PACU order set. 
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30 min to 1 hour class for staff 
education. 
RNs will score satisfactory on 
post-test exhibiting understanding 

of Ketamine administration. 

Resources Needed 

Time for Principle POC/lnvestigator and RN PACU staff. Informative pamphlets and room to conduct staff 
education. Pre-test and Post to measure PACU staff understanding of Ketamine use and pharmacology. 

Expected Level of Benefit 

PACU staff will have a better understanding of ketamine as an adjunct to multimodal pain relief. 

Phase 4: I Conduct training to the PACU RN Staff 

Milestone Description: 
To implement the new PACU opioid-sparing order set department wide, education 
must be provided to all staff that are expected to comply with change in policy. 

Deliverables Due Dates Accountable Person 

Measurable Goal: 2 weeks after pilot training is Principal POC 
100% personnel exposure, complete Pilot Trainers/ Departmental 

including LPNs, Medics, Leadership 
Corpsmen, and CNAs who may 
interact with patients who have 
received ketamine 

Resources Needed 

Time for all personnel to attend training (30 min - 1 hour). Handouts, posters, and contact information for 

questions and concerns. Utilization of the hospital's education and training department. Mitigate risks by 
engaging Anesthesia and PACU leadership to promote this addition as a positive change. 

Expected Level of Benefit 

Anesthesia and PACU adopts and complies with the new opioid-sparing PACU order set 

Phase 5: I Program evaluation 
Track results on the PACU length of stay and the amounts of opioids used in the PACU. 

Milestone Description: 
Measurable goal: Decrease in the amount of opioids in the PACU at a 6 month 
evaluation. PACU pain scores. Surveys on PACU nurse satisfaction of new 
opioid-sparing protocol. 

Deliverables Due Dates Accountable Person 

Status reports to leadership at 3 Ongoing, but report to leadership Principal POC 
months and at 6 months on at 6 months. 
amounts of opioids, pain scores, 
and nurse satisfaction. 

Resources Needed 

Access to patient information and medical records; approval from institutional leadership to collect data. 

Mitigate risks by careful data collection, reassessing training to PACU staff, and monitoring staff for compliance 
Expected Level of Benefit 

The evaluation from the results gained will determine whether or not the new opioid-sparing PACU order set is 

an improvement to the status quo 

NOTE: Modified from Harvard Business Review Press. (2011). Pocket mentor: Developing a business case. 

Boston: Author (pp 82-85). 
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 Figure 7: Data Collection Templates 
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Disclaimer

● The views expressed in the presentation are those of the 
authors and do not necessarily reflect the official policy or 
position of the Uniformed Services University, the Department 
of Defense, or the United States Government

● There are no financial relationships that exist between the 
speakers and a commercial entity
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Introduction
● Opioid-sparing/free anesthetic practices are frequently utilized 

intraoperatively at FBCH 
● Part of evidence-based Enhanced Recovery After Surgery (ERAS) 

protocols. 
○ Celebrex, Acetaminophen, Gabapentin

● These practices are not continued in the post-anesthesia care unit 
(PACU). 

● Opioids, when given may cause adverse reactions: hypotension, 
nausea, vomiting, constipation, and respiratory depression

○ Leads to longer PACU stays
○ Delays in discharge
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Significance
● Researched Non-opioid forms 

for Post-operative (post-op) 
analgesia

● Few options through 
evidenced-based practice were 
presented

○ Ketamine and methadone 
(opioid agonist)

● Focused on Ketamine for this 
project.0.3mg/kg = analgesic 
dose/ subdissociative dose. 

○ This dosage was mainly 
used in the Emergency 
Department/ Perioperative 
setting.
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Significance
● Databases:

○ Web of Science, PubMed, and 
CINAHL

● Search Terms
○ “Postoperative pain control 

interventions”
○ “Methadone” and “Pain”
○ “Subdissociative Dose Ketamine”
○ “Ketamine Postoperative Period”
○ “Methadone decrease opioid adverse 

events”
○ “Multimodal analgesia protocol 

opioid adverse events”
○ “Ketamine and “Acute Pain”

● 387 Results
○ 142 Duplicates

● 224 removed (not appropriate to 
problem statement)

● 7 removed (inapplicable study 
design of setting

PRISMA 2009 Flow Diagram 

Web Stienc 

(n = 226) 
e 

l 

p~~mes 
(n = 118) 

Records before duplicates removed 
(n =387) 

Title and Abstracts screened 

CINAHL 
(n =43) 

- Duplicate 

(n = 

s removed 

142) 

(n = 245) I-+ Records ex eluded 

24) 

Full-text articles assessed 

for eligibility 1--t 
(n= 20) 

Studies Included In 

synthesis 

(n = 13) 

(n = 2 

Full-text articles exc luded, with 

reasons 

(n= 7) 
6 for wrong stud v design 

Citing 1 for wrongs 
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System or Clinical Question

● In adult postoperative orthopedic patients, how does 
the use of an evidence-based opioid-sparing analgesia 
PACU order set that includes subdissociative ketamine 
(SDK), compared to current PACU orders sets, affect the 
of total dose of opioids administered, and PACU pain 
scores at time intervals at 15, 30, and 60 minutes after 
arrival in the PACU? 



Focus Areas/Aims
● Research 

○ What other non-opioid adjuncts are available
● Who is going to give it? How? 

○ PACU nurses were given the post-operative order for the 
SDK as well as the contact information of the SRNA 
responsible for administering the ketamine in the 
PACU. Once the SRNA was contacted, the SRNA 
administered the appropriate dose.

● Patient population 
○ Orthopedic patients who stated of 4-6 out 10 on the 

Numeric Rating Scale in the post-anesthesia care unit 
(PACU) received SDK..

● IRB approval 
○ This evidenced-based quality improvement project 

obtained internal review board (IRB) exemption.
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Focus Areas/Arms
● Implementation

○ Eligible patient were given 0.3mg/kg of IV Ketamine x1 
in the PACU after being notified by the PACU Nurse.

● Data collection
○ For each patient, the total doses of opioids given in the 

the PACU pain scores at time intervals of 15, 30, 60 min 
after arrival in the PACU were recorded. The total 
amount of patients for this intervention is 30 compared 
to 30 patients with the same surgical implications 
without the SDK the PACU

● Data analysis 
○ Differences in the pain scores between the 15 minutes 

and baseline, 30 minutes and baseline, as well as 60 
minutes and baseline were compared between the two 
groups using independent sample-tests and Wilcoxon’s 
rank sum tests. 

○ Dichotomous variables for use of each type of opioid 
(fentanyl, oxycodone, hydromorphone, morphine) 
irrespective of dosage were created.



Translation/Organizing Framework
● The John Hopkins Nursing Evidence-based Practice (JHNEBP) Model

Inquiry 

Work In Interprofessional Teams 

PRACTICE 

Best 
Practices 

Practice 
Improvements 
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Project Design
● Research non-opioid adjuncts
● Select adjunct/ setting for adjunct
● PACU nurse teaching/ Pharmacy support
● Collect baseline data
● Implement intervention
● Collect data from intervention for comparison
● Analyze data

,.,. ,,., usu 
--~c:0~.t, Uniformed 

1f :\ \'\ ~ University 



Procedural Steps
●Analyzed existing PACU order sets 

○ lack of non-opioid analgesic options.

● A review of the literature revealed SDK could be a viable 
non-opioid analgesic adjunct to treat acute pain.

● Doses most commonly found in the literature
○ ketamine 0.3 mg/kg IV 

● Pain scores at 15, 30, and 60 minutes after arrival to 
PACU 

○ Doses of opioids used were recorded (standard group, SG).

● SDK administered to 30 adult orthopedic patients by the 
SRNA once assessed by the PACU nurse

○ Pain scores >4/10.
○ Compared against SG.
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Results

● Pain scores with SDK showed no difference when compared to 
the control group without.

● Regarding opioid, use, SDK produced statistically significant 
reductions in the total number of patients requiring fentanyl 
and hydromorphone.

● No differences were noted in the number of patients who 
received dilaudid or the average dose of fentanyl administered 
to patients.



Analysis

●A significantly lower portion of patients under the SDK 
protocol versus the patients under the SG used fentanyl.

●No significant difference in pain scores at 15, 30, and 60 
minutes between the SG and SDK groups (independent 
samples and Wilcoxon’s rank sum test).

●The number of patients using opioids did not differ 
between the two groups (Chi-square test).

●The total dose of opioid use in milligrams did not differ 
significantly between the two groups (Chi-square test).

●Addition of SDK was non-inferior compared with 
existing protocol.

●Not enough evidence to recommend a change in 
practice more research required.
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Impact/Implications

● Findings support Fort Belvoir Community Hospital in expanding 
the use of multimodal analgesia in the PACU.

● Provides military service members with experience using 
medications available in operational environments.

● Provides a pathway for PACU RNs to expand their ability to 
administer opioid-sparing analgesic medications.

● May lead to policy changes in post-operative medication 
administration.
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Barriers and Limitations

● Current policies

● 500mg vials of Ketamine

● PACU nurse 
interpretation of order 
sets

● Patient receiving nerve 
blocks before the 
procedure

● ERAS medications 
ordered differ per 
provider.

NOC 0143-9509-01 x only 

in· 'iii'~ 
ction, iSP~ : 

m·l!IUI i 
(100 mg/m L) ~ 
C0NCENTRA E ~ ~ 

For I or Slow I Use ~ E 
DILUTE BEFORE / USE C/) 
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Future Directions
● Policy changes

○ Pharmacy can supply the hospital 
with pre-filled syringes of ketamine 
(50mg/5ml) to allow PACU and 
anesthesia staff to safety 
administer ketamine without the 
need for bedside compounding.

○ RNs ability and understanding to 
use ketamine in the PACU setting.

● Further research opportunities

○ Available research regarding the 
use of Ketamine regarding the 
pharmacokinetics and 
pharmacodynamics relate to 
anesthesia and not analgesia

○ Efficacy of pain control between 
intraoperative ketamine and 
postoperative use of ketamine.

○ The use of ketamine in opioid-
sparing techniques.
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Conclusion
● Military RNs would benefit from using ketamine to gain 

experience using a drug that used in combat. and austere 
environments

● Ketamine is a viable option in post-operative analgesia and 
has demonstrated non-inferiority when compared to the 
current PACU order set.

● SDK has shown to provide a small opioid-sparing effect at 
FBCH.

● Further research is needed to determine the most efficacious 
way to use ketamine as an analgesic.

● SDK can be incorporated into ERAS committees that can 
reduced the use of opioids in the PACU making it a mainstay 
in postoperative analgesia.
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Subdissociative Ketamine (SDK) Administration in the Post-Anesthesia Care Unit (PACU)
Andre Brown, BSN, RN, MAJ, AN; Eric Sanchez, BSN, RN, LCDR, NC; Alex Jung, BSN, RN, CPT(P), AN

Daniel K. Inouye Graduate School of Nursing, Uniformed Services University of the Health Sciences, Bethesda, MD
Fort Belvoir Community Hospital, Fort Belvoir, VA

In adult postoperative orthopedic patients, how does an 
evidence-based opioid-sparing multimodal analgesia 
PACU order set that includes subdissociative ketamine 
administration, compared to current PACU order sets, 
affect the quantity of total dose of opioids given, and 
PACU pain scores at time intervals at 15, 30, and 60 
minutes after arrival in the PACU?

An analysis of existing PACU order sets revealed a lack 
of non-opioid analgesic options.
A review of the literature revealed SDK could be a 
viable non-opioid analgesic adjunct to treat acute pain.
Based on doses used in the literature, ketamine 0.3 
mg/kg IV was selected.
SDK was administered to 30 adult orthopedic patients 
with pain scores > 4/10.
Pain scores at 15, 30, and 60 minutes after arrival to 
PACU as well as doses of opioids used were recorded
(standard group, SG).
To evaluate the effect of the intervention, these same 
pain scores and opioid dosing were compared against 
30 adult orthopedic patients treated under standard 
PACU protocols with the addition of SDK.

“The views expressed in this poster are those of the authors and do not necessarily reflect the official policy or position of the Uniformed Services University of the Health Sciences, the Department of Defense, or the United States government.” 

“The authors would like to acknowledge MAJ Keith Lathrop (Senior Mentor), LTC (Ret.) 
Sandra Bruner, CDR Kennett Radford, Capt. Heather King, LCDR Kenneth Barber,  and 
Dr. Hind Baydoun, for their support, guidance, and assistance.  Their time, effort, and 
dedication to this project is greatly appreciated.

Project Results

Organizational Impact

Opioids are powerful analgesics but may cause 
hypotension, nausea, vomiting, constipation, and 
respiratory depression, which may lead to complications 
in the PACU.
Opioid-sparing anesthesia is becoming more common 
with Enhanced Recovery After Surgery (ERAS) 
protocols, but these analgesic approaches are often not 
continued in the PACU.

Dang, D., Dearholt, S., Bissett, K., Ascenzi, J., & Whalen, M. (2022). Johns Hopkins evidence-based practice 
for nurses and healthcare professionals: Model and guidelines. 4th ed. Sigma Theta Tau International

Analysis of the Results

Recommendations for Improvement

Significance of the Problem Organizing Framework

Purpose/ Clinical Question

Project Design

No significant difference in pain scores at 15, 30, and 60 
minutes between the SG and SDK groups (independent 
samples and Wilcoxon’s rank sum test).
There were no significant differences between groups 
for the proportions of patients using morphine, 
hydromorphone, or oxycodone. 
No statistically significant differences in the mean doses 
of other opioids used.
No statistically significant difference in pain scores and 
a slight opioid-sparing effect.

Support Fort Belvoir Community Hospital expanding use 
of multimodal analgesia in the PACU.
Provide military service members with experience using 
medications available in operational environments.
Provide a pathway for PACU RNs to expand their ability 
to administer opioid-sparing analgesic medications.

Consider addition of SDK to PACU order set.
Update current policies to allow PACU nurses the ability 
to administer SDK when appropriate.
Expand opioid-sparing education for PACU nurses.
Conduct additional investigations to evaluate the use of 
ketamine in different surgical populations.
Provide prefilled syringes of ketamine 10 mg/mL for 
PACU use.
Conduct additional research to fully elucidate the 
pharmacokinetic and pharmacodynamic properties of 
ketamine as an analgesic.

Analysis showed a statistically significant reduction in 
the number of patients requiring fentanyl in the PACU. 
(P=0.03)
There was a statistically significant decrease in the 
mean dosage of hydromorphone used by the SDK 
group (p=0.02)
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