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ABSTRACT  

Purpose: The purpose of this quality improvement (QI) project is to increase anesthesia 

providers’ MMA knowledge and willingness to use MMA through a live presentation 

educational event at Arrowhead Regional Medical Center (ARMC).  

Background: Prescription opioid misuse causes about 17,000 deaths annually, with over 10 

million individuals misusing prescription opioids (CDC, 2019; SAMHSA, 2019). The opioid 

epidemic forces all healthcare providers to examine their role in this crisis. Anesthesia providers 

play a significant role in the crisis by introducing their patients to opioids and managing 

postoperative pain. Poorly managed postoperative pain may lead to acute and chronic pain 

syndromes (Mills et al., 2019). The introduction of Multimodal Analgesia (MMA) utilizes 

multiple non-opioid medications targeting various receptors to reduce acute and chronic pain 

(Brown et al., 2018). MMA effectively manages postoperative pain and reduces opioid 

requirements (Li & Chen, 2019; Xu et al., 2018). 

Methods: The design is a pre- and post-survey educational program to assess ARMC anesthesia 

providers’ MMA knowledge and willingness to use MMA techniques. The PI created an MMA 

training after a review of the literature. The PI provided anesthesia providers with live MMA 

training via a PowerPoint presentation, collected demographic data, assessed current MMA 

knowledge and utilization, and assessed post-training MMA knowledge and willingness to use 

MMA techniques. 

Results: Eighteen anesthesia providers attended the MMA presentation, including six certified 

registered nurse anesthetists (CRNAs) and 12 resident registered nurse anesthetists (RRNAs). 

There was a statistically significant increase in anesthesia providers’ MMA knowledge, as 
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demonstrated by the increase in post-survey scores following the MMA training. The anesthesia 

providers also reported being more confident in utilizing MMA and more likely to use MMA in 

future practice. 

Conclusions: This project successfully demonstrated that providing anesthesia providers with 

live MMA education increases their MMA knowledge and willingness to use MMA. However, 

potential barriers may remain in MMA utilization, such as lack of access to MMA drugs, 

institution culture against MMA use, and lack of confidence in utilizing MMA. 
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INTRODUCTION 

The opioid crisis has reached epidemic proportions, with 10.3 million Americans 

annually misusing opioids and resulting in over 47,000 deaths (CDC, 2019). The use of opioids 

has been the foundation for postoperative pain management (Bohringer et al., 2019). As a result, 

anesthesia providers often introduce opioids to their patients for the first time while 

administering anesthesia during surgery (Bohringer et al., 2019). Over the last decade, the 

evolution of multimodal analgesia (MMA) presents an alternative to an opioid-centered 

postoperative pain management approach. Anesthesia providers’ knowledge regarding evidence-

based MMA techniques should be assessed and knowledge gaps filled with current evidence. 

The purpose of this quality improvement (QI) project is to provide certified registered nurse 

anesthetists (CRNAs), resident registered nurse anesthetists (RRNAs), and physician 

anesthesiologists with established, evidence-based MMA techniques to improve knowledge and 

willingness to use MMA techniques in clinical practice. 

Background Knowledge and Significance 

In the United States (US), 10 million individuals abuse prescription opioids (SAMHSA, 

2019). In addition, healthcare costs associated with prescription opioid misuse has reached $28.9 

billion (Florence et al., 2018). Anesthesia providers’ role in the opioid crisis includes the use of 

perioperative opioids and effectively manage postoperative pain to prevent poorly managed 

acute pain, leading to chronic pain and possible opioid misuse. 

Throughout the last decade, opioids have been the leading cause of accidental deaths in 

America (CDC, 2019). Additionally, there are an estimated 17,000 deaths annually from 

prescription opioids (CDC, 2019). Many patients who become dependent on opioids are due to 
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poorly managed chronic pain. The primary mechanism of chronic pain is poorly managed acute 

pain (Mills et al., 2019). Due to the development of acute tolerance, opioid use perioperatively 

leads to more opioids required to effectively manage pain postoperatively (Koepke et al., 2018). 

Opioid use to manage postoperative pain is also associated with many adverse effects that risk 

patient morbidity and increase hospital length of stay (Koepke et al., 2018). Opioid-related side 

effects include respiratory depression, nausea, vomiting, ileus, delirium, and urinary retention 

(Koepke et al., 2018). 

The emergence of MMA for postoperative pain effectively manages pain and reduces 

opioid requirements (Li & Chen, 2019; Xu et al., 2018). When anesthesia providers effectively 

manage patients’ postoperative pain, they are less likely to require opioids to manage acute pain 

upon discharge. MMA is the administration of two or more medications that provide analgesia 

through various mechanisms to manage acute and chronic pain while reducing opioid use 

(Brown et al., 2018). For this quality improvement (QI) project, non-opioid MMA will be 

discussed. Non-opioid MMA analgesic mechanisms include antagonizing N-methyl-D-aspartate 

(NMDA) receptors, alpha-2 adrenergic agonists, nonsteroidal anti-inflammatory drugs, sodium 

and calcium channel blockers, and gamma-aminobutyric acid subtype A receptor agonists 

(Brown et al., 2018). 

MMA techniques can be employed in all three phases of anesthesia care, including 

preoperatively, intraoperatively, and postoperatively. For example, administration of 

acetaminophen and ketamine perioperatively are two MMA pharmacologics proven to reduce 

opioid consumption while managing postoperative pain (Chou et al., 2016). Aryai et al. (2018) 

found that acetaminophen’s oral or intravenous administration reduced postoperative opioid 
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consumption by as much as 30%. Likewise, Chou et al. (2016) found intravenous ketamine 

reduces postoperative pain scores compared with a placebo. MMA techniques have been 

successfully used in many surgical specialties, including thoracotomy, laparoscopic, total hip and 

knee replacement, spinal fusion, and cesarean section (Chou et al., 2016). 

Local Problem 

In 2018, 20 million opioid prescriptions were written for patients in California, resulting 

in 2,428 deaths and 8,832 emergency department (ED) visits (Neeki et al., 2020; CDPH, 2020). 

San Bernardino County is the largest geographical county in the US, with a population of 2.2 

million (Neeki et al., 2020). In 2018, over 1.3 million opioid prescriptions were written in San 

Bernardino County, 106 opioid-related deaths, and 466 opioid-related emergency department 

visits (CDPH, 2020). In 2014, California launched a multidisciplinary task force to examine 

strategies to decrease the incidence of opioid abuse, overdose, and deaths. A multifaceted 

approach for managing acute pain was a key mitigation strategy identified by the task force 

(CDPH, 2016). 

This Doctor of Nursing Practice (DNP) project’s implementation site is Arrowhead 

Regional Medical Center (ARMC), a level II trauma county hospital in San Bernardino, 

California. There is currently no educational program regarding MMA techniques at the 

implementation site. As a result, there are no standard policies and procedures on MMA 

approaches for various surgical procedures. 

An interdisciplinary team was formed to assist with the implementation of this project. 

The stakeholders involved are the project implementer (PI), the chief CRNA, the CRNA clinical 

coordinator, and the chief physician anesthesiologist. The clinical coordinator CRNA assisted 
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with project supervision, the chief CRNA aided with administrative issues, and the chief 

physician anesthesiologist served in supportive roles. 

The need for this DNP project originated from the growing damaging effects of 

prescription opioids and the evolution of MMAs efficacy in managing postoperative pain. The PI 

contacted the hospital’s clinical coordinator, and current MMA use at the facility was discussed. 

After the call, the PI determined that no training was provided to anesthesia providers regarding 

MMA techniques. Also, there is no initiative to utilize evidence-based MMA approaches to 

decrease opioids and manage postoperative pain. Potential barriers and challenges to project 

implementation were discussed with the project team, such as medication availability for MMA 

and surgeon and anesthesia provider buy-in. The clinical coordinator agreed that the facility and 

its patient population would benefit from an evidence-based MMA training program to increase 

anesthesia providers' MMA knowledge and willingness to use MMA. 

Intended Improvement 

Project Purpose 

The purpose of this quality improvement (QI) project is to create a live training 

presentation to educate anesthesia providers at ARMC on evidence-based MMA techniques and 

evaluate if there is an increase in knowledge and willingness to use MMA techniques after the 

training. The anesthesia providers’ increased knowledge and willingness to use MMA will be 

assessed using a pre- and post-survey. Lim et al. (2019) successfully used a pre- and post-survey 

to assess healthcare providers’ knowledge following diabetic training. The authors found an 

increase in new knowledge and transfer of knowledge to skills (Lim et al., 2019). In addition, 

Leithead et al. (2017) used a pre- and post-survey design to assess medical students and RRNAs 
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in a simulation-based operating room training. MMA strategies have proven to manage 

postoperative pain for various types of surgical procedures effectively. In addition, when MMA 

strategies are used, the evidence suggests opioids can be eliminated or decreased in the 

postoperative period (Bohringer et al., 2019). The elimination or decrease of opioids can limit 

the number of opioid prescriptions needed and misuse issues. 

Project Question 

The project question is, “Does providing Arrowhead Regional Medical Center anesthesia 

providers with live multimodal analgesia training increase knowledge and willingness to use 

multimodal analgesia in clinical practice?” This QI project presented CRNAs, RRNAs, and 

physician anesthesiologists with evidence-based MMA strategies that can be utilized in the 

preoperative, intraoperative, or postoperative setting. In addition, the anesthesia provider’s 

knowledge will be assessed before training, immediately after training, and surveyed if they 

would consider the use of MMA in clinical practice. 

Project Objectives 

This QI project addresses four specific aims, which include:  

Aim 1: Administer ARMC CRNAs, RRNAs, and physician anesthesiologists a 14-

question MMA survey to obtain baseline demographic information and assess 

current MMA knowledge and willingness to use MMA.  

Aim 2: Provide ARMC CRNAs, RRNAs, and physician anesthesiologists with live 

evidence-based MMA training.  
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Aim 3: Administer ARMC CRNAs, RRNAs, and physician anesthesiologists an -

question survey immediately after post-MMA training to assess if there was an 

increase in MMA knowledge. 

Aim 4: Assess ARMC CRNAs, RRNAs, and physician anesthesiologists’ willingness to 

consider MMA use and explore potential barriers to MMA. 

Theoretical Framework 

The adult learning theory (ALT) provides the framework for this QI project. The educator 

Malcolm Knowles developed the ALT. Knowles developed the theory based on the concept of 

andragogy. Andragogy is the art and science of adult learning (Knowles, 1988). In andragogy, 

adult learning is viewed on a continuum where some individuals rely on educators for direction 

and others are self-motivated learners (Knowles, 1988). Andragogy makes five assumptions 

regarding the adult learner. Knowles believes adult learners are self-motivated, ready to learn, 

internally driven to learn, oriented to learning in a problem-centered environment, and draw 

knowledge from past experiences (Knowles, 1988).  

Assumptions 

The first assumption of andragogy is self-concept (Knowles, 1988). Knowles believes 

that as the child learner transitions to adulthood, they become more independent and self-directed 

in their learning (Knowles, 1988). Adult learners are motivated to learn and seek out learning 

opportunities that benefit them. The second assumption states the adult learner draws from past 

experiences to bring those experiences to the learning environment. Educators should be aware 

that those experiences may benefit the learning environment but may also cause bias. The third 

assumption is the readiness to learn. Adults are motivated to learn when the information is 
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related to the development of their social roles. Adults can be presented with new knowledge, 

but they may not utilize the information if they do not perceive the new knowledge’s value. The 

fourth assumption is that adult learners need to apply new knowledge. Adults have a desire to 

use new knowledge to solve current real-world problems. There is a shift from acquiring the 

knowledge they will apply in the future to acquiring knowledge available to use immediately. 

The last assumption is the adult learner’s motivation to learn. External factors may influence the 

adult learner; however, most motivation is intrinsic. 

In the ALT, the learner is responsible for their learning, focusing on the learner’s 

feelings. Knowles believes adult learners have diverse backgrounds and vast knowledge to bring 

to the education environment. The adult learner desires to understand why learning is necessary 

and is highly motivated to learn real-world benefits (Knowles, 1990). The ALT has been used to 

study adult learning and create educational training programs for nurses, physician assistants, 

and medical students (Heydari et al., 2019; Lee & Daugherty, 2016; Lewis & Thompson et al., 

2017).  

Application to Practice 

The concept of andragogy consists of principles that contribute to adult learners’ 

successful learning and continuing education (Nguyen et al., 2016). This concept is essential in 

the application of this QI project. The assumptions presented in the ALT served as a framework 

to guide the education of anesthesia providers. Anesthesia providers in this project practiced 

Knowles’s first assumption of self-directed learning via the live MMA training. Anesthesia 

providers completed a pre-survey assessment, a live MMA training, and a post-survey 

assessment. All anesthesia providers participating in this QI project displayed the ALTs second 
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assumption of experience. Anesthesia providers participating in this project brought their past 

experiences, exposure, and bias regarding the use of MMA to manage postoperative pain. These 

past experiences may serve as an added motivation to increase their MMA knowledge and 

willingness to use. Conversely, biases the providers bring from past negative experiences with 

MMA techniques or MMA agents may be a barrier to their willingness to implement MMA into 

their practice. 

All anesthesia providers participating in this project displayed the third assumption of 

readiness to learn. The information obtained within the MMA training is related to developing 

the anesthesia provider's clinical practice. One of the primary responsibilities of anesthesia 

providers is to provide analgesia to their patients. The literature review conducted by the PI 

highlights MMA can be used to improve the management of postoperative pain while decreasing 

the detrimental effects of opioid usage (Li & Chen, 2019; Xu et al., 2018). Therefore, anesthesia 

providers need to perceive the knowledge obtained within the MMA training as valuable to their 

practice. If not, this perception may inhibit their willingness to use the information within the 

training. 

Following completion of the MMA training, anesthesia providers will have the 

opportunity to apply their new knowledge. Using new knowledge is the fourth assumption, and 

following the MMA training, anesthesia providers will have an increased willingness to apply 

their knowledge to manage postoperative pain. After completing the MMA training, anesthesia 

providers completed a post-survey to assess their MMA knowledge, willingness to use MMA, 

and potential barriers. One of the project’s aims is that following MMA education, anesthesia 

providers will have an increased willingness to apply the new MMA knowledge in their clinical 
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practice. The ALTs final assumption is the motivation to learn. Anesthesia providers’ motivation 

to learn will directly impact their reception to the MMA training and willingness to use MMA 

techniques in clinical practice. 

The MMA training provided to the anesthesia providers can positively influence their 

education and clinical practice. Core andragogy principles include adult learners' desire to 

understand the need for learning and the real-life benefits of learning. The PI provided anesthesia 

providers participating in this QI project with detailed information on the state of the current 

opioid epidemic, anesthesia providers’ role in the opioid epidemic, adverse effects of opioid 

misuse, MMA techniques, and the benefits of MMA. In addition, the PI aimed to use principles 

of andragogy to increase anesthesia providers’ MMA knowledge and willingness to use. 

Literature Synthesis 

Literature Search Description 

The starting point for the literature review is the PICO question of, “Does providing 

multimodal analgesia education for anesthesia providers increase knowledge and willingness to 

use multimodal analgesia in clinical practice?” The PI conducted a comprehensive review of the 

literature to identify EBP MMA techniques. A comprehensive literature review was conducted 

utilizing the University of Arizona’s online library. Before the literature review, the principal 

investigator identified search strategies, inclusion, and exclusion criteria. The inclusion criteria 

included studies with adult participants only, written in English, studies conducted within the last 

five years, and MMA used in the perioperative setting. The exclusion criteria included 

inconclusive results, case reports, and opinion reviews. The databases explored included PubMed 
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and the Cochrane Database of Systematic Reviews to search for articles relevant to the PICO 

question (Figure 1).  

Figure 1 

The Adult Learning Theory Assumptions Applied to CE MMA 

 

During the literature review on PubMed, search terms utilized included “multimodal” and 

“postoperative pain.” Search filters were applied to narrow literature published within the last 
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five years, full text written in English, and systematic reviews. The sampling strategy yielded 

339 results. Of the 339 results, 16 articles were chosen for appraisal based on sample size and 

level of evidence, including nine randomized controlled trials and seven systematic reviews. The 

Cochrane Database of Systematic Reviews was searched utilizing the exact keywords and 

yielded nine results, with none of the results relevant to the PICO question (Appendix G). 

Continuing Education  

Continuing education (CE) promotes education to establish, maintain, and increase 

knowledge (Al-Ansar & Nazir, 2018). CE helps healthcare professionals improve performance 

and skills to serve their profession and patients (Ansar & Nazir, 2018; Hartley et al., 2019). 

There is no consensus on the best way to deliver CE interventions. Several modalities provide 

CE, such as presentation, simulation, online learning, webinars, lectures, and group seminars. CE 

is proven to increase healthcare professionals’ knowledge and change practice behavior (Al-

Ansar & Nazir, 2018; Thai et al., 2020). Regulatory and professional agencies mandate CE to 

maintain the profession’s standards and skills (Hartley et al., 2019). CE activities are associated 

with positive outcomes, such as increased nurse retention, resiliency, and improved patient 

outcomes (Lim et al., 2019). Researchers suggest using EBP and conforming CE to local needs 

to improve training success (Hartley et al., 2019). 

In Lim et al. (2019), researchers examined CE’s use to determine whether it could 

increase physician and nurse’s diabetes knowledge and affect clinical practices. The researchers 

provided participants with a CE diabetes course consisting of 50 hours of self-directed online 

learning and 48 hours of in-person classroom learning (Lim et al., 2019). The study utilized a 

four-group design with two intervention groups consisting of 39 total participants and two 
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control groups with 38 participants. The first intervention group received the CE training, a 

pretest, and a posttest. The second intervention group received the CE training and only a 

posttest. The first control group received no training, a pretest, and a posttest. The second control 

group received no training and only a posttest. The study results demonstrated significant 

improvement in participants’ diabetes knowledge and skill (Lim et al., 2019). However, the 

study noted no conclusion regarding changing participants’ attitudes toward diabetes. The 

researchers found that by providing physicians and nurses with online CE training and utilizing a 

pretest and posttest, there was an increase in knowledge and transfer of knowledge to skills used 

in the clinical setting (Lim et al., 2019).  

Preemptive MMA 

Preemptive analgesia treats pain before the onset of a painful stimulus (Kim et al., 2015). 

Preemptive analgesia is a concept of acute pain based on central sensitization (Kim et al., 2015). 

Central sensitization amplifies noxious stimuli by the central nervous system, causing heightened 

pain perception at injured and uninjured tissue (Kim et al., 2015). Kim et al. (2015) investigated 

preemptive MMA effects on decreasing postoperative pain in lumbar fusion surgery patients. 

The investigator’s study included 80 patients, of which 40 patients received preemptive MMA 

analgesia, including celecoxib 200mg, pregabalin 75mg, acetaminophen 500mg, and extended-

release oxycodone 10mg at least one hour before surgery and twice daily after surgery (Kim et 

al., 2015). The control group received postoperative morphine for pain management. The 

preemptive MMA group exhibited lower visual analog scale (VAS) and Oswestry disability 

index scores at all time points postoperatively. One notable limitation of this study is the authors 
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noted all groups could receive IV morphine as needed but did not state how much breakthrough 

morphine was needed postoperatively between both groups. 

Acetaminophen is a nonsteroidal anti-inflammatory drug that exerts its action by 

selectively inhibiting cyclooxygenase in the brain resulting in its antipyretic and analgesic effects 

(Sun et al., 2017). Sun et al. (2017) investigated the impact of preemptive intravenous (IV) and 

oral acetaminophen on reducing pain VAS and narcotic consumption in patients undergoing total 

hip and knee arthroplasty. The investigators found 1g IV or oral acetaminophen administration 

within one hour before surgery and every six hours for 24 hours postoperatively reduces 

postoperative pain and opioid consumption (Sun et al., 2017). However, when IV or oral 

acetaminophen is added to a standard pain regimen, multiple studies cite no or minimal 

difference between the two groups at reducing postoperative pain and opioid consumption 

(Mallama et al., 2021; Politi et al., 2017; Sun et al., 2017). Wasserman et al. (2018) compared 

the effects of IV versus oral acetaminophen in 181,640 patients undergoing open colectomies. 

The investigators found oral acetaminophen demonstrated a 22.6% decrease in opioid 

consumption, compared to a 12.4% reduction in patients receiving IV acetaminophen 

(Wasserman et al., 2018). The wholesale price of IV acetaminophen is about $45, compared to 

under $1 for oral acetaminophen (Wasserman et al., 2018). Due to the significant price 

difference, many facilities have yet to implement wide usage of IV acetaminophen. These 

findings suggest facilities without access to IV acetaminophen can substitute their preemptive 

analgesia regimen with oral acetaminophen.  
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Intraoperative MMA 

Ketamine acts by non-competitively antagonizing NMDA receptors and partially 

agonizing opiate mu receptors (Brinck et al., 2018). Ketamine’s interaction with these receptors 

provides sedation, analgesia for acute and chronic pain, and reverse opioid tolerance (Brinck et 

al., 2018). Multiple studies cite the use of ketamine perioperatively reduces postoperative 

morphine consumption while decreasing opioid-related side effects, such as postoperative nausea 

and vomiting (Li & Chen, 2019; Xu et al., 2018; Zhang et al., 2018). Ketamine has been 

successfully utilized to decrease postoperative pain in various surgical procedures, including ear 

nose and throat surgery, total knee and hip arthroplasty, anterior cruciate ligament repair, 

mastectomy, open abdominal surgery, and laparoscopic approaches (Brinck et al., 2018). A 

systematic review by Xu et al. (2018) examined 10 RCTs in patients undergoing total hip and 

knee arthroplasty and found ketamine effectively reduced morphine consumption within the first 

24 hours postoperatively while minimizing psychotic and gastrointestinal adverse effects. In a 

similar systematic review by Li and Chen (2019), the authors found comparable results after 

reviewing six randomized controlled trials. The study found ketamine effectively reduced 

postoperative pain and morphine consumption in patients undergoing total knee arthroplasty (Li 

& Chen, 2019). Among both systematic reviews, the dosing for ketamine varied between the 

individual randomized controlled trials reviewed. For example, one study examined a dosing 

regimen of ketamine intravenous bolus of 0.5 mg/kg before incision, followed by a continuous 

infusion of 3-4 mcg/kg/min until emergence (Li & Chen, 2019; Xu et al., 2018). Another dosage 

strategy included a continuous intraoperative infusion of ketamine 3 mcg/kg/min and titrated 1.5 

mcg/kg/min maintained postoperatively (Li & Chen, 2019). All dosing strategies between the 
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articles effectively decreased postoperative morphine consumption and opioid-related side 

effects (Li & Chen, 2019; Xu et al., 2018; Zhang et al., 2018). 

Another popular MMA technique uses a balanced MMA technique utilizing intravenous 

lidocaine and magnesium sulfate to manage postoperative pain. Toleska and Dimitrovski (2019) 

demonstrated the successful use of this opioid-sparing technique in patients undergoing 

laparoscopic cholecystectomy. The investigators enrolled 60 patients, half receiving a balanced 

MMA technique and half receiving a fentanyl-based approach. The MMA group received 

preemptive dexamethasone 0.1 mg/kg and IV acetaminophen 1 g preoperatively (Toleska & 

Dimitrovski, 2019). Following tracheal intubation, the MMA group received ketamine 0.5 mg/kg 

IV bolus, continuous infusions of lidocaine 2 mg/kg/hr., and magnesium sulfate 1.5g/hr. 

(Toleska & Dimitrovski, 2019). In addition, the MMA group received ketoprofen for a VAS 

score of 4-6 and tramadol for a VAS score of 7-10 (Toleska & Dimitrovski, 2019). The 

investigators concluded opioid-free group displayed lower VAS scores at all time points, 

required fewer postoperative opioids, woke up without pain, and decreased nausea and vomiting 

compared to the fentanyl group (Toleska & Dimitrovski, 2019).  

Discussion 

The literature review revealed many studies highlighting the role of MMA in decreasing 

opioid consumption and postoperative pain management. MMA techniques are helpful in various 

surgical procedures, including total hip and knee arthroplasty, laparoscopic, open abdominal, and 

gynecological surgeries (Brinck et al., 2018). MMA techniques are utilized preemptively before 

surgery, immediately before surgical incision, intraoperatively, and postoperatively. Common 

MMA agents found during the literature review included acetaminophen, ketamine, lidocaine, 
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magnesium, and dexamethasone. In addition, several studies highlight MMA techniques’ 

effectiveness in reducing postoperative pain, opioid consumption, and nausea and vomiting (Li 

& Chen, 2019; Xu et al., 2018; Zhang et al., 2018) (Figure 2). 

Strengths of Evidence 

The review of the literature confirmed the prevalence of uncontrolled postoperative pain. 

Poor postoperative pain management leads to an increased incidence of chronic pain and opioid 

use (Mills et al., 2019). The literature review established that MMA techniques effectively 

reduce postoperative pain, reduce opioid requirements, and minimize opioid-related adverse 

effects (Li & Chen, 2019; Xu et al., 2018; Zhang et al., 2018). Several systematic reviews and 

randomized controlled trials demonstrated MMA techniques’ effectiveness in various surgical 

procedures (Brinck et al., 2018; Li & Chen, 2019). The evidence indicates MMA techniques 

targeting different pain receptors are used preemptively, intraoperatively, and postoperatively. 

Weaknesses and Limitations of Evidence 

Several weaknesses and limitations were revealed during the literature review. Most 

studies did not reveal the study participants’ history of substance misuse. More studies are 

needed on patients known to have a tolerance to opioids or a history of substance misuse. 

Another limitation identified is the lack of consistency in the dosing of ketamine when used as 

part of an MMA approach. Ketamine dosing varied drastically between studies. Ketamine bolus 

ranges were 0.25-1 mg/kg and the continuous infusion dosage ranged from 3 mcg/kg/min-120 

mcg/kg/hr. (Li & Chen 2019). Brinck et al. (2018) cited the optimal dosing for ketamine is 

unknown. More research on patients with substance misuse and ideal dosing of MMA is needed. 
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While most studies did control for gender and age, none controlled for ethnicity. Research is 

needed on MMA effectiveness among various ethnic groups. 

Literature Search Flow Diagram 

Figure 2 

Literature Search Flow Diagram 

 

 
PRISMA 2020 flow diagram 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Page et al., 2021) 
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METHODS 

Project Design 

The design is a quality improvement (QI) educational project utilizing a pre- and post-

survey to assess ARMC anesthesia providers’ MMA knowledge and willingness to use MMA 

techniques. This project’s purpose is to increase anesthesia providers’ MMA knowledge and 

willingness to use through a live presentation. The PI created an MMA training after a review of 

the literature and review by project committee. The PI provided anesthesia providers with live 

MMA training via a PowerPoint presentation, collected demographic data, assessed current 

MMA knowledge and utilization, and assessed post-training MMA knowledge and willingness to 

use MMA techniques. 

Model for Implementation 

Quality improvement is a systematic approach to improving patient healthcare delivery 

(AHRQ, 2013). Healthcare organizations have many processes that can be analyzed and 

improved. Through quality improvement (QI), these processes are continuously improved to 

yield better outcomes for healthcare systems and patients (AHRQ, 2013). The Model for 

Improvement (MFI) was developed by the Associates in Process Improvement to facilitate 

quality improvement (Institute for Health Improvement [IHI], n.d.). The MFI is a simple and 

powerful tool healthcare organizations use to improve healthcare processes and enhance patient 

outcomes (Courtlandt, 2009). There are two parts to the MFI. The first part consists of three 

questions to systematically evaluate the problem and brainstorm solutions (IHI, 2020). The 

MFI’s three questions are as follows: What are we trying to accomplish; How will we know 
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whether a change is an improvement; What changes can we make that will result in 

improvement? 

A pre-MMA training survey assessed the anesthesia provider’s knowledge and 

utilization. Immediately following the completion of the MMA training, CRNAs, RRNAs, and 

physician anesthesiologists completed a post-survey assessment to determine if there was an 

increase in MMA knowledge compared to their pre-training survey. The change in this QI 

project is providing anesthesia providers with MMA CE training on current EBP MMA 

techniques.  

Plan-Do-Study-Act (PDSA) Cycle 

The Plan-Do-Study-Act (PDSA) cycle is the second part of the MFI. The PDSA cycle is 

used for the real-world application of small-scale testing of the proposed change (IHI, n.d.). The 

PDSA cycle aids in determining if the change is an improvement. In the plan phase, a plan is 

created for data collection and how the change can be tested. In the do phase of the PDSA, the 

change is tested on a small scale. In the study phase, the data collected is analyzed and compared 

to beginning predictions. Finally, in the act phase, the change is modified based on the test 

results, and preparations are made for future tests (Figure 3). 

Plan 

In the PDSA cycle plan phase, a plan is established to test the proposed change (IHI, 

n.d.). The PI contacted the clinical coordinator CRNA at the implementation site to assess the 

need for an MMA quality improvement (QI) project. The clinical coordinator expressed an 

interest in the project idea and acknowledged the project’s benefit to anesthesia providers and the 

patients at his facility. The PI then consulted with the chief CRNA and clinical coordinator to 
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discuss the QI’s outline, including the content included in the MMA training. Following this 

meeting, the PI conducted a literature search to provide current EBP MMA education in the CE 

training. Then, an MMA training presentation was created utilizing the material found in the 

literature search. After completing the MMA presentation, the PI designed the pre- and post-

survey instruments. The MMA training presentation and survey instruments were then tested and 

reviewed by two current practicing CRNAs for accuracy and errors. Following testing of the 

material, the PI met with the clinical coordinator to discuss specifics for project implementation. 

Do 

In the third phase of the PDSA, the pre-survey was administered to the voluntary 

participants. The MMA PowerPoint presentation was presented, followed by the administration 

of the post-survey. The data was collected, analyzed, and compared to beginning predictions 

(IHI, n.d.). Data collected from the pre- and post-survey assessment was analyzed to determine if 

the QI project’s aims and objectives were met. The data collected included demographic 

information, pre-survey MMA education knowledge, pre-survey MMA utilization, post-surveys 

MMA knowledge, and post-surveys MMA willingness to use. After reviewing the data, the PI 

met with project committee members to discuss and reflect on the study findings. 

Study 

In the third phase of the PDSA, data were collected, analyzed, and compared to 

beginning predictions (IHI, n.d.). Data collected from the pre- and post-survey assessment were 

analyzed to determine if the quality improvement project's aims and objectives were met. The 

data collected included demographic information, pre-survey MMA education knowledge, pre-

survey MMA utilization, post-surveys MMA knowledge, and post-surveys MMA willingness to 
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use. After reviewing the data, the PI met with project committee members to discuss and reflect 

on the study findings.  

Act 

In the final phase of the PDSA, the change was examined and modified based on the data 

collected (IHI, n.d.). The post-survey instrument results were reviewed to determine if providing 

anesthesia providers with MMA training increased knowledge and willingness to use it in 

clinical practice. The project results determined there was a statistically significant increase in 

anesthesia providers’ MMA knowledge. Therefore, plans were made with clinical coordinator to 

continue MMA training as part of the site’s weekly journal club. If the PI’s quality improvement 

(QI) were unsuccessful at accomplishing its aims, the PI would discuss how to improve the 

change to yield the desired results with the project team. 

Figure 3 

The Model for Improvement 

 
(Adapted from Model for Improvement, by the Institute for Healthcare Improvement, retrieved from 
http://www.ihi.org/resources/Pages/HowtoImprove/default.aspx, Copyright 2019) 
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What are we trying to accomplish? 

• Increase anesthesia providers’ 
MMA knowledge and utilization 

Measurement 
How will we know that a change is an 

improvement? 

• Pre- and post-survey instrument to assess 
anesthesia providers’ MMA knowledge 
and utilization 

Change 
What change can we make that will result in improvement? 

• Providing anesthesia providers with live MMA 
training on current EBP MMA techniques 
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Do
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Setting and Stakeholders 

The implementation site is a level II trauma hospital in San Bernardino County, 

California. San Bernardino County has a population of 2.2 million and is the largest geographical 

county in the US (Neeki et al., 2020). The median household income in San Bernardino County 

is $63,362, and 13.3% live at or below the poverty line (Census, 2019). The anesthesia services 

are provided by CRNAs, physician anesthesiologists, and RRNAs. 

Key stakeholders for this QI project include the facility’s clinical coordinator, chief 

CRNA, CRNAs, physician anesthesiologists, RRNAs, patients and their families, the greater 

community, and surgeons. The anesthesia providers are the primary stakeholders who received 

the MMA training. Buy-in from the anesthesia providers is integral for the success of this 

project. According to Jones et al. (2019), it is essential to map out the key stakeholders involved 

at the beginning of a QI project. PIs must build positive relationships with stakeholders to 

increase the QI project’s buy-in and overall success (Jones et al., 2019). 

Over the PI’s nine-month clinical rotation, solid relationships and rapport developed with 

all anesthesia providers and supporting staff. This relationship-building aided in the anesthesia 

providers’ recruitment, retention, and compliance to participate and complete the study. 

Anesthesia providers participating in the project may benefit from learning EBP MMA 

techniques to improve postoperative pain management and limit the adverse effects of increased 

opioid use. Potential barriers anesthesia providers faced while participating in this project 

included time commitment, lack of interest, lack of access to MMA drugs, and lack of MMA 

knowledge. 
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Planning the Intervention 

The project’s implementation began with the PI obtaining permission from the clinical 

coordinator and receiving a copy of all anesthesia providers working on the scheduled 

presentation day. Once approval was obtained, the PI created a recruitment flyer (Appendix C) 

with a brief description of the project and how to participate. In addition to the recruitment flyer, 

the PI spoke to anesthesia providers during the morning staff meeting for two weeks, 

encouraging participation. The PI also posted the recruitment flyer (Appendix C) in the staff 

breakroom, the CRNAs shared offices, and the anesthesia classroom/RRNA workroom. During 

the staff meetings, the PI was available to discuss any questions posted by the anesthesia staff. In 

addition, the flyer contained information on how to participate in the project. 

On the presentation day, all participants were given red and blue packets when entering 

the meeting room. The red packets included a disclosure form (Appendix B) and a 14-question 

pre-survey that includes demographic questions and an MMA assessment (Appendix D). The 

blue packets included a 11-question post-MMA survey. The packets were labeled with unique 

identification numbers to maintain anonymity and confidentiality. Red packet identification 

numbers were 1A, 2A, 3A, etc., and blue packet identification numbers were 1B, 2B, 3B, etc. 

Before completing the survey, all participants were required to read the disclosure form 

(Appendix B). Participants were directed to complete the 14-question pre-survey and MMA 

assessment. Upon completing the survey, participants were instructed to keep the disclosure 

form, put the pre-survey back in the red packet, and put it to the side. Anesthesia providers were 

presented with the live MMA presentation (Appendix E). 
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The live presentation consisted of a PowerPoint presentation with various MMA 

techniques obtained from the literature review (Appendix E). The MMA education included 

recommendations for preemptive, perioperative, and postoperative MMA techniques to improve 

postoperative pain management. The MMA training also reviewed current opioid use and the 

detrimental effects when used in abundance throughout the perioperative setting. MMA 

techniques included ketamine, dexmedetomidine, acetaminophen, magnesium, lidocaine, and 

other MMA agents to control perioperative pain. The PowerPoint content was reviewed by two 

practicing CRNAs and project committee to ensure accuracy and relevancy to clinical practice.  

Immediately following the live MMA presentation, anesthesia providers were instructed 

to open their blue packets and complete the 11-question post-survey. After completing the 

survey, anesthesia providers submitted both folders to a designated location on a nearby desk and 

receive a $5 Starbucks gift card for their time. Starbucks gift cards were funded and purchased 

by the PI. 

Participants and Recruitment 

Participation was open to CRNAs, physician anesthesiologists, and RRNAs at the 

implementation site. Participants included English-speaking adults, males, and females all over 

18 years old. The implementation site has 11 full-time CRNAs and four per diem CRNAs. There 

are seven full-time physician anesthesiologists and three per diem. There are 11 RRNAs working 

on a usual weekday. The recruitment goal was to obtain at least 75% participation from the 24 

anesthesia providers working on the presentation day (18 participants). The decision was made to 

include all anesthesia providers, including RRNAs, as the RRNAs have input in the anesthetic 

care plan for the patients at the implementation site and often work autonomously. During 
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weekly staff meetings leading up to the presentation, the PI notified staff of the upcoming MMA 

presentation. In addition, the PI posted flyers in the staff breakroom, CRNA offices, and the 

RRNA workroom. Participants who completed the instrument, including the pre- and post-

surveys, received a one-time $5 Starbucks gift card for their time. The gift card was distributed 

after the submission of both packets. 

Consent and Ethical Considerations 

Participants were presented with a disclosure form (Appendix B) before the MMA 

presentation (Appendix E). By reading the disclosure form (Appendix B) and continuing to the 

pre-survey (Appendix D), participants acknowledged they read the disclosure form in its entirety 

and consented to all portions of the disclosure form and participation in the project. All 

participant data collected were stored securely in a locked desk with only the PI having the key. 

Electronic data were stored securely on an encrypted flash drive and locked in a secure cabinet 

only the PI can access. Participation in the quality improvement project remained confidential, 

and participants were assigned a unique identification number located within their packets. 

Timeline 

A timeline (Appendix F) was created to track the QI project progression. On April 29, 

2021, the project proposal was sent to the project chair. After the MMA PowerPoint was created, 

it was sent to two practicing CRNAs unrelated to the implementation site for review. On May 26, 

2021, the PI obtained the implementation site authorization letter. July 14, 2021, project defense 

presentation given to the committee. Following the project defense and committee approval, 

revisions were made. Following revisions, the project was submitted to the College of Nursing 

(CON) Research Committee. After receiving the CON recommendations, modifications were 



 

 
37 

made. The project was approved as a non-human study QI project. On August 11, 2021, the live 

MMA presentation was presented at the implementation site. From August 13 to August 27, 

2021, the data were collected and analyzed. 

Data Collection 

Data were collected from the pre- and post-surveys (Appendix D). The participants were 

given a unique identification number to ensure anonymity and confidentiality, with only the PI 

having access to the data collected. The PI created the surveys (Appendix D) and was reviewed 

by two practicing CRNAs. The surveys (Appendix D) included demographic data, MMA 

knowledge assessment questions, questions to assess MMA utilization, and willingness to use 

MMA. Question formats included true or false, multiple-choice, confidence scale, and a 5-point 

Likert scale. Likert scales are the most used survey instrument to measure participants' opinions, 

behaviors, and attitudes (Louangrath & Sutanapong, 2018). Likert scales are a good measure of 

interrater reliability as they allow participants’ responses to be measured consistently (O’Neill, 

2017). Likert scale interrater reliability is essential to ensure consistency and minimize bias 

between participants (O’Neill, 2017). The PI created one unvalidated question to assess 

confidence based on Grundy’s confidence scale questions. Grundy’s confidence scale questions 

are proven to have a high degree of reliability and validity when used to assess nurses’ 

confidence in performing a skill (Grundy, 1993). The confidence scale question was scored on a 

Likert scale. 

The pre-survey included demographic data, such as the highest academic degree and 

work experience. The pre-survey also had questions on current MMA utilization, MMA 

utilization phase, and routine MMA use (Appendix D). After completing this quality 
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improvement project, all materials and data collected were securely stored electronically at the 

University of Arizona in the College of Nursing’s secure cloud for six years. 

Data Analysis 

The PI exported the data collected from the pre- and post-survey instruments (Appendix 

D) to IBM SPSS Statistics (Version 26) for analysis. The pre- and post-survey data were 

analyzed utilizing descriptive quantitative and qualitative analysis. The categorical data were 

analyzed as frequencies using percentages. The ordinal data, yes/no, and multiple-choice 

questions in the assessment portion of the survey (Appendix D) were presented as a bar chart. 

Participant responses regarding work experience, current use of MMA, perioperative stage 

MMA, and MMA frequency were analyzed using mean. The PI examined open-ended questions 

in the post-survey for emerging themes, patterns, and potential barriers to MMA use. 

The multiple-choice questions in the MMA assessment were scored with a “1” for the 

correct selection and a “0” for incorrect responses. The percentage of correct answers were 

calculated for each respondent. The pre- and post-survey assessment results were compared 

using paired t-tests, identifying the mean, standard deviation, and p value (p < 0.05). to 

determine significance between surveys. 

RESULTS 

Sample Size and Demographics 

Following the MMA presentation, the pre- and post-surveys were distributed and 

collected by the PI. Eighteen total anesthesia providers were present for the presentation, and all 

completed the pre- and post-surveys. The anesthesia provider breakdown included 66.7% 

RRNAs (n=12), 33.3% CRNAs (n=6), and 0% physician anesthesiologists [n=0] (Table 1). The 
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average years of anesthesia practice experience among CRNAs were 3.2 ± 1.6 (Table 1). All 

RRNAs had bachelor’s degrees (66.7%), five CRNAs had master’s degrees (27.8%), and one 

CRNA had a doctoral degree (5.5%) (Figure 4). 

Table 1 

Years in Practice 

Provider Type N (Number of 
Participants) 

Mean Years in 
Practice 

Standard Deviation 
(SD) 

CRNA 6 3.2 1.6 
RRNA 12 - - 
Physician/Anesthesiologist 0 - - 

Figure 4 

Highest Degree Achieved  

 

Current MMA Use and Frequency 

The pre-survey included three questions regarding MMA usage before the training. In 

pre-survey question 3, 88.9% (n=16) of anesthesia providers reported utilizing MMA in the 

intraoperative setting, 5.5% (n=1) reported MMA in the preoperative setting, and 5.5% (n=1) 

reported using MMA in the postoperative setting (Figure 5). Pre-survey question 4 assessed how 

often anesthesia providers utilize MMA. The responses included “Never,” “Rarely,” 
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“Sometimes,” “Often,” and “Always.” Eleven (61.1%) anesthesia providers responded 

“Sometimes,” two (11.1%) responded “Rarely,” and five (27.8%) responded “Often” (Figure 6).  

Figure 5 

Phase of MMA Utilization 

 

Figure 6 

Frequency of MMA Utilization 

 

MMA Assessment 

Questions 7-14 on the pre-survey were identical to questions 1-8 on the post-survey. Pre-

survey question 7 (post-survey question one) assessed knowledge of intraoperative acute 

tolerance. Pre-survey question 8 (post-survey question 2) assessed knowledge of acetaminophen 

dose to reduce postoperative pain. Pre-survey question 9 (post-survey question 3) assessed the 

benefits of MMA. Pre-survey question 10 (post-survey question 4) assessed the dose and timing 
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of preoperative ketamine for MMA. Pre-survey question 11 (post-survey question 5) assessed the 

dose and timing of oral acetaminophen before surgery for MMA. Pre-survey question 12 (post-

survey question 6) assessed magnesium sulfate mechanism of action. Pre-survey question 13 

(post-survey question 7) assessed knowledge of MMA adjuncts and dosage. Pre-survey question 

14 (post-survey question 8) assessed knowledge of dexmedetomidine dosage. 

The pre-survey and post-survey each contained eight questions. The providers were given 

a score of “1” for each correct answer and “0” for an incorrect answer. The maximum score for 

each survey was “8,” and the minimum score attainable was “0.” Table 2 displays the mean 

scores for CRNAs and RRNAs. The CRNA providers answered an average of 77.5% correct on 

the pre-survey and 96.2% correct on the post-survey. The RRNA providers answered an average 

of 72.5% correct on the pre-survey and 83.8% correct on the post-survey. 

A paired t-test was performed on the CRNAs pre-survey and post-survey. When 

comparing CRNA’s pre-survey and post-survey mean, the increase in CRNAs scores after the 

MMA training was statistically significant (p < 0.05). Likewise, when comparing the RRNA’s 

pre-survey and post-survey mean, the increase in RRNA’s scores after the MMA training was 

statistically significant (p < 0.05). 

The pre- and post-survey correct responses were analyzed to assess how providers scored 

on individual questions (Figure 7). Providers’ scores increased in all questions except for the 

question regarding MMA adjuncts dosage and dexmedetomidine dosage. On the pre-survey 

question on MMA adjuncts dosage, 94.4% (n=17) of providers answered correctly and 5.6% 

(n=1) answered incorrectly. Conversely, on the post-survey, only 83.3%(n=15) of providers 

answered the same question correctly and 16.6% (n=3) answered incorrectly. Only the question 
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regarding acetaminophen timing showed a statistically significant increase in pre- versus post-

survey response (p < 0.05). The providers answered the question regarding dexmedetomidine 

dosage correctly on both surveys.  

Figure 7 

Pre- and Post-Survey Correct Responses 

 

Table 2 

Pre- and Post-Survey Mean Scores 

Type of 
Provider 

Pre-Survey Mean 
(min, max) 

Post-Survey Mean 
(min, max) 

Number of 
Participants 

p 
value 

CRNA 6.2 (min 6, max 8) 7.7 (min 7, max 8) 6 0.017 
RRNA 5.8 (min 3, max 8) 6.7 (min 5, max 8) 12 0.014 
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Quite confident Extremely confident

MMA Use Confidence 

The anesthesia provider’s confidence in utilizing MMA was assessed through question 6 

on the pre-survey and reassessed after the MMA presentation through question 9 on the post-

survey. Before the MMA training, one anesthesia provider responded, “not at all confident,” 

eight responded “slightly confident,” six responded “somewhat confident,” two responded “quite 

confident,” and one responded, “extremely confident” (Figure 8). Following the MMA training, 

seven anesthesia providers assessed their confidence in utilizing MMA as “somewhat confident,” 

seven as “quite confident,” and four as “extremely confident” (Figure 8).  

Figure 8 

Pre- and Post-Survey Confidence in Utilizing MMA  

 

 

 
 
  
 
 
 

 

 

Future MMA Use and Potential Barriers 

In question 10 on the MMA post-survey, anesthesia providers were asked if they would 

consider MMA use in their practice after the presentation. The anesthesia providers responded, 

94.4% (n=17) “yes,” and 5.6% (n=1) “no” (Figure 9). Potential barriers to utilizing MMA at the 

practice site were assessed through question 11 on the post-survey. The responses included “lack 
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of access to MMA drugs,” “lack of MMA knowledge,” “lack of confidence in utilizing MMA,” 

and “I do not believe MMA works.” “Lack of access to MMA drugs” was the selection for 

77.8% (n=14) of anesthesia providers, and “lack of confidence in utilizing MMA” was selected 

by 22.2% (n=4) of anesthesia providers (Figure 10).  

Figure 9 

Consideration of MMA Use Post-Survey 

 

Figure 10 

Barriers to MMA Use 
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DISCUSSION 

Summary 

The MMA assessment results suggest that ARMC CRNAs and RRNAs are 

knowledgeable regarding MMA use. However, some knowledge deficits exist. Knowledge gap 

areas included using oral acetaminophen dose and timing in the preoperative setting and oral and 

intravenous acetaminophen dose to reduce postoperative pain. The mean pre-survey correct 

responses percentage for all anesthesia providers was 74%, and the post-survey percentage was 

88%, with a p value of <0.001. Providing ARMC anesthesia providers with MMA education 

significantly increased their MMA knowledge. 

The anesthesia providers displayed a high level of knowledge regarding ketamine dosing 

and timing. A potential anecdotal reason for this is ketamine is the most utilized MMA agent at 

the facility. Additionally, two years ago, the staff received education regarding ketamine through 

a former RRNA’s quality improvement project. 

Following the MMA education, anesthesia providers responded they were more confident 

in utilizing MMA. Most anesthesia providers (94.4%) answered that they would consider using 

MMA after receiving the MMA training. Most ARMC CRNAs and RRNAs (77.8%) selected 

lack of access to MMA drugs followed by lack of confidence in utilizing MMA (22.2%), as the 

most significant barrier to using MMA in their current practice. 

Strengths and Limitations 

The quality improvement (QI) project strength was all RRNAs and CRNAs scheduled to 

work participated (n=18). The study’s sample size of six CRNAs and 12 RRNAs allowed for 

comparing posttest scores following the MMA training for both groups. Another strength of the 
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project was the pretest, intervention, posttest design. This study design allowed for sampling the 

same population without any risk of dropout from participants. All study participants completed 

pre- and post-surveys. The study participants were pleased to receive their $5 gift cards for their 

time for participation and completion of surveys. 

Despite the study’s strengths, there were several limitations noted. First, the study was 

limited to the anesthesia providers working that day. Although advertised weeks in advance 

through flyers, anesthesia providers were not expected to attend the presentation on their off day. 

Another limitation was no physician anesthesiologist attended the MMA training. Four physician 

anesthesiologists were scheduled to work that day but were not present to participate. Potential 

reason for this was they may have felt the presentation was only for RRNAs and CRNAs. 

Physician anesthesiologists are an integral part of the anesthesia care team at ARMC, and their 

participation would add value to the study results. Lastly, the study design of pre- and post-

survey immediately after the MMA presentation does not assess provider long-term MMA 

knowledge or utilization. 

Future Implications 

This quality improvement (QI) project utilized a live MMA PowerPoint presentation to 

educate anesthesia providers on current MMA techniques. The live MMA presentation increased 

the anesthesia providers’ knowledge and willingness to use MMA. The concept of this project, 

acknowledging a knowledge deficit area among anesthesia providers and providing them with a 

live educational presentation, is successful in significantly increasing their knowledge. While 

there was one question assessing provider confidence before and after the MMA training, the 
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question was not validated. Future research using a validated tool, such as Grundy’s confidence 

scale would provide insight on the effect of live MMA training on providers’ confidence. 

This QI project can continuously be updated to include MMA techniques not highlighted 

in the project, such as regional anesthesia. Future research may involve assessing the impact of 

MMA education on actual practice change and to what degree. In addition, future research may 

assess anesthesia providers’ knowledge, confidence, and willingness to use regional anesthesia 

as part of an MMA approach to reduce postoperative pain. This research could significantly 

reduce opioid use, postoperative pain, and the potential for chronic pain syndromes. 

DNP Essentials Addressed 

The DNP essentials are a set of eight fundamental competencies intended to prepare the 

DNP advanced practice nurse for their future role (AACN, 2006). This DNP project utilizes three 

DNP essentials. The first essential encompassed in this project is DNP Essential III: Clinical 

Scholarship and Analytical Methods for Evidence-Based Practice. The PI conducted a literature 

review to examine current evidence-based MMA techniques. The PI used the literature review to 

create a training program to support the project’s purpose. The second essential utilized in this 

project was DNP Essential IV: Information Systems/Technology and Patient Care Technology 

for the Improvement and Transformation of Health Care. DNP Essential IV calls for the use of 

technology to support patient care. This project encompassed this essential using an electronic 

PowerPoint presentation for the MMA training program and IBM SPSS Statistics (Version 26) 

for data analysis. This project’s last essential was DNP Essential VII: Clinical Prevention and 

Population Health. DNP Essential VII calls for clinical prevention to promote health and 

wellness (AACN, 2006). This project sought to increase provider knowledge and use of MMA to 



 

 
48 

reduce perioperative opioid use. Reducing perioperative opioids is the primary tool for 

anesthesia providers in combating the opioid epidemic. 

Conclusions 

The opioid crisis has placed an emphasis on providers to examine their role in reducing 

the potential for opioid misuse. Anesthesia providers play a significant role in the opioid crisis by 

introducing their patients to opioids and managing postoperative pain. MMA is proven to 

decrease postoperative pain scores and minimize perioperative opioid use (Li & Chen, 2019; Xu 

et al., 2018). Although, knowledge deficit areas exist, the study demonstrated that anesthesia 

providers have a good baseline knowledge of MMA. Furthermore, providing them with live 

MMA education increases MMA knowledge and willingness to use MMA. However, potential 

barriers remain in MMA utilization, such as lack of access to MMA drugs, institution culture 

against MMA use, and lack of confidence in utilizing MMA. 

Plan for Dissemination 

The QI project will be presented via a poster at the Arizona Association of Nurse 

Anesthetists Sun & Fun 2022 conference. The event will be held on March 17-20, 2022 and will 

be attended by CRNAs and RRNAs from across the country. 
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BOARD APPROVAL LETTER 

 



 

 
50 

  



 

 
51 

 



 

 
52 

APPENDIX B: 

CONSENT DOCUMENT (DISCLOSURE AND CONSENT FORM) 
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Multimodal Analgesia: An Evidence-Based Practice Project for Anesthesia Providers for 
the Management of Postoperative Pain 

 
Principal Investigator: James Gibson, BSN, RN, DNP Candidate 
 
The purpose of this evidence-based practice project is to provide anesthesia providers with 
multimodal analgesia (MMA) via live presentation to improve MMA knowledge and willingness 
to use MMA techniques.  
 
If you choose to participate in this project, you will be asked to complete several surveys created 
to obtain demographic data and assess MMA knowledge and willingness to use MMA 
techniques. You will also be asked to attend a live presentation based on current evidence-based 
MMA techniques. It will take approximately 5-10 minutes to complete each survey. The MMA 
presentation will be about 10-15 minutes. The implementation phase of this project is one week. 
The total time commitment for participants is expected to be 30-35 minutes. There are no 
expected risks to you as a result of participating in this study. You will not benefit directly from 
participating in this study. You will receive a $5 electronic Starbucks gift card for your time 
commitment to participating in this study. The only cost to you is your time. 
 
Participant's confidentiality will be maintained throughout the course of this doctoral project. All 
participants will be assigned a random unique identification number to maintain anonymity. All 
data collected will be stored securely with only the principal investigator having access to the 
information. The information that you give in the study will be anonymous. Your name will not 
be collected or linked to your answers. All data obtained will be kept confidential and 
anonymous. 
 
If you choose to participate in the study, participation is voluntary; refusal to participate will 
involve no penalty or loss of benefits to which you are otherwise entitled. You may withdraw at 
any time from the study. In addition, you may skip any question that you choose not to answer. 
By participating, you do not give up any personal legal rights you may have as a participant in 
this study.  
 
The information that you provide in the study will be handled confidentially. 
 
For questions, concerns, or complaints about the study, you may contact: 
James Gibson, BSN, RN 
DNP-NA Candidate 
310-567-6320 
jamesgibson@email.arizona.edu 
 
You agree to have your responses used for this project. 

 

mailto:jamesgibson@email.arizona.edu
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APPENDIX C: 

RECRUITMENT MATERIAL (RECRUITMENT FLYER) 
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APPENDIX D: 

EVALUATION INSTRUMENTS (MULTIMODAL ANALGESIA PRE- AND POST-

SURVEYS AND DEMOGRAPHIC INFORMATION) 
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Multimodal Analgesia Pre-Survey 

Demographic Information: 
 
1. What is your highest academic degree received? 

a. bachelor's degree 
b. master's degree 
c. Doctorate (MD, DO, PhD, DNP, DNAP, DNS, etc.) 
d. Prefer not to disclose 

 
2. Current work experience: 

a. 1-3 years 
b. 4-7 years 
c. 8-10 years 
d. 11-20 years 
e. >20 years 
f. Prefer not to disclose 

 
3. In what phase of the perioperative setting do you utilize multimodal analgesia techniques? 

a. Preoperative (Preemptive analgesia) 
b. Intraoperative 
c. Postoperative 
d. I do not use multimodal analgesia 

 
4. How often do you utilize multimodal analgesia in your clinical practice? 

1. Never 
2. Rarely 
3. Sometimes 
4. Often 
5. Always 

 
5. If you answered "Never" or “Rarely” to question 4, what is your reason why you do not use 

multimodal analgesia? 
a. I do not believe multimodal analgesia works 
b. Lack of multimodal analgesia education 
c. Unable to implement multimodal analgesia at my practice site 
d. Other 
e. N/A I answered did not answer "Never" or “Rarely” to question 4 

 
6. How confident are you in utilizing multimodal analgesia techniques? 

1. Not at all confident 
2. Slightly confident 
3. Somewhat confident 
4. Quite confident 
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5. Extremely confident 
 
Assessment: 
 
7. The more opioids used intraoperatively, the more opioids required postoperatively to manage 

postoperative pain. 
a. True 
b. False 

 
8. Intravenous or oral acetaminophen _____ reduces postoperative pain scores and decreases 

opioid consumption by as much as 30% when added to a postoperative pain regimen. 
a. 325 mg 
b. 500 mg 
c. 625 mg 
d. 1000 mg 

 
9. Multimodal analgesia benefits include all the following, EXCEPT: 

a. Reduced postoperative opioid consumption 
b. Decreased postoperative pain scores 
c. Potentiates opioid-induced hyperalgesia 
d. Decreased opioid-related side effects 

 
10. What is the dose and timing of administration for ketamine as a multimodal analgesia adjunct 

perioperatively? 
a. 0.2-0.5mg/kg bolus prior to incision 
b. 0.2-0.5mg/kg bolus after incision 
c. 1-2mg/kg bolus prior to incision 
d. 1-2mg/kg bolus after incision 

 
11. What is the dose and timing of administration for preemptive multimodal modal analgesia of 

oral acetaminophen? 
a. 650mg within 2 hours of surgery 
b. 1gm within 60 minutes of surgery 
c. 1gm within 2 hours of surgery 
d. 650mg within 60 minutes of surgery 

 
12. Magnesium sulfate a ________, administered at 1-2gm/hr. as part of a multimodal regimen, 

decreases postoperative opioid consumption and opioid-related side effects. 
a. Calcium channel blocker 
b. NMDA receptor antagonist 
c. Sodium channel blocker 
d. Mu receptor agonist 
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13. All of the following are adjuncts in multimodal analgesia, EXCEPT: 
a. Lidocaine 1-1.5mg/kg bolus 
b. Magnesium 1.5mg/hr. 
c. Dexamethasone 0.1mg/kg 
d. Gabapentin 300mg 
e. Calcium chloride 500mg 

 
14. Dexmedetomidine, a selective alpha-2 agonist, is proven to decrease opioid consumption, 

pain intensity and prevent opioid-induced hyperalgesia at what dosage? 
a. 1mcg/kg bolus, continuous infusion 0.7mg/kg/hr. 
b. 1mg/kg bolus, continuous infusion 0.7mcg/kg/min 
c. 1mcg/kg bolus, continuous infusion 0.7mcg/kg/hr. 
d. 1mg/kg bolus, continuous infusion 0.7mcg/kg/min 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thank you for participating in this doctoral clinical project. Completion of this survey implies 
your consent to participate. Participation in this project is voluntary. Your information and 
submission will remain anonymous. You may elect to withdraw from participation at any time. 
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Multimodal Analgesia Post-Survey 

1. The more opioids used intraoperatively, the more opioids required postoperatively to manage 
postoperative pain. 
a. True 
b. False 

 
2. Intravenous or oral acetaminophen _____ reduces postoperative pain scores and decreases 

opioid consumption by as much as 30% when added to a postoperative pain regimen. 
a. 325 mg 
b. 500 mg 
c. 625 mg 
d. 1000 mg 

 
3. Multimodal analgesia benefits include all the following, EXCEPT: 

a. Reduced postoperative opioid consumption 
b. Decreased postoperative pain scores 
c. Potentiates opioid-induced hyperalgesia 
d. Decreased opioid-related side effects 

 
4. What is the dose and timing of administration for ketamine as a multimodal analgesia adjunct 

perioperatively? 
a. 0.2-0.5mg/kg bolus prior to incision 
b. 0.2-0.5mg/kg bolus after incision 
c. 1-2mg/kg bolus prior to incision 
d. 1-2mg/kg bolus after incision 

 
5. What is the dose and timing of administration for preemptive multimodal modal analgesia of 

oral acetaminophen? 
a. 650mg within 2 hours of surgery 
b. 1gm within 60 minutes of surgery 
c. 1gm within 2 hours of surgery 
d. 650mg within 60 minutes of surgery 

 
6. Magnesium sulfate a ________, administered at 1-2gm/hr. as part of a multimodal regimen, 

decreases postoperative opioid consumption and opioid-related side effects. 
a. Calcium channel blocker 
b. NMDA receptor antagonist 
c. Sodium channel blocker 
d. Mu receptor agonist 

 
7. All the following are adjuncts in multimodal analgesia, EXCEPT: 

a. Lidocaine 1-1.5mg/kg bolus 
b. Magnesium 1.5mg/hr. 
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c. Dexamethasone 0.1mg/kg 
d. Gabapentin 300mg 
e. Calcium chloride 500mg 

 
8. Dexmedetomidine, a selective alpha-2 agonist, is proven to decrease opioid consumption, 

pain intensity and prevent opioid-induced hyperalgesia at what dosage? 
a. 1mcg/kg bolus, continuous infusion 0.7mg/kg/hr. 
b. 1mg/kg bolus, continuous infusion 0.7mcg/kg/min 
c. 1mcg/kg bolus, continuous infusion 0.7mcg/kg/hr. 
d. 1mg/kg bolus, continuous infusion 0.7mcg/kg/min 

 
9. After the multimodal analgesia presentation, how confident are you in utilizing multimodal 

analgesia techniques? 
1. Not at all confident 
2. Slightly confident 
3. Somewhat confident 
4. Quite confident 
5. Extremely confident 

 
10. Did the multimodal analgesia education presentation help you consider utilizing multimodal 

analgesia in your future anesthetic plans? 
a. Yes 
b. No 
c. If you answered no, please provide feedback why? 

________________________________________________________________________
________________________________________________________________________ 
________________________________________________________________________ 

 
11. What is the greatest potential barrier to utilizing multimodal analgesia in your clinical 

practice? 
a. Lack of access to MMA drugs 
b. Lack of MMA knowledge 
c. Lack of confidence in utilizing MMA 
d. I do not believe MMA works 

 
 
 
 
 
 
Thank you for participating in this doctoral clinical project. Completion of this survey implies 
your consent to participate. Participation in this project is voluntary. Your information and 
submission will remain anonymous. You may elect to withdraw from participation at any time. 
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APPENDIX E: 

PARTICIPANT MATERIAL (POWERPOINT PRESENTATION) 
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Background and Local Problem

• Opioid misuse is a global 
pandemic

• Anesthesia provider’s role 
in opioid crisis
• Opioid use begets more 

opioids

• Emergence of Multimodal 
Analgesia (MMA)

• Reduces opioid 
requirements and lower 
pain scores

• Decrease opioid related 
side effects
• PONV (high as 70%), 

respiratory depression, 
over sedation, 
postoperative delirium, 
and ileus

• In 2018, 20 million opioid 
prescriptions written in 
California

• 2,428 deaths and 8,832 
emergency room visits 
related to opioids in 
California

• In San Bernardino
• 1.3 million opioid 

prescriptions, 106 opioid -
related deaths, and 466 
opioid -related emergency 
room visits

(Brown et al., 2018; CDPH, 2020; Florence et al., 2018; 
Kim et al., 2015; Neeki et al., 2020, SAMHSA, 2019)

MMA

• What is MMA?
• Analgesic mechanisms of action
• MMA successfully employed for 

many types of surgeries 
• Effects of MMA

• Reduced postoperative opioid 
consumption

• Decreased postoperative pain 
scores

• Prevention of opioid induced 
hyperalgesia

• Decreased opioid related side 
effects

• Early return of GI functio n

(Brown et al., 2018; Chou et al., 2016)
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Literature Review

• Ketamine
• Class: NMDA receptor antagonist
• Indications: Sedation, analgesia, and 

reverse opioid tolerance
• Doses: 0.2-0.5mg/kg bolus (prior to 

incision), with/without 2-5mcg/kg/min
• Results: Ketamine reduces 

postoperative pain scores, postoperative 
morphine consumption, and decreases 
opioid-related side effects

• Acetaminophen
• Class: NSAID, COX -1 & 2 inhibitor
• Indication: Preemptive analgesia, 

analgesia (mild to moderate pain)
• Doses: 1 gram IV or PO (within 60 

min of surgery)
• Results: Reduced postoperative pain 

scores and 12-22% decrease in opioid 
consumption when added to 
postoperative pain regimen

(Brinck et al., 2018; Sun et al., 2017; 
Wasserman et al., 2018)

Literature Review

• Lidocaine, Magnesium, Dexamethasone
• Class: 

• Lidocaine – Amide local anesthetic, sodium channel blocker
• Magnesium – NMDA receptor antagonist
• Dexamethasone – Corticosteroid, inhibit prostaglandin synthesis
• Gabapentin – Gaba-mimetic

• Indication: Perioperative MMA
• Doses: Lidocaine 1 -1.5mg/kg bolus (+/ - continuous 

infusion 1 -2mg/hr), Magnesium 1.5g/ hr, 
Dexamethasone 0.1mg/kg, Gabapentin 300mg

• Results: Decreased postoperative pain and opioid 
consumption, earlier return of gastrointestinal 
function

• Dexmedetomidine
• Class: Selective alpha -2 agonist
• Indication: Opioid -induced hyperalgesia, MMA, 

anxiolytic
• Doses:1mcg/kg bolus, continuous infusion 0.2 -

0.7mcg/kg/hr
• Results: Decreased opioid consumption and pain 

intensity, prevents opioid induced hyperalgesia
(Kaye et al., 2020; Toleska & Dimitrovski , 
2019; Tang & Xia, 2017)
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APPENDIX F: 

PROJECT TIMELINE 
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Completion 
Date Planning Pre-

Implementation Implementation Evaluation 

April 29, 2021 

DNP project 
proposal 

submitted to 
project chair 

   

May 7 – May 9, 
2021 

 MMA PowerPoint 
created 

  

May 10, 2021 
MMA 

PowerPoint sent 
to expert CRNAs 

   

May 26, 2021 

DNP project 
proposal 

PowerPoint 
submitted to 
project chair 

   

June 25, 2021  Obtain implementation 
site authorization letter 

  

June 2021 
 Make revisions 

recommended by 
committee chair 

  

June 2021  Send revised proposal 
to committee chair 

  

June 2021  Obtain proposal 
approval from chair 

  

July 14, 2021  Proposal Defense 
Presentation 

  

July 14-15, 
2021 

Make committee 
revisions to 

proposal 

   

July 19, 2021 

Submit project to 
College of 

Nursing (CON) 
Research 

Committee 

   

July 2021 
 Make revisions 

recommended by CON 
Research Committee 

  

August 11, 
2021 

 
 IMPLEMENT 

MMA Presentation 
Electronic gift card 

distribution 

 

August 13, 
2021 – August 

27, 2021 

   Analyze Data 

March 04, 2021 

   Final Defense 
Presentation 

Executive Summary 
provided to 

implementation site 
*Dates subject to change depending on approvals from IRB 
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APPENDIX G: 

LITERATURE REVIEW GRID 
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Project Question: Does providing Arrowhead Regional Medical Center anesthesia providers with live multimodal analgesia training 
increase knowledge and willingness to use multimodal analgesia in clinical practice? 

Pub. Year; Author’s Last 
Name 

Title of 
Publication 

Type of 
Study 

Main Outcomes of 
Findings 

Support for and or Link to 
Project 

Brinck et al., 2018 Perioperative 
intravenous ketamine 
for acute postoperative 
pain in adults 

Systematic 
review 

Ketamine can be used for a 
variety of surgical procedures. 
 
Intraoperative ketamine reduces 
opioid consumption by 8mg 
morphine equivalents at 24 
hours and by 13mg at 48 hours.  
 
Intraoperative ketamine 
decreased postoperative pain 
scores at 24 and 48 hours.  
 

Data from article used to create MMA 
training. 
 
Article supports use of Ketamine to 
decrease opioid requirements and 
decrease postoperative pain scores. 

Hartley et al., 2019 Systematic review of 
continuing education 
interventions for 
licensed nurses 
working in psychiatry 
 

Systematic 
review 

Continuing education increases 
nurses’ knowledge and skill.  
 
CE improves patient outcomes.  

Similar design to project. Project 
utilizes a CE PowerPoint presentation 
to increase provider knowledge. 

Kim et al., 2015 Preemptive 
multimodal analgesia 
for postoperative pain 
management after 
lumbar fusion surgery: 
A randomized 
controlled trial 

Randomized 
control trial 

Preemptive multimodal 
analgesia administered one hour 
prior to surgery and twice daily 
postoperatively reduces opioid 
requirements and opioid related 
side effects 
 
Decreased pain scores and 
Oswestry Disability Index 
scores in preemptive 
multimodal analgesia group 
 

Data from article used to create MMA 
training. 
 
Article supports use of MMA to 
decrease opioid requirements and 
decrease postoperative pain scores 
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Pub. Year; Author’s Last 
Name 

Title of 
Publication 

Type of 
Study 

Main Outcomes of 
Findings 

Support for and or Link to 
Project 

Li & Chen, 2019 Ketamine reduces pain 
and opioid 
consumption after total 
knee arthroplasty: A 
meta-analysis of 
randomized controlled 
studies 
 

Meta-analysis 
of randomized 
controlled trials 

Ketamine reduces postoperative 
pain scores and postoperative 
morphine consumption with 
less adverse effects. 

Data from article used to create MMA 
training. 
 
Article supports use of Ketamine to 
decrease opioid requirements and 
decrease postoperative pain scores. 

Lim et al., 2019 Impact of continuing 
medical education for 
primary healthcare 
providers in Malaysia 
on diabetes 
knowledge, attitudes, 
skills and clinical 
practices 
 

Quasi-
experimental 
study, 
quantitative and 
qualitative pre- 
and post-test 
design 

Increase in provider knowledge 
and skill after combined online 
and face-to-face continuing 
medical education training. 

Uses pre- and post-test study design to 
project. Project utilizes a CE 
PowerPoint presentation to increase 
provider knowledge. 

Mallama et al., 2021 A systematic review 
and trial sequential 
analysis of intravenous 
vs. oral perioperative 
paracetamol 

Systematic 
review 

The route of administration IV 
or PO acetaminophen had no 
effect on postoperative pain 
scores. 
 
Neither route showed 
significant difference in 
secondary outcomes of opioid 
consumption during first 24 
hours, patient satisfaction, and 
time to first break through pain 
medication. 
 

Data from article used to create MMA 
training. 
 
Data from article supports the use of 
PO acetaminophen when IV 
acetaminophen is not available due to 
high cost. 

Politi et al., 2017) Randomized 
prospective trial 
comparing the  use 
of intravenous versus 

Randomized 
control trial 

The route of administration IV 
or PO acetaminophen had no 
effect on 24 hour 
hydromorphone equivalents or 

Data from article used to create MMA 
training. 
 
Data from article supports the use of 
PO acetaminophen when IV 
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Pub. Year; Author’s Last 
Name 

Title of 
Publication 

Type of 
Study 

Main Outcomes of 
Findings 

Support for and or Link to 
Project 

oral acetaminophen in 
total joint arthroplasty 
 

24 hour postoperative pain 
scores. 

acetaminophen is not available due to 
high cost. 

Sun et al., 2017 Intravenous 
acetaminophen as an 
adjunct to multimodal 
analgesia after total 
knee and hip 
arthroplasty: A 
systematic review and 
meta-analysis  
 

Systematic 
review and 
meta-analysis 

IV acetaminophen significantly 
reduces postoperative day one 
pain scores and postoperative 
opioid consumption. 

Data from article used to create MMA 
training. 
 
MMA using IV acetaminophen 
significantly decreases pain scores and 
opioid consumption. 

Thai et al., 2020 Can combined online 
and face-to-face 
continuing medical 
education improve the 
clinical knowledge and 
skills of family doctors 
in Vietnam? A cluster 
randomised controlled 
trial  
 

Randomized 
controlled trial, 
pre- and post-
test design 

Online and face-to-face 
continuing medical education 
increased provider knowledge 
and skill. 
 
Increase provider confidence of 
decision-making 

Uses pre- and post-test study design to 
project. Project utilizes a CE 
PowerPoint presentation to increase 
provider knowledge. 

Toleska & Dimitrovski, 2019 Is opioid-free general 
anesthesia more 
superior for 
postoperative pain 
versus opioid general 
anesthesia in 
laparoscopic 
cholecystectomy? 
 

Randomized 
control trial 

Intraoperative surgical patients 
receiving opioid free MMA 
compared to patients receiving 
fentanyl had reduced 
postoperative pain scores and 
postoperative opioid 
requirement. 

Data from article used to create MMA 
training. 
 
Article highlights an MMA technique 
with no opioids used for a common 
surgical procedure. 

Wasserman et al., 2018 Impact of intravenous 
acetaminophen on 
perioperative opioid 
utilization and 

Meta-analysis 
of randomized 
controlled trials 

IV acetaminophen no 
significant reduction in pain 
scores or morphine equivalents 

Data from article used to create MMA 
training. 
 



 

 
73 

Pub. Year; Author’s Last 
Name 

Title of 
Publication 

Type of 
Study 

Main Outcomes of 
Findings 

Support for and or Link to 
Project 

outcomes in open 
colectomies 

compared to PO 
acetaminophen. 

Data from article supports the use of 
PO acetaminophen when IV 
acetaminophen is not available due to 
high cost. 
 

Xu et al., 2018 Analgesic efficacy and 
safety of ketamine 
after total knee or hip 
arthroplasty: A meta-
analysis of randomised 
placebo-controlled 
studies 

Meta-analysis 
of randomized 
controlled trials 

Ketamine reduces postoperative 
pain scores at 8 hours and 
reduced morphine consumption 
immediate postoperatively and 
24 hours. 
 
Ketamine reduces pain intensity 
at 8 and 24 hours 
postoperatively. 
 

Data from article used to create MMA 
training. 
 
Article supports use of Ketamine to 
decrease opioid requirements and 
decrease postoperative pain scores. 

Zhang et al., 2018 Ketamine and 
bupivacaine attenuate 
post-operative pain 
following total knee 
arthroplasty: A 
randomized clinical 
trial 

Randomized 
control trial 

Opioid consumption in 
ketamine group was 
significantly less than control 
group. 
 
Postoperative pain scores at 24 
and 48 hours was significantly 
reduced compared to the 
control group. 
 

Data from article used to create MMA 
training. 
 
Article supports use of Ketamine to 
decrease opioid requirements and 
decrease postoperative pain scores. 

 



 

 
74 

REFERENCES  

Agency for Healthcare Research and Quality. (AHRQ). (2013, May). Module 4. Approaches to 
quality improvement. https://www.ahrq.gov/ncepcr/tools/pf-handbook/mod4.html. 

American Association of Colleges of Nursing. (2006). The essentials of doctoral education for 
advanced nursing practice. Washington D.C. 

Bohringer, C. H., Astorga, C., & Liu, H. (2019). The benefits of opioid free anesthesia and the 
precautions necessary when employing it. Transl Perioper & Pain Med, 7(1).  

Brinck, E. C., Tiippana, E., Heesen, M., Bell, R. F., Straube, S., Moore, R. A., & Kontinen, V. 
(2018). Perioperative intravenous ketamine for acute postoperative pain in adults. The 
Cochrane Database of Systematic Reviews, 12(12), CD012033. 
https://doi.org/10.1002/14651858.CD012033.pub4 

Brown, E. N., Pavone, K. J., & Naranjo, M. (2018). Multimodal general anesthesia: Theory and 
practice. Anesthesia and Analgesia, 127(5), 1246-1258. 
https://doi.org/10.1213/ANE.0000000000003668 

California Department of Public Health. (2016). State of California strategies to address 
prescription (opioids) misuse, abuse, overdose epidemic in California. 
https://www.cdph.ca.gov/Programs/CCDPHP/DCDIC/SACB/CDPH Document 
Library/Prescription Drug Overdose Program/CAOpioidPreventionStrategies4.17.pdf  

Centers for Disease Control and Prevention. (2019). Annual surveillance report of drug-related 
risks and outcomes — United States surveillance special report. Centers for Disease 
Control and Prevention, U.S. Department of Health and Human Services. Published 
November 1, 2019.  

Chou, R., Gordon, D. B., Leon-Casasola, O. A. D., Rosenberg, J. M., Bickler, S., Brennan, T., … 
Wu, C. L. (2016). Management of postoperative pain: A clinical practice guideline from 
the American Pain Society, the American Society of Regional Anesthesia and Pain 
Medicine, and the American Society of Anesthesiologists Committee on Regional 
Anesthesia, Executive Committee, and Administrative Council. The Journal of Pain, 
17(2), 131-157. DOI: 10.1016/j.jpain.2015.12.008 

Courtlandt, C. D., Noonan, L., & Feld, L. G. (2009). Model for improvement - Part 1: A 
framework for health care quality. Pediatric Clinics of North America, 56(4), 757-778. 
https://doi.org/10.1016/j.pcl.2009.06.002 

Florence, C. S., Zhou, C., Luo, F., & Xu, L. (2016). The economic burden of prescription opioid 
overdose, abuse, and dependence in the United States, 2013. Medical Care, 54(10), 901-
906. https://doi.org/10.1097/MLR.0000000000000625 



 

 
75 

Grundy, S. E. (1993). The confidence scale: Development and psycho-metric characteristics. 
Nurse Educator, 18(1), 6-9. 

Hartley, H., Jenna, D. S., & Vandyk, A. (2019). Systematic review of continuing education 
interventions for licensed nurses working in psychiatry. The Journal of Continuing 
Education in Nursing, 50(5), 233-240. 
http://dx.doi.org.ezproxy3.library.arizona.edu/10.3928/00220124-20190416-10  

Heydari, S., Adibi, P., Omid, A., & Yamani, N. (2019). Preferences of the medical faculty 
members for electronic faculty development programs (e-FDP): A qualitative study. 
Advances in Medical Education and Practice, 10, 515-526. 
https://doi.org/10.2147/AMEP.S205306 

Institute for Healthcare Improvement. (IHI). (n.d.). Science of improvement: Testing changes. 
http://www.ihi.org/resources/Pages/HowtoImprove/ScienceofImprovementTestingChang
es.aspx. 

Jones, B., Vaux, E., & Olsson-Brown, A. (2019). How to get started in quality improvement. 
BMJ. https://doi.org/10.1136/bmj.k5437  

Kim, S. I., Ha, K. Y., & Oh, I. S. (2016). Preemptive multimodal analgesia for postoperative pain 
management after lumbar fusion surgery: A randomized controlled trial. European Spine 
Journal: Official Publication of the European Spine Society, the European Spinal 
Deformity Society, and the European Section of the Cervical Spine Research Society, 
25(5), 1614-1619. https://doi.org/10.1007/s00586-015-4216-3 

Knowles, M. S. (1988). The modern practice of adult education: From pedagogy to andragogy. 
Cambridge Adult Education.  

Knowles, M. S. (1990). The adult learner: A neglected species. Houston, TX: Gulf. 

Koepke, E. J., Manning, E. L., Miller, T. E., Ganesh, A., Williams, D. G. A., & Manning, M. W. 
(2018). The rising tide of opioid use and abuse: The role of the anesthesiologist. 
Perioperative Medicine, 7(1). DOI: 10.1186/s13741-018-0097-4 

Lee, E., & Daugherty, J. (2016). An educational plan for nursing staff in the procedural treatment 
unit of the Sulpizio Cardiovascular Center. Journal of Perianesthesia Nursing: Official 
Journal of the American Society of PeriAnesthesia Nurses, 31(2), 134-145. 
https://doi.org/10.1016/j.jopan.2014.11.015 

Leithead, J., III, Garbee, D. D., Yu, Q., Rusnak, V. V., Kiselov, V. J., Zhu, L., & Paige, J. T. 
(2019). Examining interprofessional learning perceptions among students in a simulation-
based operating room team training experience. Journal of Interprofessional Care, 33(1), 
26-31. https://doi.org/10.1080/13561820.2018.1513464 



 

 
76 

Lewis, S. K., & Thompson, P. (2017). Application of adult learning theory to physician assistant 
education. The Journal of Physician Assistant Education: The Official Journal of the 
Physician Assistant Education Association, 28(4), 196-200. 
https://doi.org/10.1097/JPA.0000000000000172 

Li, Z., & Chen, Y. (2019). Ketamine reduces pain and opioid consumption after total knee 
arthroplasty: A meta-analysis of randomized controlled studies. International Journal of 
Surgery (London, England), 70, 70-83. https://doi.org/10.1016/j.ijsu.2019.08.026 

Lim, S. C., Mustapha, F. I., Aagaard-Hansen, J., Calopietro, M., Aris, T., & Bjerre-Christensen, 
U. (2020). Impact of continuing medical education for primary healthcare providers in 
Malaysia on diabetes knowledge, attitudes, skills and clinical practices. Medical 
Education Online, 25(1), 1710330. https://doi.org/10.1080/10872981.2019.1710330 

Louangrath, P. I., & Sutanapong, C. (2018). “Validity and reliability of survey scales.” Inter. J. 
Res. Methodol. Soc. Sci., 4(4), 99-114. (Oct.-Dec. 2018). DOI: 10.5281/zenodo.2545038 

Mallama, M., Valencia, A., Rijs, K., Rietdijk, W. J., Klimek, M., & Calvache, J. A. (2020). A 
systematic review and trial sequential analysis of intravenous vs. oral perioperative 
paracetamol. Anaesthesia, 76(2), 270-276. DOI: 10.1111/anae.15163 

Matsuda, S. (2017). In patients having hip or knee arthroplasty, intravenous and oral 
acetaminophen did not differ for 24-hour pain or narcotic use. The Journal of Bone and 
Joint Surgery. American Volume, 99(16), 1392. https://doi.org/10.2106/JBJS.17.00552 

Mills, S., Nicolson, K. P., & Smith, B. H. (2019). Chronic pain: A review of its epidemiology 
and associated factors in population-based studies. British Journal of Anaesthesia, 
123(2), e273-e283. https://doi.org/10.1016/j.bja.2019.03.023 

Neeki, M. M., Dong, F., Archambeau, B., Cerda, M., Ratliff, S., Goff, A., Roloff, K., & Tran, L. 
(2020). San Bernardino County youth opioid response: Improving access to evidence-
based medical treatment for opioid use disorder. Cureus, 12(8), e9781. 
https://doi.org/10.7759/cureus.9781 

Nguyen, M., Miranda, J., Lapum, J., & Donald, F. (2016). Arts-based learning: A new approach 
to nursing education using andragogy. Journal of Nursing Education, 55(7), 407-410. 
http://dx.doi.org.ezproxy3.library.arizona.edu/10.3928/01484834-20160615-10 

O’Neill, T. A. (2017). An overview of interrater agreement on Likert scales for researchers and 
practitioners. Frontiers in Psychology, 8, Article 777. 

  



 

 
77 

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., 
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., 
Grimshaw, J. M., Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., 
McDonald, S., McGuinness, L. A., … Moher, D. (2021). The PRISMA 2020 statement: 
An updated guideline for reporting systematic reviews. BMJ (Clinical Research, Ed.), 
372, n71. https://doi.org/10.1136/bmj.n71  

Politi, J. R., Davis, R. L., & Matrka, A. K. (2017). Randomized prospective trial comparing the 
use of intravenous versus oral acetaminophen in total joint arthroplasty. The Journal of 
Arthroplasty, 32(4), 1125-1127. doi:10.1016/j.arth.2016.10.018 

Rouleau, G., Gagnon, M. P., Côté, J., Payne-Gagnon, J., Hudson, E., Dubois, C. A., & Bouix-
Picasso, J. (2019). Effects of e-learning in a continuing education context on nursing 
care: Systematic review of systematic qualitative, quantitative, and mixed-studies 
reviews. Journal of Medical Internet Research, 21(10), e15118. 
https://doi.org/10.2196/15118 

Substance Abuse and Mental Health Services Administration. (SAMHSA). (2019). Key 
substance use and mental health indicators in the United States: Results from the 2018 
National Survey on Drug Use and Health (HHS Publication No. PEP19-5068, NSDUH 
Series H-54). Rockville, MD: Center for Behavioral Health Statistics and Quality, 
Substance Abuse and Mental Health Services Administration. 

Thai, T., Nguyen, K. T., Pham, T. T., Nguyen, P. M., & Derese, A. (2020). Can combined online 
and face-to-face continuing medical education improve the clinical knowledge and skills 
of family doctors in Vietnam? A cluster randomised controlled trial. Tropical Medicine & 
International Health: TM & IH, 25(4), 388-396. https://doi.org/10.1111/tmi.13372 

Toleska, M., & Dimitrovski, A. (2019). Is opioid-free general anesthesia more superior 
forpostoperative pain versus opioid general anesthesia in laparoscopic cholecystectomy? 
Prilozi, 40(2), 81-87. https://doi.org/10.2478/prilozi-2019-0018 

United States Census Bureau. (n.d.). Quick facts. San Bernardino County, California. 
Census.gov. 
https://www.census.gov/quickfacts/fact/table/sanbernardinocountycalifornia,sanbernardin
ocitycalifornia/PST045219 

Wasserman, I., Poeran, J., Zubizarreta, N., Babby, J., Serban, S., Goldberg, A. T., Leibowitz, A. 
B. (2018). Impact of intravenous acetaminophen on perioperative opioid utilization and 
outcomes in open colectomies. Anesthesiology, 129(1), 77-88. 
doi:10.1097/aln.0000000000002227  

Welcome to the California Opioid Overdose Surveillance Dashboard. 
https://skylab.cdph.ca.gov/ODdash/ 



 

 
78 

Xu, B., Wang, Y., Zeng, C., Wei, J., Li, J., Wu, Z., He, H., Lei, G., Xie, D., & Ding, X. (2019). 
Analgesic efficacy and safety of ketamine after total knee or hip arthroplasty: A meta-
analysis of randomised placebo-controlled studies. BMJ open, 9(9), e028337. 
https://doi.org/10.1136/bmjopen-2018-028337 

Zhang, J., Shi, K., & Jia, H. (2018). Ketamine and bupivacaine attenuate post-operative pain 
following total knee arthroplasty: A randomized clinical trial. Experimental and 
therapeutic medicine, 15, 5537-5543. https://doi.org/10.3892/etm.2018.6104 


