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ABSTRACT  

Purpose: Malignant hyperthermia is a rare crisis associated with anesthesia that boasts an 80% 

fatality rate if left untreated. The purpose of this doctorate of nursing practice project was to 

evaluate impact of multimodal training and protocol availability on malignant hyperthermia 

management. Ultimately, the goal was to demonstrate improved provider competence to 

strengthen the recommendation for standardized malignant hyperthermia policy within the 

hospital. With this change, lives could be saved. 

Background: Malignant hyperthermia is a life-threatening response to triggering 

pharmacological agents. Triggering agents include all the contemporary anesthetic gasses used in 

the United States in addition to succinylcholine – a drug used to induce paralysis during 

induction of anesthesia. The pathology of malignant hyperthermia is a hypermetabolic state 

which confers electrolyte disturbances, rapid hyperthermia, cardiac dysrhythmias, muscle 

rigidity, hypertension and tachypnea.  

Methods: This quality improvement project started with optional use of a protocol, developed by 

Malignant Hyperthermia Association of the United States, during a live simulation training. 

Following the 20-minute simulation, eight anesthesia providers were debriefed and a short 

educational PowerPoint was presented. Finally, participants answered 15 survey questions to 

establish efficacy of the purported training session.  

Results: Results of the survey overwhelmingly support the use of a protocol for managing 

malignant hyperthermia. All (100%) providers had seen malignant hyperthermia in practice. 

Additionally, all providers agreed that, at minimum, annual training for all operating room staff 

would be valuable. All chose to use the optional protocol during practice simulation and 
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subsequently agreed it was useful. All reported that they would choose to utilize the protocol if 

faced with this crisis in practice. And all felt more confident with recognition of malignant 

hyperthermia, dantrolene administration, and management of a crisis. Data suggests that 

participants increased their knowledge, competence, and confidence in managing malignant 

hyperthermia.  

Conclusion: Although rare, malignant hyperthymia can prove fatal despite being perfectly 

treatable. The Malignant Hyperthermia Association of the United States supports the use of a 

protocol in combination with simulation training for enhanced patient outcomes. The survey 

results of this quality improvement project provide additional support for the use of a protocol 

and simulation to improve crisis preparedness. 
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INTRODUCTION 

Malignant hyperthermia (MH) manifests as a life-threatening response to certain 

anesthetic drugs frequently utilized to intubate patients in the operating room (OR). The use of a 

protocol or cognitive aid reduces the likelihood of morbidity and mortality and should be 

instituted in all facilities administering triggering agents. These agents include volatile 

anesthetics and the neuromuscular blocker succinylcholine which induces paralysis (Hines & 

Marschall, 2018). Although MH incidence is low, occurring as frequently as 1:10,000 (In et al., 

2017), the implications of delayed medical response due to lack of recognition or knowledge of 

treatment are catastrophic. To put this into perspective: MH boasts an 80% mortality rate when 

treatment is insufficient (Rosenberg et al., 2015). Due to the relative infrequency, clinicians are 

often unaware of treatment interventions (Cain et al., 2014). Efficient treatment of MH requires 

the collaboration of the healthcare team. Although the anesthesia provider may be the first to 

recognize the onset of MH, the entire OR staff is essential for deploying appropriate 

interventions when this occurs (American Association of Nurse Anesthesiology [AANA], 2018). 

Because of the interdisciplinary approach to treatment, the AANA (2018) endorses an MH 

protocol in all facilities that administer triggering agents as well as many other authors 

(Arcangeli et al., 2017; Kollmann-Camaiora et al., 2017; Ramanujam et al., 2019). To provide 

the most appropriate care and enhance patient outcomes, every facility that utilizes anesthetic 

agents with the propensity to trigger MH should promote and require a treatment protocol. 

Background Knowledge and Significance 

Malignant hyperthermia (MH) is a genetically inherited predisposition to develop a 

myriad of complications upon exposure to inhaled anesthetic gas and succinylcholine (Nagelhout 



 

 
12 

& Elisha, 2018). The onset of MH is variable, ranging from minutes to hours, and is influenced 

by the triggering agent (Visoiu et al., 2014). Normal muscle contraction relies heavily on the 

appropriate increase, and subsequent decrease, of intracellular calcium. Ryanodine receptor 1 

(RYR1) dominant variants and CACNA1S have been associated with malignant hyperthermia 

and express mutations located on chromosome 19q13.1 (Hines & Marschall, 2018). These 

receptors dictate the release of calcium from the sarcoplasmic reticulum to the intracellular 

space. Genetically mutated RYR1 receptors that dictate calcium release are more susceptible to 

calcium release and, additionally, are resistant to the negative feedback that slows the release. As 

a result, there is an excessive amount of calcium present in the cell. Because energy in the form 

of adenosine triphosphate (ATP) is consumed in calcium handling steps, a state of 

hypermetabolism exists, increasing carbon dioxide production, acidosis, oxygen consumption, 

hyperkalemia, rhabdomyolysis, and hyperthermia (Hines & Marschall, 2018). If left untreated, or 

even a delay in treatment occurs, this can lead to renal failure, cardiovascular collapse, 

disseminated intravascular coagulopathy, and even cardiac arrest (AANA, 2018). 

Cain et al. (2014) pointed out that OR teams are often unprepared to treat MH. Inability 

to identify the signs and symptoms of MH, prolonged time to prepare dantrolene, extended time 

without initiating cooling measures, and failure to call the MH hotline were all identified as areas 

for improvement (Dirksen et al., 2013). To provide a patient with the best opportunity for 

survival, the institution of a protocol and regular education, in combination with simulation 

practice, is imperative. The Malignant Hyperthymia Association of the United States (MHAUS; 

2019) recommends initiating a highly coordinated treatment plan within 10 minutes of symptom 
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onset. Equipping OR staff, including certified registered nurse anesthetists (CRNAs), with a 

protocol that can be deployed rapidly can and does save lives (Kollmann-Camaiora et al., 2017). 

Successfully treating this crisis requires an interprofessional approach. The healthcare 

team must rapidly identify the problem and institute treatment to avoid morbidity and mortality. 

After the onset of symptoms, the intravenous medication, dantrolene is the only definitive 

treatment to abate this hypermetabolic state. Dantrolene inhibits the mechanism of MH by acting 

directly on the sarcoplasmic reticulum to diminish the amount of calcium release (Nagelhout & 

Elisha, 2018). Still, several interventions are essential to ensure positive outcomes. The 

triggering agent should be stopped, hyperventilation to reduce the arterial carbon dioxide 

content, call for help, initiate cooling therapy, treat cardiac arrhythmias (as needed), procure and 

evaluate blood tests (arterial blood gas, electrolytes, creatinine kinase, etc.), and ensure adequate 

urine output (Rosenberg et al., 2015). The administration of dantrolene is extensive as patients 

require 2.5 milligrams per kilogram as an initial bolus when MH is diagnosed. Each dantrolene 

ampule consists of 20 milligrams and is diluted in 60 milliliters of sterile water. Subsequently, 

patients often require 8-10 vials of reconstituted dantrolene. To put this into perspective, a 

typical 70-kilogram patient would require a minimum of nine vials. A more concentrated and 

expensive iteration of dantrolene is now available and marketed under the name of Ryanodex. 

Ryanodex is unique in that a single vial could treat the same 70-kilogram patient that required 

nine vials of the original formula of dantrolene. The AANA and the Association of Perioperative 

Registered Nurses recommend keeping dantrolene stocked in an MH cart at all times (Spruce, 

2020). It is evident that the treatment process is extensive and requires a collaborative approach. 

  



 

 
14 

Local Problem 

A 74-bed facility in Tempe, Arizona (AZ), equipped with six operating suites, 20 

emergency room (ER) beds, 10 intensive care unit (ICU) beds, one endoscopy suite and close 

proximity to a major university, does not proactively utilize an MH protocol. Perhaps the most 

interesting aspect of this site is their use of succinylcholine, a known MH trigger. Use of the 

paralytic succinylcholine, for scheduled procedures with routine intubations is controversial, and 

often it is mostly employed for rapid sequence induction (Lee et al., 2019). This site, however, 

utilizes the MH triggering agent for nearly every procedure, unless there is a specific 

contraindication. The ICU, the ER, the OR, and the endoscopy suite all administer triggering 

agents. Stakeholders benefiting from having an MH protocol include floor nurses, perioperative 

nurses, surgeons, anesthesia providers, surgical technicians, hospital administrators, and 

pharmacists. Each of these stakeholders have a role once a protocol is fully implemented. 

Additionally, patients are positively affected by receiving care at a facility with an MH protocol 

in place, making them stakeholders indirectly. As previously stated, treatment requires an 

interprofessional approach. Hospital administrators need to help facilitate the approval of a new 

hospital policy. If there are any additional costs regarding medications or training of staff, this 

needs to be approved by administration. Preoperative nurses play a role in helping identify at risk 

patients. Intraoperative and post-anesthesia acute care unit (PACU) nurses help with 

identification and treatment. It is important for these staff members to have familiarity with the 

treatment process to better understand direction from the anesthesia provider. Surgical 

technicians can assist with procuring the appropriate materials and interventions for treatment. 

Understanding of the treatment process makes this a much smoother transition. Surgeons and 
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anesthesia providers should both have familiarity with the treatment algorithm to facilitate 

identification and treatment from start to finish. Lastly, pharmacists are imperative to ensure 

availability of dantrolene in sufficient quantities as dictated by the protocol. 

Intended Improvement 

Project Purpose 

The purpose of the Doctor of Nursing Practice (DNP) project was to evaluate the impact 

of simulation training and implementation of an MH protocol within a hospital facility in Tempe, 

AZ. With the results of this evaluation, this project aimed to encourage standard policies and 

procedures regarding MH at the Tempe facility. 

Project Question 

The following question was used to guide this DNP project: Amongst anesthesia staff, 

how does the utilization of a protocol with in situ simulation training affect clinical knowledge in 

identifying and treating an MH crisis? 

Project Objectives 

During in situ simulation, this project aimed to identify any underlying systemic issues 

with MH crisis response. Any weaknesses observed strengthened the value of long-term 

implementation of MH preparedness training within the institute. Several objectives were 

measured using post-training and education questionnaires. Evaluating the degree to which staff 

recognized the signs and symptoms of MH, the initial treatment therapies, and knowledge of 

treatment after onset of symptoms were all measured with a questionnaire. Ideally, these 

measured outcomes show improvement by the conclusion of education. Clinicians’ knowledge 

was assessed by self-evaluation before and after training to gauge the degree of effectiveness. 
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Theoretical Framework 

Quality of care is affected by many different entities. Typically, in the forefront, one 

directly correlates education, training, experience and support with superior patient care. 

However, another entity imperative for best patient care is theory-guided practice. Theory is 

paramount in directing research that develops evidence-based and theory-guided practice. Much 

like the blueprint of a building, theory is the framework of research and patient care (Grant & 

Osanloo, 2014). Younas and Quennell (2019) reviewed literature regarding nursing theory-

guided intervention and found that its practice was not only useful, but also directly related to 

better quality of life, care, and self-efficacy when compared to traditional nursing practice. 

Optimal performance during a crisis is crucial for ideal patient outcomes. Albert 

Bandura’s Social Cognitive Theory (SCT), first proposed in 1977, distinguishes three arms of 

human agency: individual, proxy, and collective (Bandura, 2005). Individuals can influence the 

way they perform through their own decisions and exercises. However, to produce certain 

results, one might not always have control over their conditions, requiring them to reach out and 

rely on a proxy agency for support. The final spear of the triad explores that one might also seek 

achievements that necessitate a collaborative effort, as accomplishments are not always 

autonomous (Bandura, 2005). This collective mode of human agency supports the idea that 

social interaction improves learning, and thus performance (Billings & Halstead, 2020).  

Presently, at the implementation site in Tempe, there is no current MH training required 

or provided by the anesthesia care team to the perioperative staff. This void of education 

encompasses both social and individual opportunities for learning. The theoretical framework of 

SCT guided this project from all three modes of the triad of human agency. The anesthesia care 
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team, by proxy, was utilized to endorse the introduction of MH simulation training and protocol 

use to the perioperative team. Individually, clinicians were trained to employ a protocol, which 

outlined the diagnosis and treatment of MH. Derived from a constructivist standpoint, SCT 

endorses that learners develop knowledge by actively seeking understanding while being open to 

change as new guidelines are added to existing foundations. This theory supports that both 

individual and social interactions foster cognition (Billings & Halstead, 2020). During group 

simulation training, team confidence and competency was assessed. Once completed, SCT 

supports that clinicians should experience improved self-efficacy, translating to increased 

confidence when faced with crisis management (Billings & Halstead, 2020). This project 

highlighted the importance of group simulation training on clinician performance during an MH 

crisis from this collective application. 

When clinicians have the opportunity to practice crisis management alongside other 

perioperative team members, in a low-risk and high-intensity session, self-efficacy should 

increase. Billings and Halstead (2020) explain that as a foundation of SCT, when confidence 

increases, proficiency will also improve when faced with complex tasks. While grounded by 

Bandura’s constructivist SCT, this project provided in situ simulation training alongside a 

protocol specifically tailored to the diagnosis and management of MH. Once clinicians are 

enveloped with support, both by their institution and perioperative teammates, their confidence 

and competency of MH response can improve. This translates to the improvement of clinician 

self-efficacy, according to SCT, and furthermore, improves MH management performance and 

patient survival (Figure 1).  
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Figure 1  

Revised Social Cognitive Theory: Triad of Human Agency Applied to MH Project 

 

Literature Synthesis 

Evidence Search 

In order to explore the growing practices and protocols surrounding MH, a thorough 

literature review was completed. Several combinations of key terms were utilized to provide an 

array of research. These articles discussed not only the recognition and management of MH by 

the healthcare team, but also the utility of simulation training, checklists and emergency manuals 

(EMs) on the competency and success rate for the treatment of crisis, including MH. The 

databases employed were PubMed, PubMed Central, Cumulative Index of Nursing and Allied 

Health Literature (CINAHL) and Google Scholar. Key terms beneficial in this literature search 

were: malignant hyperthermia, crisis, presentation, treatment, management, incidence, 

dantrolene, perioperative, care, implementation, emergency, protocol, cognitive aid, patient 

safety, emergency manual, crisis prevention, crisis resource management, team training, 

healthcare team, checklist, practice guideline, human factors, interprofessional, education, 

simulation, quality improvement, practice, patient deterioration, professional development, 
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behavioral markers, acute event, and development. This list of terms was extensive to allot the 

best, well-versed results. These searches were limited to the last 10 years, although a focus on 

the last five years was prioritized for the most up-to-date information. Several influential articles 

prior to 2015 were included in the gathered research to highlight the background and foundation 

regarding this area of study. Inclusion criteria specific to research process and topics included: 

case studies, systematic reviews, consensus statements, expert opinion, qualitative, quantitative 

or mixed methods studies; studies exploring manuals, cognitive aids, simulation training and 

protocols as interventions for better care; studies with a focus on healthcare professionals, 

interprofessional teams, and teams across various settings including intensive care, emergency, 

perioperative and medical-surgical; studies with a concentration on crisis response and 

management; and studies with an emphasis on MH. Exclusion criteria for research included 

studies not published in the English language and those outside of an applicable healthcare 

setting. For example, separate searches in PubMed Central with the topics malignant 

hyperthermia and emergency manual resulted in 11,066 and 53,594 results, respectively. A 

search using the topics malignant hyperthermia and crisis preparation together resulted in 229 

articles (Figure 2). Multiple compounding searches, in trustworthy databases, using relevant 

keywords were executed. After completing this robust search using the aforementioned key 

terms, filters, and inclusion/exclusion criteria, nineteen articles were compiled (Appendix G). 
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Figure 2 

Evidence Search Diagram 

 

Comprehensive Appraisal of Evidence 

Malignant Hyperthermia 

Malignant hyperthermia, although rare, can be fatal if not recognized and treated by the 

perioperative team early in its process (AANA, 2018; Mullins, 2018; Riazi et al., 2018). Because 

early recognition and activation of an MH crisis response plan are key for patient survival, it is 

imperative that those administering triggering agents associated with MH be familiar with 

current guidelines (Litman et al., 2019). Studies have also demonstrated that prompt treatment 
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with dantrolene directly correlates with patient survival (Kim et al., 2019; Riazi et al., 2018). In 

fact, complication rates and morbidity increase as the time from the first clinical sign to 

dantrolene administration increases (AANA, 2018; Litman et al., 2019). Obstacles to rapid 

treatment include delayed identification, delayed dantrolene preparation, and lack of MH 

education for crisis preparedness. 

Delay in identifying MH can be secondary to the lack of education provided to the 

perioperative staff, poor perioperative monitoring, and the wide variability in which MH can 

manifest. Perioperative staff should be aware of MH as a response to general anesthesia. An 

important role of the perioperative nurse is to identify patients at risk for MH during the 

preoperative assessment (Hommertzheim & Steinke, 2006). Identifying patients at risk 

preoperatively can improve MH response time, especially when its manifestation can be subtle. 

MH signs can be mild including sweating, skin mottling, tachycardia, and an increase in end-

tidal carbon dioxide. Symptoms suggesting fulminant MH can be any combination of 

hyperthermia, hypertension, hypercapnia, and skeletal muscle rigidity (AANA, 2018; Mullins, 

2018; Riazi et al., 2018). Perioperative temperature monitoring for those undergoing general 

anesthesia for more than thirty minutes is also crucial and recommended by the Malignant 

Hyperthermia Association of the United States (MHAUS) (AANA, 2018). Bindu et al. (2017) 

found that despite these recommendations, continuous core temperature monitoring has been 

lacking among perioperative teams, which can directly delay recognition of MH and treatment, 

and consequently affect patient outcomes. 

Increased intraoperative monitoring and dantrolene availability are directly related to 

decreased fatality related to MH (AANA, 2018). Rapid administration of dantrolene is also 
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imperative for improved patient morbidity and mortality. Both MHAUS and the European 

Malignant Hyperthermia Group recommend at least 36 vials of 20mg dantrolene be available to 

treat an MH crisis (Kim et al., 2018; Litman et al., 2019). This should allow for the prompt 

dosing of dantrolene within 10 minutes of the first sign of MH (AANA, 2018; Litman et al., 

2019).  

The MHAUS provides education and manuals for hospitals on their website, as well as a 

hotline for use in crisis events, to improve MH management (Riazi et al., 2018). The AANA 

(2018) also advises that healthcare providers administering triggering agents be familiar with the 

MHAUS guidelines for MH treatment. It is widely suggested that facilities conduct MH crisis 

team training regularly to ensure the perioperative staff is well versed and able to respond 

appropriately when patient deterioration occurs (AANA, 2018; Mullins, 2018). 

Emergency Manuals, Simulation and Interprofessional Training 

A discussion by Goldhaber-Fiebert and Macrae (2018) stresses performance gaps in 

perioperative crises that can be filled by cognitive aids or emergency manuals (EMs). These are 

defined as educational tools with condensed clinical knowledge that require training to utilize 

them in a high-pressure clinical situation appropriately. They also promote teamwork and can be 

applied across diverse healthcare fields using implementation science and quality improvement. 

A case report by Agarwala et al. (2019) discusses and exemplifies the importance of a step-by-

step process for the implementation of an EM into practice. The study specifically documents an 

EM through its development, institution-specific design, interprofessional engagement to 

encourage use, and longstanding utilization past the study timeline. As a result of this process, 

the study found that two-thirds of all clinicians had used the EM over the six-month period, 
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many even utilizing it during a crisis event. The goal of the study was to empower and guide 

others attempting to create and implement EMs to find success, improve care, and overcome 

barriers to clinician acceptance.  

Stephens et al. (2016) created an interprofessional training course for perioperative teams 

to evaluate human factors and crises. The goal was to measure any improvement in problem-

solving, team behavior, and theatre efficiency. Results showed that participants had increased 

understanding, confidence, and competency as an interprofessional team after the exercise. 

Bracco et al. (2017) discuss that human markers are the most common contributors to critical 

events in the delivery room setting. During the study, crisis resource management skills were 

defined and tracked by an observational tool, then utilized during an obstetric hemorrhage 

simulation training session. The tool was utilized both for reflective debriefing and for peer 

feedback. The tool was then rated according to its ease of use and received high ratings from the 

study group. The conclusion reported that the tool was useful in a simulation environment and 

speculated the results as a promising sign that the tool improved learning potential for those 

undergoing simulation seminars. Paige et al. (2015) discuss simulation training combined with 

interprofessional education as a useful tool for learning across professions while in a safe, 

experiential environment. This study strategy is beneficial in surgical practice to improve patient 

care, patient outcomes, and teamwork.  

Acknowledgment of clinical deterioration is an important skill required in surgical 

specialties. Elder (2017) utilized a simulation tool to evaluate the possible improvement of nurse 

recognition of patient crisis. Pretests and posttests were gathered to evaluate knowledge and 

confidence as well as clinical decision-making skills. The study results support simulation as a 
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tool to improve nurse competency in recognition of patient deterioration. Hepner et al. (2017) 

outline examples of checklists and EMs that can be useful, specifically in an operating room. 

These cognitive tools can be implemented for both routine and crisis events. Examples provided 

in the study include air embolism, unstable cardiac events, and MH. Although these aids 

demonstrate improved outcomes, challenges exist to change human behavior. The study 

encourages training and implementation strategies to create effective teamwork and judgment 

while utilizing these checklists. 

Malignant Hyperthermia Crisis Preparation 

Isaak and Stiegler (2015) review crisis resource management (CRM) while exemplifying 

an MH case study. The need for a coordinated and comprehensive treatment plan is mentioned, 

as well as the rarity of these cases, making treatment in this acute event uncommon ground for 

many providers. The study suggests that providers can become experts in CRM concepts to 

prepare themselves for rare medical crises, while improving patient outcomes. Lewellen (2019) 

focuses on preparedness for MH crisis through policies and education. Regulatory agencies 

specifically expect that staff involved in the care of patients at risk for MH receive training on 

the recognition and management of MH. Different techniques can be beneficial for this purpose, 

including mock drills, annual task forces, posters, manuals, and computer-based modules. Hardy 

et al. (2018) used a simulation technique to support the use of a checklist for the management of 

MH. Task completion during the exercise was assessed in both control and checklist groups. The 

checklist group had better adherence to guidelines and non-technical skills. Additionally, the 

checklist group gave the initial dose of dantrolene faster than the control group. Kollmann-

Camaiora et al. (2017) promote the utilization of a clinical protocol for the emergent 
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management of MH, including a prompt dose of dantrolene. Standardizing the treatment of MH 

from initial symptom onset all the way through patient discharge is paramount to ensure safe 

patient care. Kollmann-Camaiora et al. (2017) proposed a six-step protocol to facilitate the swift 

treatment of MH. The steps consisted of diagnosis, immediate management, monitoring and 

treatment, dantrolene, continuous monitoring, and follow-up. Because MH is associated with a 

multitude of pathological sequala, the protocol specifically addresses a variety of concomitant 

conditions that occur with the onset of MH. Dantrolene is the only definitive treatment of MH 

and thus maintains a precise role in the treatment algorithm. Hopkins et al. (2020) produced an 

updated iteration of Emergency Management of Malignant Hyperthermia in conjunction with the 

Association of Anesthetists. Much like other emergency manuals for MH, this protocol 

emphasized immediate recognition of symptoms and subsequent treatment. Management of 

arrhythmias, hyperthermia, electrolyte abnormalities, acidosis, myoglobinuria, disseminated 

intravascular coagulopathy, and compartment syndrome is prioritized in addition to the 

immediate administration of dantrolene. Suggestions for MH identification include increased 

end-tidal carbon dioxide, increased heart rate, and increased oxygen consumption (Hopkins et 

al., 2020). These alterations in equilibrium are included in the rapid identification of MH. Rapid 

recognition and treatment of MH after onset provides the best opportunity for survival when this 

rare, but deadly, reaction occurs. 

Strengths, Weaknesses, and Gaps in Literature 

The evidence synthesized above was strong and ranged from moderate to high quality. 

Some articles gathered were assigned a moderate quality rating due to their study subject only 

indirectly correlating to this project’s topic. For example, a study by Bracco et al. (2018) 
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evaluates team performance in an obstetric hemorrhage emergency simulation training session. 

This evidence strongly recommends the use of simulation training, but the setting utilized to 

support this evidence is not of an MH crisis. Therefore, one must presume direct transfer of 

results in other crisis settings, like MH, making this research only moderate quality for the 

purposes of this project. Many articles directly pertaining to MH were case studies, due to the 

rarity of the condition. These cases are supportive of this project and based on strong evidence, 

however, the quality level is only deemed moderate due to the limitation of a small sample size. 

Given the low incidence of MH, randomized control trials or systematic reviews with large study 

populations are limited, and certainly a gap in the available research. 

METHODS 

Project Design 

The project design was developed using an approach directed toward quality 

improvement (QI). The intention of this QI project was to evaluate the following question: Does 

the implementation of an MH simulation training, with the utilization of a protocol, improve 

clinician knowledge and confidence regarding MH management? A survey was developed to 

evaluate the effectiveness of the project with both quantitative and qualitative data collection 

(Appendix D). The outcomes focused on both the institutional adoption of MH preparedness and 

improved clinician proficiency regarding MH crisis. 

Model for Implementation 

The goal of a QI project is to improve patient care by implementing processes that 

positively affect safety, efficiency and efficacy (Institute for Healthcare Improvement [IHI], 

2020). These processes have a direct effect on patient outcomes. Thus, they require thorough 
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evaluation before employment into practice. The Model for Improvement (MFI), created by the 

IHI to accelerate change, was intended for research teams to reference while creating and 

applying an intervention into healthcare delivery (IHI, 2020). While developing new guidelines, 

the MFI (Figure 3) initially has the investigator ask these three questions: What are we trying to 

accomplish? How will we know that a change is an improvement? What change can we make 

that will result in an improvement? (IHI, 2020) The intention of this project was to illuminate the 

importance of MH training to institutions and, with that training, improve perioperative MH 

management. Improvement was measured with a post-pre-survey, which used self-reported data 

that compared knowledge before and after project implementation. With this survey design, 

participants answered both pre- and post-training questions after the simulation and education 

session was complete. This allowed participants to utilize their confidence post-training while 

rating their pre-training proficiency (Institute for the Study of Teaching and Learning in the 

Disciplines [ISTLD], n.d.). Finally, the change implemented was a training session for anesthesia 

providers that simulated an MH crisis while participants had the option to utilize a protocol for 

MH management. 

Plan-Do-Study-Act (PDSA) Cycle 

After the investigator answers these questions, the MFI directs them to the second step: 

the Plan-Do-Study-Act (PDSA) cycle. This cycle can help to determine if the implemented 

change was effective and has the propensity to be sustainable (IHI, 2020). PDSA can also 

highlight areas of the project that need reform for best implementation, in real-time, which 

allows adjustments to be made appropriately and quickly. In this QI initiative, this cycle was 

utilized to guide the project within an institution that does not have regular training in place. It 
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allowed for reconfiguration, when needed, to ensure the achievement of project objectives and 

outcomes (Figure 3). 

Plan 

A successful project requires planning and time for development. This plan is the first 

step of the PDSA cycle (IHI, 2020). During this phase, many protocols and surveys were 

reviewed in order to choose and create one most appropriate for this initiative. It was determined 

that self-reported reflection would be best for gauging improvement after implementation of the 

project. To do this, a post-pre-survey model is being utilized in Qualtrics (ISTLD, n.d.). Next, a 

protocol representative of the most up to date treatment and management of MH is chosen that 

uses a stepwise fashion in order to make it effective during crises. Lastly, the patient simulation 

scenario was developed to mimic a common presentation of MH, in order to appropriately test 

the perioperative anesthesia staff on recognition, treatment and management of MH. 

Do 

In situ simulation training, with an MH protocol available, and a post-training survey 

represent testing a change process, which is the second step of the PDSA cycle (IHI, 2020). This 

was an important part of this project as it allowed for exposure to a rare crisis that many 

clinicians have not seen firsthand. Clinicians were challenged with the simulation case and had 

the option to utilize the protocol available. An application to display vital signs called SimMon 

was used to display vital signs during the simulation. Providers were then given a link to access a 

post-pre-questionnaire in Qualtrics, with both quantitative and qualitative questions for self-

reported evaluation and reflection. 
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Study 

After all participants of the project completed simulation training, with an available 

protocol, and post-pre survey, data was collected in Qualtrics. Data was then evaluated to 

determine if the participants of the study deemed the training useful. This evaluation is the third 

step of the PDSA cycle (IHI, 2020). The quantitative and qualitative data compiled at that point, 

with some visually exemplified utilizing graphs, revealed an overall improvement of MH 

confidence and competency by clinicians. 

Act 

With the goal of this project met, planning for widespread implementation within the 

institution was then suggested. This is the final step of the PDSA cycle (IHI, 2020). The 

institution was reminded that facilities utilizing MH triggering agents have an expectation by 

regulatory agencies to have staff training and crisis procedures in place. Protocols are 

recommended to be placed in each operating room for easy accessibility. The policy and 

procedure committee should be addressed for approval. Institution management can initiate 

discussions to replicate this training with perioperative staff, on a regular basis, to ensure 

sustainability of the project and clinician competence of MH management. 

Setting and Stakeholders 

The MH crisis plan was developed for anesthesia providers and perioperative staff in the 

Tempe, AZ area. This small community hospital is a 74-bed facility, fully equipped hospital with 

six operating suites providing services for gastrointestinal problems, bariatric surgeries, 

musculoskeletal revisions, women’s services, pediatric care, and otolaryngology. This hospital is 

located near a major university and frequently provides services to patients of all ages. The 
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population of Tempe, AZ is 183,652 and the three largest ethnic groups are white, Hispanic, and 

Asian (Data USA, 2019). 

Figure 3 

The Model for Improvement 
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The reach of this particular initiative was localized to anesthesia providers with the intent 

of expansion to all OR staff when wider implementation is supported. Preoperative nurses, with 

proper education, can better understand their role in identification of at-risk patients. They can 

better appreciate how much risk is incurred by a patient that suffers from an MH attack 

intraoperatively. Because onset of MH is often delayed, the PACU nurse may be the first person 

to identify an MH attack. Their role in identification and treatment is crucial to successfully 

navigating onset of MH. Intraoperative nurses can also help identify and treat patients. Although 

the anesthetist likely has the best chance of early identification, the nurses and additional 

ancillary staff have a responsibility to maintain vigilance in early identification and subsequently 

respond as directed by the anesthetist. It goes without saying that the anesthesia provider can 

greatly benefit from an MH protocol. Having explicit directions, specifically designed for the 

facility, helps to ensure rapid treatment within the shortest period of time possible. As a final 

thought, early identification and treatment of these patients, and ultimately avoiding negative 

outcomes, is largely beneficial to hospital administration. MH is an entirely treatable 

consequence of volatile anesthetics and succinylcholine. Avoidance of negative outcomes 

maintains the hospital’s good standing. Patients, providers, and administration all benefit from 

avoiding delayed treatment of MH. Institution of regular training and a treatment protocol can 

help to ensure the best outcomes possible. 

Planning the Intervention 

The project implementation was approved to take place during a monthly anesthesia 

provider meeting. The entire implementation training was designed to last approximately 60 

minutes. Previous discussions with the anesthesia group provided clarity on what the site was 
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lacking regarding MH training and preparedness. Additionally, this particular site uses 

succinylcholine (an MH triggering agent) with nearly every routine intubation. This is a cultural 

phenomenon that is uncommon in most anesthesia departments. Initially, many of the providers 

were using it to reduce aerosolization during the earlier phases of the COVID-19 pandemic. 

Other neuromuscular blocking agents require the anesthetist to continue breathing for the patient 

with an unprotected airway prior to onset of the drug. Succinylcholine, on the other hand, sets up 

rapidly and there is less risk of aerosolizing sputum. Despite methodical COVID-19 screening on 

every patient, succinylcholine remains a staple medication in nearly every induction. As 

previously mentioned, this is a controversial practice that predisposes patients to MH (Lee et al., 

2019). With no regularity of training or protocol in place within the anesthesia team or hospital 

organization, a well-rounded training approach to implement MH crisis education was 

developed. 

First, a simulation was constructed to emulate a typical presentation of MH in the OR, 

with gradual signs and symptoms developing, to then prompt the clinician to enact an MH crisis 

response. Next, a protocol was chosen with direct focus on the evidence-based standard of care 

and most up to date research regarding MH treatment. The protocol was not only available for 

use during the simulation training, but also recommended to be displayed in each operating room 

for emergency use after this QI project. The intent of the protocol was to provide an organized, 

stepwise process that is easy to follow during crisis management, whether simulated or real. 

Lastly, in order to measure the extent of improvement after implementation, a post-pre-survey 

was created. This type of survey was specifically chosen in order to allow clinicians to reflect on 

their confidence of MH management both before and after the training session (ISTLD, n.d.). 
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Both qualitative and quantitative questions were incorporated to diversify the data collection and 

analysis, as well as provide thorough results reporting.  

After the simulation, protocol choice and survey were completed by the investigator, the 

institution was next consulted to determine timing and scheduling of the project implementation. 

As a group, this team meets once a month for collaboration. In order to maximize participation 

and availability, the institution was willing to lend their monthly meeting to the investigator for 

project implementation. During the meeting, the team was put through the in-situ simulation 

exercise, with option to utilize the protocol provided. To follow, a brief MH education session 

was completed just prior to participants being given the post-pre-survey link for feedback. After 

all participation was complete, an open discussion was encouraged at the end of the meeting. 

This allowed for the team and participants to evaluate the site’s current MH preparedness and 

consider adopting a new QI process. 

Participants and Recruitment 

This project was inclusive of the nine perioperative anesthesia providers at a single 

hospital site. Anesthesia providers were the only staff included in this project, as they would be 

the lead of any perioperative MH crisis management. The sample size was intentionally small, to 

keep the training specific to the needs of one institution for the most tailored implementation. As 

previously discussed, this team has monthly meetings held before the workday that are 

encouraged, but not required by the employer. Thus, those that attended the meeting in 

November 2021 were selected to participate in the project. That stated, participation was indeed 

voluntary, as staff were notified via email (Appendix C) ahead of time that the meeting agenda 

would be centered on a crisis training exercise. Additionally, to incentivize attendance, staff were 
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also informed in the email that breakfast and coffee would be provided during the training 

session. Exclusion criteria included those not a part of the anesthesia perioperative team, those 

who did not attend the meeting and anesthesia providers not employed at the specific site chosen 

for implementation. 

Consent and Ethical Considerations 

Prior to implementation of the project, Institutional Review Board (IRB) approval at the 

University of Arizona was obtained to ensure the project aligned with the institution’s ethical 

guidelines. Permission from the anesthesia group was received before initiation of any project 

processes. Participants were notified of the training prior to their voluntary attendance and verbal 

consent was also obtained before they underwent any protocol training, simulation or survey 

participation. Participants were informed before and during training that all results and 

participation would be kept confidential. Survey responses were designed to be anonymous and 

participants were notified of the option to refuse to answer any questions that they did not feel 

comfortable answering. They could also choose to leave the session at any time, for any reason. 

It was reiterated that individual responses would not be shared with their employer, as to protect 

their survey integrity and current employment. No personal information was collected from the 

participants and any known information regarding the participants by the investigator was 

withheld from reporting. All electronic data utilized for the project remains protected for three 

years after project defense, and then deleted permanently per IRB protocol. No physical risks 

were anticipated for participants or patients, as the training was a simulated experience. The 

purpose of this project was disclosed including, but not limited to, increasing clinician MH crisis 

preparedness and improving institutional training regularity regarding MH.  
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Timeline 

A timeline (Appendix F) was drafted to encourage progression of the QI project in an 

organized manner. The dates and steps listed were adjusted as needed according to IRB 

approvals and institution readiness for implementation. 

Data Collection 

Survey responses were collected from the participants that attended the training using 

Qualtrics. The investigator provided a quick response (QR) code and participants were reminded 

that their answers were confidential. In order to evaluate clinician improvement in confidence 

and competency of MH management, a post-pre survey was designed (ISTLD, n.d.) (Appendix 

D). The final draft of the survey was reviewed by the DNP Committee Chair of this project and 

the chief CRNA at the institution where training was later implemented. This ensured 

comprehensibility and applicability for desired project outcomes. Six quantitative questions were 

formatted utilizing a Likert-scale, ranging from “strongly disagree” to “strongly agree,” or 

appropriate equivalents. Four questions required participants to rank their answers while 

reflecting both pre- and post-training to allow for immediate comparison. Six additional 

quantitative and three qualitative questions were also utilized to help strengthen the results to 

illuminate that regular MH training should be adopted by the institution for optimal patient care 

and safety. No demographic data of the participants was deemed necessary in this scenario. After 

collection of the data in Qualtrics, the results were then appropriately filed within the College of 

Nursing’s online cloud, to be secured for six years after project defense (Office for Human 

Research Protections [OHRP], 2016). 
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Data Analysis 

Data was analyzed after all surveys were completed in Qualtrics. Data was then stored on 

a password protected computer and no demographic information was reported during collection 

and analysis. Qualitative responses were reported in an organized manner to appropriately 

represent participant answers. Quantitative results for both pre and post training answers were 

scored as numeric data, a score of “1” representing “strongly disagree,” up to “5” representing 

“strongly agree,” or appropriate equivalents. Both mean and median Likert scores were utilized 

for quantitative analysis to allow for identification of significant differences between pre- and 

post-training responses. Results were then represented visually in a bar graph.  

During the formation and implementation stages of this QI process, the investigator 

ensured reliability, validity and applicability of the project. The simulation training and protocol 

were developed and chosen using the most recent, evidence-based standard of care for MH 

management. The post-pre-surveys were designed to ensure applicability to any perioperative 

team and were peer-reviewed by experts in the field. 

RESULTS 

As previously mentioned, a monthly meeting is held with the anesthesia team at the 

chosen implementation facility. During the November meeting, eight anesthesia staff members 

attended. Due to the flyers posted the week before by the investigator, attendees were aware of a 

general implementation activity that would take place during this meeting. Of those who 

attended, there was 100% participation in the simulation activity, educational PowerPoint and 

survey portions of this QI project. Each question in the survey also had 100% response rate. In 
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order to keep participants completely anonymous, no demographic information was gathered 

during the implementation. 

Outcomes 

After active participation in the simulation and protocol/MH education portions of this 

project, participants were asked to take a survey compiled of both qualitative and quantitative 

questions, with fifteen questions in total. Participants unanimously answered that they had never 

seen MH in practice. All participants reported that they chose to utilize the protocol during the 

simulation training and that it was helpful. Additionally, all (100%) attendees responded ‘yes,’ 

that the educational presentation on MH increased their knowledge and that the training would 

be valuable for other applicable hospital staff members. When asked how often this type of 

training should occur, 50% of participants answered annually, followed by 25% answering 

biannually, and 25% answering quarterly. No participants chose “never” for this question, again 

reiterating that attendees found the training session useful (Figure 4). All participants also 

reported that the training improved their MH competence (7 out of 8 reported 5/5, or ‘a great 

deal,’ on a Likert scale, the remaining participant reporting a 4/5). Each participant also 

answered a ‘5’ out of ‘5’ on a Likert scale when asked how likely they would be to use the 

provided MH protocol during a true MH crisis in practice. A score of ‘5’ was representative of 

‘extremely likely.’ 

  



 

 
38 

Figure 4  

MH Training Frequency Responses: Question 6 

 

In order to extract cause and effect data for this QI project, four questions were created to 

elicit comparative responses. Participants were asked to answer these questions after 

implementation, but they required two responses: one representing how they felt about the topic 

before the training and the other representing how they felt after the training. Unfortunately, one 

participant did not appropriately follow these comparison instructions, only providing one 

answer per question, so only seven participant responses were utilized for results reporting. As 

demonstrated in Figures 5 and 6, both the mean and median scores improved for each topic after 

implementation. These topics included: confidence with MH recognition, confidence with 

dantrolene administration, confidence directing OR staff and comfort managing MH crisis. 
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Figure 5 

Median Survey Results: Questions 7-10 

 

Figure 6 

Mean Survey Results: Questions 7-10 

 

Three qualitative questions were placed at the end of the survey to elicit free responses 

from the attendees. When asked to list something they learned about MH in the presentation, half 
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of the staff reported that they did not know about early insertion of a Foley catheter for 

myoglobin evaluation. Two participants also learned that checking a creatine kinase (CK) value 

was important in an MH crisis. Others reported learning about the utilization of mannitol, 

tachycardia being an early sign of MH, and the details of dosing dantrolene. Participants were 

also asked what went well in the training, to which many responded that the simulation and 

protocol went well. Others referenced the positive group dynamic, good organization and flow, 

as well as the technology used for the presentation/simulation. In response to what could be 

improved, half of the participants responded “none” or “nothing.” Others mentioned that holding 

the training in the actual OR and with other hospital staff would be better. 

DISCUSSION 

Summary 

The goal of this QI project is to determine if the implementation of MH training, utilizing 

both simulation and protocol education, improves knowledge and confidence regarding the 

management of an MH crisis. The training session was supported by the anesthesia group at a 

hospital in Tempe, AZ. Simulation was formatted in a group setting. An optional protocol was 

provided and use was decided individually by providers during the exercise. Once the scenario 

was complete, MH education and protocol review was completed by the investigator to provide a 

thorough overview. All components were designed to emulate Bandura’s SCT, involving all 

arms of human agency to support comprehensive learning. The positive findings of this QI 

project were anticipated by this theory, supporting that this diverse format of training contributes 

to improved provider understanding, comfort and confidence surrounding an MH crisis. 
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Implications (Practice, Education, Research and Policy) 

Malignant hyperthermia is a rare, but fatal crisis that can occur with the use of the 

depolarizing neuromuscular blocker succinylcholine, as well as volatile anesthetic agents. This 

hospital specifically had no protocol or training in place to prepare for MH occurrence in 

practice, all while regularly utilizing these known triggering agents. Survey results revealed that 

no provider had seen MH in practice and on average, prior to the training, rated their confidence 

responding to various parts of an MH crises as “less than 3 out of 5.” Subsequently, after the 

implemented training, a majority of the participants reported “a great deal” of improvement in 

their competence responding to an MH crisis. 

The standard of care for all anesthesia groups utilizing triggering agents is to have a crisis 

plan in place regarding MH, usually including a protocol. Based on these findings, this hospital 

requires adjustment to their current practice surrounding MH preparedness. Attendees of the 

training unanimously chose to use the protocol and reported that it was helpful during 

simulation. They also responded that they would be “extremely likely” to use the protocol if 

faced with an MH crisis in practice. The anesthesia providers at the monthly meeting also stated 

that the educational portion of the QI project increased their knowledge and that it would be 

beneficial at least on an annual basis, as well as for other applicable hospital staff. These 

responses suggest that the lack of education provided regarding MH not only has room for 

improvement but should also be regularly scheduled with a wider reach throughout the hospital.  

The purpose of this QI project was to demonstrate a gap in MH preparedness at a local 

hospital, while providing a trialed solution to that gap: education and protocol implementation. 

Based on the findings of this project, protocols should be standardized in each OR for quick 
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utilization during an MH crisis. MH training is recommended on an annual basis, at least, and 

should entail both simulation and educational training formats for the most comprehensive 

learning. Training should also be extended to all staff working in departments that utilize 

triggering agents, as an MH crisis requires a team effort for patient survival. These members 

should be made familiar with the protocol, as well as attend structured group training to enhance 

MH crisis management success. Information on how to attain rights to the MHAUS protocol was 

shared with the chief of anesthesia. The above recommendations were also provided to the chief 

in order to support the initiation of MH policy change. 

Research surrounding the topic of MH is unfortunately limited by sample size, as it is a 

rare condition. Due to this limitation, randomized control trials and systematic reviews of MH 

are a gap in the research and needed for further support of MH crisis preparedness. Studies 

comparing staff with no MH policy to those who utilize a protocol and/or standardized training 

for MH management are also limited. Studies that focus on protocol use/regular training and 

their correlation to patient morbidity and mortality would be exponentially useful in encouraging 

widespread policy change. 

This project could be a stronger case for policy change if it showed improvement in MH 

preparedness on a larger scale, not just with anesthesia providers. Hospital policy is influenced 

heavily by applicability and patient satisfaction. If this QI project were replicated, and inclusive 

of all patient care staff within the ICU, endoscopy, and OR departments, it would provide a more 

robust impact with hospital administration. 
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Limitations 

As any research or project aims to contribute findings to improve policy and develop 

evidence-based practice, these results typically come with a certain level of limitations. In the 

case of this QI project, sample size was certainly a limiting factor. Part of this was due to the 

smaller scale hospital and anesthesia group chosen for implementation. The monthly meeting 

that was utilized for the training session was also at 6:30 am, prior to the start of the workday. 

Meeting attendance is voluntary, as providers are not compensated for their time should they 

participate. Lastly, the other OR staff were not able to attend because they are not employees of 

the anesthesia group that approved this implementation project. This would have made the reach 

of the QI project wider and increased the sample size significantly. 

Another limiting factor was the avoidance of collecting demographic experience. 

Demographics for the sample were not collected to ensure complete anonymity of participants. 

This was to strengthen the honesty of survey responses by providers who were asked to rate their 

confidence regarding MH, all while this training was endorsed by their current employer. 

Unfortunately, the inability to associate survey responses with the corresponding anesthesia 

background prevents evaluating additional significance of those responses. In example, when 

asked if providers had ever seen MH in practice, all attendees answered no. This result would be 

strengthened if the project had collected data on years and type of anesthesia experience 

throughout their career. Having a provider with two years of experience, at a small hospital, state 

they have never encountered MH is less substantial than a provider with twenty years of 

experience at a large hospital. 
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Despite great attempts to keep survey responses anonymous and honest, there is the 

potential for bias that must be disclosed. The investigator did a clinical rotation at this hospital 

site prior to the initiation of this project. Although no personal relationships with attendees were 

a concern, there is the potential for mentor-mentee bias that could have affected participation and 

survey responses. 

Despite the limitations and possibility for bias, these results have the potential for 

replication at any institute or department without a standardized protocol in place for MH. The 

results are also dependable and valid. The participants consistently reported throughout the 

survey that the protocol, simulation and training improved their confidence and competence 

surrounding an MH crisis, which represents reliability. The survey questions were derived to 

ascertain any improvement found after implementation. All members of the DNP project 

committee and the site’s chief of anesthesia screened questions to ensure validity of results. 

DNP Essentials Addressed 

DNP Essential I: Scientific Underpinnings for Practice 

This doctorate project addressed many of the essentials surrounding advanced nursing 

practice. The first essential is the scientific underpinnings for practice. Advanced nurses must be 

able to recognize scientific patterns of behavior within an environment and translate it to practice 

to improve positive health change (American Association of Colleges of Nursing [AACN], 

2006). In this case, providers must digest an evidence-based standard of care and be able to apply 

it to health care delivery when faced with an MH crisis.  
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DNP Essential II: Organization and Systems Leadership for Quality Improvement and 

Systems Thinking 

The second essential addresses leadership guiding quality improvement and systematic 

thinking. Advanced providers must conceptualize new ways of patient care while focusing on a 

target population (AACN, 2006). For this QI project, providers need not only recognize the 

patterns leading up to an MH crisis, but also understand the researched protocol to deliver 

appropriate care, and thus improve patient outcomes.  

DNP Essential III: Clinical Scholarship and Analytical Methods for Evidence-Based 

Practice 

The third essential is in no surprise applicable to this project. This essential discusses 

scholarly education and research to guide evidence-based practice (AACN, 2006). A vast 

literature review, across varied sources and disciplines, was completed to formulate a vault of 

evidence supporting this QI project. Topics ranged from nursing theory to crisis emergency 

manuals and beyond. This allowed for a background of evidence to be compiled, while also 

having resources to support the development of a QI project with successful implementation and 

results.  

DNP Essential V: Health Care Policy for Advocacy in Healthcare 

The success of implementation and positive results leads into the application of the fifth 

essential: health care policy for advocacy in health care (AACN, 2006). The goal of this project 

was to advocate for a new health care policy at a specific hospital utilizing triggering agents that 

can lead to an MH crisis. In order to recommend the standardization of education and protocol 

use regarding MH, change needed support from the results of the project. These results are then 
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presented to influence better delivery of care. As a future recommendation, this project lays the 

groundwork to apply the next essential.  

DNP Essential VI: Interprofessional Collaboration for Improving Patient and Population 

Health Outcomes 

Essential six involves interprofessional collaboration to improve healthcare outcomes 

(AACN, 2006). As previously mentioned, this project was unable to facilitate an 

interprofessional training to further support standardization of care for MH preparedness. 

However, this essential represents the next, stronger step to support widespread policy change 

throughout several departments in a healthcare system. 

DNP Essential VIII: Advanced Nursing Practice 

Finally, this project certainly applied the eighth and last of the DNP essentials, which 

reviews advanced nursing practice (AACN, 2006). This project is especially applicable to 

CRNA’s, who represent one part of the realm of advanced nursing. Education of nurse 

anesthetists only starts in a DNP program but learning and growth continues throughout their 

career. This project highlights the room for continued education surrounding MH and the 

importance of crisis management preparedness for advanced practice providers. 

Conclusions 

An extensive literature review of crisis management and malignant hyperthermia 

endorses advanced preparedness through MH protocol and training dissemination. Development 

of an MH simulation and education session, with protocol review, improved advanced provider 

confidence and competence regarding MH crisis management. Hospital policy should support 

staff by standardizing these procedures to ultimately improve patient care. 
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Plan for Sustainability 

This quality improvement project has great potential for sustainability. This will require 

buy-in from the anesthesia team, and eventually the hospital. Funding will be necessary to place 

protocols in each OR and implement regular training sessions for staff. This monetary 

requirement will likely be a deterrent for change but is a small sacrifice to advocate for patient 

survival. 

Plan for Dissemination 

This project will be presented on a poster at the Arizona Association of Nurse 

Anesthetists Sun ‘N Fun conference in March 2022 (Appendix H). An executive summary was 

also sent to the chief CRNA at the project site in Tempe, AZ (Appendix H). Further action, in 

response to the recommendations of this project, can then be taken to the anesthesia group and 

hospital administration. 

Funding  

The cost of this project, paid for by personal funds of the investigator, was $158.65 

(Appendix H). 
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APPENDIX A: 

SITE APPROVAL/AUTHORIZATION LETTER 
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APPENDIX B: 

CONSENT DOCUMENT (DISCLOSURE AND CONSENT FORM) 
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APPENDIX C: 

RECRUITMENT MATERIAL (RECRUITMENT EMAIL AND FLYER) 
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Recruitment Email 

Hello anesthesia team, 

As many of you know, my name is Michael Vincent and I am a DNP-3 SRNA student. I 

recently completed a clinical rotation with your group from December-May and appreciated the 

outstanding teaching environment you all provided to me. I am currently in the process of 

completing my DNP project crisis preparedness. After discussions with your chief CRNA, we 

believe your team would benefit from the project I have created, specifically to implement at 

your workplace. 

This project will take place at your monthly meeting in November. It will consist of a 

simulation training, crisis protocol, as well as a survey at the end to help me collect data 

regarding your experience during the session. Your participation is completely voluntary. All 

participation and data collected will be confidential. Partaking in the simulation and survey is 

considered consent to participate. To show my appreciation, I will provide breakfast and coffee 

during the session (please let me know of any dietary concerns if you plan to attend).  

 

Thank you for your time and I look forward to seeing you in November! 

Michael Vincent, RN, BSN, CCRN, SRNA 
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Recruitment Flyer 
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APPENDIX D: 

EVALUATION INSTRUMENTS (PROJECT SURVEY) 

 



 

 
56 

Project Survey 

Malignant Hyperthermia - A Plan for Improvement 
Start of Block: Malignant Hyperthermia - A Plan for Improvement 

 

 

Q1 Have you ever seen MH in practice? 

o Yes (1)  

o No (2)  
 
 
Q2 Did you choose to use the MH protocol during simulation training? 

o Yes (1)  

o No (2)  
 
 
Q3 If you did, was the protocol helpful? 

o Yes (1)  

o No (2)  

o I did not use the protocol (3)  
 
 
Q4 Do you feel the educational presentation about MH increased your knowledge? 

o Yes (1)  

o No (2)  
 
 
Q5 Do you think this training would be valuable for other staff with exposure to triggering 
agents (RNs, OR staff, ICU staff, etc.)? 

o Yes (1)  

o No (2)  
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Q6 In order to feel prepared for treating an MH crisis, how often should crisis training occur? 

o Annually (1)  

o Biannually (2)  

o Quarterly (3)  

o Never (4) 
 
Q7 How confident do you feel that you would appropriately recognize MH in the OR? 

 
Not 

confident 
(1) 

Slightly 
confident (2) 

Somewhat 
confident (3) 

Fairly 
confident 

(4) 

Extremely 
confident (5) 

BEFORE 
simulation (1)  o  o  o  o  o  

AFTER 
simulation (2)  o  o  o  o  o  

 
Q8 How confident do you feel with dosing and administration of dantrolene during an MH 
crisis? 

 
Not 

confident 
(1) 

Slightly 
confident (2) 

Somewhat 
confident (3) 

Fairly 
confident 

(4) 

Extremely 
confident (5) 

BEFORE 
simulation (1)  o  o  o  o  o  

AFTER 
simulation (2)  o  o  o  o  o  

 
Q9 How confident do you feel directing other OR staff throughout an MH crisis? 

 
Not 

confident 
(1) 

Slightly 
confident (2) 

Somewhat 
confident (3) 

Fairly 
confident 

(4) 

Extremely 
confident (5) 

BEFORE 
simulation (1)  o  o  o  o  o  

AFTER 
simulation (2)  o  o  o  o  o  
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Q10 In general, how comfortable do you feel managing an MH crisis? 

 
Extremely 

uncomfortable 
(1) 

Moderately 
uncomfortable 

(2) 

Neutral 
(3) 

Moderately 
comfortable 

(4) 

Extremely 
comfortable 

(5) 

BEFORE 
simulation 

(1)  
o  o  o  o  o  

AFTER 
simulation 

(2)  
o  o  o  o  o  

 
Q11 On a scale of 1 - 5 with 1 being none at all and 5 being a great deal, how much do you feel 
this training improved your competence for responding to an MH crisis?  

 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 

1 (1)  o  o  o  o  o  
 
Q12 On a scale of 1 - 5 with 1 being extremely unlikely and 5 extremely likely, how likely are 
you to use the protocol during your practice, if faced with an MH crisis? 

 1 (1) 2 (2) 3 (3) 4 (4) 5 (5) 

1 (1)  o  o  o  o  o  
 
Q13 Please list something that you did not know about MH which you learned after the 
presentation. 
 

__________________________________________________________________________ 
 

Q14 What do you think went well during this training session? 
 

__________________________________________________________________________ 
 

Q15 What part of this training session could be improved? 
 

__________________________________________________________________________ 
 
 
End of Block: Malignant Hyperthermia - A Plan for Improvement 
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APPENDIX E: 

PARTICIPANT MATERIAL (IN SITU SIMULATION SCENARIO / POST-SIMULATION 

EDUCATION POWERPOINT) 
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In Situ Simulation Scenario: 
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Post-Simulation Education PowerPoint:
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APPENDIX F: 

PROJECT TIMELINE 
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Completion 
Date 

Planning 
Pre-

Implementation 
Implementation Evaluation 

6/15/2021 

Meet with 
anesthesia group to 
gain support for 
project and discuss 
simulation and 
needs assessment. 

   

8/1/2021 
Utilizing needs 
assessment conduct 
the first planning 
meeting  

   

8/15/2021  Submit IRB application   

8/5/2021  
Pilot the Post-Pre 
survey and simulation 
to ensure usability 

  

8/12/2021 
Determine date/time 
of presentation and 
design recruitment 
materials 

   

10/15/2021 
Obtain email 
distribution list for 
applicable 
participants 

   

11/16/2021   

Manage simulation with 
protocol availability, 
provide protocol 
education and overview. 

Evaluate 
utilizing a Post-
Pre survey 

11/16/2021    Data analysis 

2/07/22    Project 
finalized 
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APPENDIX G: 

LITERATURE REVIEW GRID 
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Pub. Year 
Author’s Last Name Title of Publication Type of Study Main Outcomes or 

Findings 
Support for and or link to 

project 

Agarwala, A. V., 
McRichards, L. K., Rao, V., 
Kurzweil, V., & Goldhaber-
Fiebert, S. N. (2018) 
 
(Agarwala et al., 2019) 

Bringing perioperative 
emergency manuals to your 
institution: A “how to” from 
concept to implementation in 
10 steps 

Case study Meticulous planning in a 
step-by-step sequence is 
essential for implementation 
success. 
 
Place EM’s in every 
anesthesia location. 
 
Create interprofessional 
engagement. 
 
Demonstrate that a majority 
of anesthesia clinicians 
would use the new tool in 
some way within the first 
year. 

Provides insight for step-by-
step implementation. 

American Association of 
Nurse Anesthetists (2018) 

Malignant hyperthermia 
crisis preparedness and 
treatment 

Position statement Discussion of appropriate 
identification and treatment 
of MH. 

Importance of early 
treatment with dantrolene 
 
Importance of temperature 
monitoring. 
 
Providers should be aware of 
the triggering agents. 

Bindu, B., Bindra, A., & 
Rath, G. (2017) 

Temperature management 
under general anesthesia: 
Compulsion or option 

 Temperature monitoring is 
shown to be important for 
the identification of MH. 
However, many providers do 
not monitor consistently.  

Patients should always be 
temperature monitored 
intraoperatively for early 
identification of MH. 
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Pub. Year 
Author’s Last Name Title of Publication Type of Study Main Outcomes or 

Findings 
Support for and or link to 

project 

Bracco, F., De Tonetti, G., 
Masini, M., Passarelli, M., 
Geretto, F., & Celleno, D. 
(2018) 
 
(Bracco et al., 2018)  

Crisis resource management 
in the delivery room: 
Development of behavioral 
markers for team 
performance in emergency 
simulation 

 Human errors are the most 
relevant issue for adverse 
events in the OB patients. 
 
Simulation practice is 
essential for training of crisis 
resource management skills. 

Because human errors are 
the most relevant issue for 
crisis scenarios, a memory 
aid would help alleviate this 
issue. 
 
Simulation practice is a good 
method for ensuring ability 
to respond to crisis. 

Elder, L. (2017) 
 
(Elder, 2017) 

Simulation: A tool to assist 
nursing professional 
development practitioners to 
help nurses to better 
recognize early signs of 
clinical deterioration of 
patients 

 Improvement in nurse 
knowledge and self-
confidence demonstrated 
after simulation practice. 
 
Competency evaluation 
during simulation should be 
employed. 

Simulation proved useful to 
train nurses and improved 
knowledge and skill with 
decompensating patients 
(such as MH). 

Goldhaber-Fiebert, S. N. & 
Macrae, C. (2018) 
 
(Goldhaber-Fiebert & 
Macrae, 2018) 

Emergency manuals: How 
quality improvement and 
implementation science can 
enable better perioperative 
management during crises 

 Emergency manuals or 
cognitive aids can be used to 
improve outcomes during 
patient crisis. 
 
Even good teams can show 
improvement with the use of 
cognitive aids. 

Evidence consistent with the 
idea that cognitive aids are 
useful in emergent situations. 

Hardy, J. B., Gouin, A., 
Damm, C., Compère, V., 
Veber, B., & Dureuil, B. 
(2018) 

The use of a checklist 
improves anesthesiologists’ 
technical and non-technical 
performance for simulated 

 Checklists are useful for the 
treatment of MH 
perioperatively. 

Checklists help with time to 
treat and technical as well as 
non-technical skills. 
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Pub. Year 
Author’s Last Name Title of Publication Type of Study Main Outcomes or 

Findings 
Support for and or link to 

project 

malignant hyperthermia 
management 

Hepner, D. L., Arriaga, A. 
F., Cooper, J. B., Goldhaber-
Fiebert, S. N., Gaba, D. M., 
Berry, W. R., Boorman, D. 
J., & Bader, A. M. (2017) 
 
(Hepner et al., 2017) 

Operating room crisis 
checklists and emergency 
manuals 

 Different types of cognitive 
aids exist to assist in crisis 
situations. Checklists are 
among the most useful 
mitigating crisis. 
 
Four factors for successful 
implementation: create (or 
modify) a tool, familiarize, 
use and integrate. 

Consider a checklist as a 
cognitive aid. 
 
Determine which existing 
MH protocol to utilize and is 
appropriate for clinical site. 

Hommertzheim, R., & 
Steinke, E .E. (2006) 
 
(Hommertzheim & Steinke, 
2006) 

Malignant hyperthermia—
the perioperative nurse's role 

 Provides education on MH. Examples of questions that 
could be assessed before and 
after education is 
administered. 

Hopkins, P. M., Girard, T., 
Dalay, S., Jenkins, B., 
Thacker, A., Patteril, M., & 
McGrady, E. (2021) 

Malignant hyperthermia 
2020 

Protocol Updated crisis management 
guidelines for recognition 
and treatment of MH. 

Production of an alternative 
treatment algorithm. 
 
Suggested monitoring for 
operative patients. 

Isaak, R. S., & Stiegler, M. 
P. (2016) 

Review of crisis resource 
management (CRM) 
principles in the setting of 
intraoperative malignant 
hyperthermia 

 There is a need for a 
coordinated and 
comprehensive treatment 
plan for crisis situations such 
as MH.  

Providers can become 
experts in CRM, which can 
subsequently improve patient 
outcomes (i.e., MH). 
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Pub. Year 
Author’s Last Name Title of Publication Type of Study Main Outcomes or 

Findings 
Support for and or link to 

project 

Kim, H. J., Koh, W. U., 
Choi, J. M., Ro, Y. J., & 
Yang, H. S. (2019) 
 
(Kim et al., 2019) 

Malignant hyperthermia and 
dantrolene sodium 

Case study / expert opinion Preparing the first dose of 
dantrolene sodium before 
surgery can mitigate the risk 
of MH 

This does not seem cost 
effective. Enhanced training 
and recognition is likely a 
better strategy. 

Kollmann-Camaiora, A., 
Alsina, E., Domínguez, A., 
Del Blanco, B., Yepes, M. J., 
Guerrero, J. L., & García, A. 
(2017) 

Clinical protocol for the 
management of malignant 
hyperthermia 

Protocol Protocols can help provide a 
safety net when the 
symptoms of MH occur. 
These include carbon 
dioxide increase, 
hemodynamic compromise, 
acidosis, hyperpyrexia, 
cardiac arrest and many 
others. 

Promotion of the use of an 
MH protocol to save lives. 
 
Rapid six-step protocol can 
be employed to save lives. 

Lewellen, D. B. (2019) Malignant hyperthermia 
crisis: Preparing your 
endoscopy staff 

 Cognitive aids are useful in 
preparing staff to recognize 
MH to allow for efficient 
team work and patient 
outcomes. 

Staff need to be consistently 
trained on recognition and 
management of MH. 

Litman, R. S., Smith, V. I., 
Larach, M. G., Mayes, L., 
Shukry, M., Theroux, M. C., 
Watt, S. W., & Cynthia, A 
(2019) 
 
(Litman et al., 2019) 

Consensus statement of the 
malignant hyperthermia 
association of the United 
States on unresolved clinical 
questions concerning the 
management of patients with 
malignant hyperthermia 

Consensus statement There is no clearly defined 
HM susceptibility. 
 
Dantrolene is the priority 
treatment – not cooling the 
patient. 
 
Use external cooling before 
more invasive measures. 

Addresses many issues 
pertinent to the project: 
1) How much dantrolene 

should be available. 
2) What constitutes 

masseter muscle rigidity 
and how should it be 
managed. 

3) Defines the relationship 
between MH 
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Pub. Year 
Author’s Last Name Title of Publication Type of Study Main Outcomes or 

Findings 
Support for and or link to 

project 

susceptibility and heat / 
exercise related rhabdo. 

4) Defines EBP 
interventions to alleviate 
MH. 

5) What to do after 
successful acute 
treatment. 

6) Addresses family history 
susceptibility. 

Mullins, M. F. (2018) 
 
(Mullins, 2018) 

Malignant hyperthermia: A 
review 

Case study Large variability in the 
manner by which MH will 
manifest. 
 
Swift recognition and 
treatment is imperative to 
prevent mortality. 

Despite low likelihood of 
experiencing MH, it is 
essential to be prepared to 
treat. 
 
Advanced preparation is 
important to ensure adequate 
treatment – minimum of 
annual treatment drills. 
 
Make sure phones in all 
anesthesia areas can make 
long-distance phone calls. 

Paige, J. T., Garbee, D. D., 
Brown, K. M., & Rojas, J. D. 
(2015) 
 
(Paige et al., 2015) 

Using simulation in 
interprofessional education 

  Interprofessional education 
gives healthcare providers 
the opportunity to 
understand how other 
members contribute during 
crisis situations.  
 

Nurses, techs and surgeons 
may benefit from being 
trained together rather than 
each educational piece taught 
separately. 
 
Considering the lack of 
teamwork intraoperatively, 
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Pub. Year 
Author’s Last Name Title of Publication Type of Study Main Outcomes or 

Findings 
Support for and or link to 

project 

Teamwork intraoperatively 
is less than ideal 

perhaps a team approach to 
education would benefit 
everybody. 

Riazi, S., Kraeva, N., & 
Hopkins, P. (2018) 
 
(Riazi et al., 2018) 

Updated guide for the 
management of malignant 
hyperthermia 

Education  Provides significant insight 
to MH. 

1) Understanding of 
etiology, 
pathophysiology and 
genetics. 

2) Define clinical features 
for quick diagnosis. 

3) List steps of treatment. 
4) Calculate the correct 

dose of medication for 
treatment. 

5) Establishing referral for 
patient and family to 
specialty center for MH. 

Stephens, T., Hunningher, 
A., Mills, H., & Freeth, D. 
(2016) 
 
(Stephens et al., 2016) 

An interprofessional training 
course in crises and human 
factors for perioperative 
teams 

 Interprofessional approach to 
education was effective. 
 
Focusing on the most recent 
50 incident reports improved 
engagement. 

Education that combines 
professions may be more 
useful than training 
separately. 
 
Focusing on a real incident 
report may be more useful 
than fictitious. However, 
unlikely that MH incident 
report readily available.  
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APPENDIX H: 

OTHER DOCUMENTS AS APPLICABLE TO THE PROJECT (POSTER PRESENTATION / 

EXECUTIVE SUMMARY / PROJECT FUNDING) 
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Project Poster: 

 

Executive Summary: 
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Project Funding: 

Item Cost Total 
MHAUS poster set $45  
SimMon app $24.85 
Einstein’s breakfast $88.80 
 $158.65 
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