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ABSTRACT  

Purpose: The focus of the quality improvement (QI) project was to improve provider 

preparedness for malignant hyperthermia (MH) by increasing exposure and experience through 

biannual education. 

Background: Malignant hyperthermia (MH) is a rare hypermetabolic medical emergency that 

will result in significant morbidity and mortality if left untreated. MH is caused by a mutation in 

the ryanodine receptor (RYR1). When the defected RYR1 is exposed to triggering agents, it 

causes a continuous release of calcium from the sarcoplasmic reticulum leading to sustained 

contraction of the muscle. 

Methods: A descriptive design was used for this QI project in Mesa, Arizona. A post-

intervention survey assessed the level of knowledge retained after biannual education, perception 

of preparedness, usefulness of an MH flowchart, and benefit of biannual education. MH 

PowerPoint education and stimulated scenario was provided prior to the QI project in March 

2021. A second education session was delivered in person at the facility using the same 

PowerPoint presentation on November 8, 2021. The sample size included 20 participants. Data 

was collected through a post-intervention survey accessed through a QR code provided and 

through paper copies.  

Results: The QI project found that participants agreed that biannual education was beneficial. 

The key findings also included correct identification of trigger agents and MH treatment, 

location of MH carts and flowchart, and increased MH management confidence.  

Conclusion: The QI project found that participants agreed that biannual MH education was 

beneficial and improved confidence, which helps provider’s to be better prepared for an MH 
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emergency. Participants found the MH Development Tool useful, and it was laminated and 

placed in the MH cart to be utilized during an MH crisis. 
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INTRODUCTION 

Malignant hyperthermia (MH) is a rare medical emergency triggered by inhalation agents 

and succinylcholine (depolarizing muscle relaxant) given to susceptible patients (Table 1). MH 

can occur during the perioperative and postoperative period and following emergency intubation. 

Without treatment with dantrolene or ryanodex, the result is a rapid rise in temperature, 

arrhythmias, rhabdomyolysis, muscle rigidity, and death (Rosenburg et al., 2013; Rosenburg et 

al., 2015). Recognition of the early symptoms of this infrequent but serious phenomenon is vital 

knowledge healthcare professionals must possess in order to rapidly intervene before the 

situation becomes fatal. In the operating room (OR), the anesthesia provider is responsible for 

symptom recognition and intervention. Once the patient leaves the OR, the responsibility of 

recognition could fall to the bedside nurse. MH is rare, and many medical professionals may 

never encounter this crisis, leaving providers feeling unprepared or possibly misinterpreting 

symptoms (Malignant Hyperthermia Association of the United States [MHAUS], 2022). 

Although each facility has a form of mandatory MH education for its healthcare professionals, 

how often and how effective can vary widely. Implementing regular and frequent education for 

OR staff certified registered nurse anesthetist (CRNA), anesthesiologists, OR technicians, and 

OR nurses) and bedside nurses for an MH crisis will help providers feel prepared, decrease 

complacency, and provide long-lasting knowledge retention. 
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Table 1 

MH Pathophysiology, Triggering Agents, and Treatment 

Pathophysiology 

A mutated ryanodine (RYR1) receptor is exposed to triggering agents, 
resulting in unregulated influx of calcium from the sarcoplasmic reticulum 
(SR) into the intracellular space, causing sustained muscle contraction.  
 
The sustained muscle contraction exhausted normal aerobic metabolism by 
depleting adenosine triphosphate (ATP) and oxygen, forcing the body to 
convert to anerobic metabolism. Anerobic metabolism produces large 
amounts of carbon dioxide and cellular acidosis.  
 
The depletion of oxygen and ATP cause early signs: tachycardia, 
hypercarbia, and muscle rigidity. The body switching to anaerobic 
metabolism causes an increased production of lactate, worsening acidosis 
and leads to a mixed respiratory and metabolic acidosis state. A depleted 
energy state causes rhabdomyolysis, resulting myoglobinuria and 
hyperkalemia.  
 
The hypermetabolic process over time generates more heat, leading to 
hyperthermia.  
 
Extreme hyperthermia is associated with disseminated intravascular 
coagulation furthering morbidity and mortality.  
 

Triggering Agents 

All Inhalational Agents: (Currently in use in the United States) 
Desflurane 
Sevoflurane 
Isoflurane 

 
Depolarizing Muscle Relaxant 

Succinylcholine 
 

Treatment 

Dantrolene or Ryanodex 
 
Bind to RYR1 receptor and inhibit calcium release from the sarcoplasmic 
reticulum. 
 

Note. Source: O’Sullivan et al., 2001, Rosenburg et al., 2013, Rosenburg et al., 2015, & Paul-Pletzer et al., 2002. 
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Background Knowledge and Significance 

MH is a rare medical emergency that if left untreated, will result in significant morbidity 

and mortality. MH occurs in the adult population in one out of 100,000 surgeries and one out of 

30,000 pediatric surgeries. Although these data indicates that the occurrence is rare, the 

predisposing genetic change has a prevalence of one in 2000 patients (MHAUS, 2022). The 

predisposing gene causes a mutation most commonly in the ryanodine receptor (RYR1) (Table 

1). The mutated RYR1 causes abnormal proteins to be present within the muscle. When exposed 

to triggering agents a continuous release of calcium from the sarcoplasmic reticulum occurs 

leading to sustained contraction of the muscle (MHAUS, 2022). MH susceptibility is an 

autosomal dominant trait, which creates a 50% chance for children of parents with this trait to 

develop MH when exposed to triggering agents (MHAUS, 2022). This can significantly narrow 

the population that is susceptible and increases the risk for an MH crisis while also highlighting 

the importance for providers to be prepared. MH preparedness begins with understanding who is 

at risk and why, the current standards for treatment, and what resources are available during a 

crisis. 

CRNAs have a high degree of responsibility in the OR and manage patient care during an 

MH crisis. Many facilities incorporate yearly MH training, but does once a year training leave 

providers confident and prepared for an MH crisis? The American Association of Nurse 

Anesthetists (AANA) closed claims database of preventable errors identified themes, violation of 

standards and judgment errors. Violations in standards represented 75% of the preventable 

errors. The way in which an MH emergency creates pressure on the provider directly can lead to 

these violations, and results in failure to adhere to appropriate safety precautions. Judgment 
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errors are present in 65% of the preventable claims and represent a failure to recognize, 

diagnose, and treat. Judgement errors also include inappropriate planning and care, cognitive 

bias, and lack of vigilance and situational awareness (Kremer, 2019). This validates why MH 

education is essential because the infrequency of exposure and experience can lead to violations 

in standards and judgment during MH emergencies. Educational programs and simulation 

provide experience and repeated exposure, which will enhance comprehension, perception, 

expectations, and vigilance. Interactive training also improves automaticity, rapid intervention, 

knowledge retention, and clinical skills (Boet et al., 2014; Fung et al., 2015; Kremer, 2019). 

Local Problem 

The incidence of MH is difficult to quantify in the United States (US) and more difficult 

at the local level. In Mesa, Arizona, MH is rare, with no current data available. Although the site 

of implementation has not reported any MH emergencies, there is a high frequency of triggering 

agents utilized daily. Currently, MH education is provided yearly for OR and nursing staff. The 

chief CRNA has expressed concern about the lack of knowledge retention and requested more 

MH education. The education provided was for OR staff and bedside nurses receiving surgical 

patients who have received a triggering agent for emergency intervention. The need for frequent 

training was identified at this facility to improve recognition of early signs and symptoms, which 

will lead to rapid diagnosis and intervention for the patient. 

Intended Improvement 

Project Purpose 

The quality improvement (QI) project will implement biannually MH education to 

increase exposure and experience of participants in Mesa, Arizona. Increased exposure and 
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experience with MH will improve confidence and ultimately the perception of preparedness. The 

hope for this project is that with improved confidence and preparedness, performance during in a 

live MH crisis will be improved. 

Project Question 

Will malignant hyperthermia (MH) education implemented biannually improve provider 

confidence in symptom recognition and rapid treatment? 

Project Objectives 

Aim 1: Identify perception of knowledge deficit through a post-pre-survey to CRNAs, 

OR nurses, and post-anesthesia care unit (PACU) nurses. 

Aim 2: Develop and assess functionality the Malignant Hyperthermia Development Tool 

that lays out interventions for an MH crisis that can be utilized as a checklist 

during a crisis for OR staff (circulators, scrub techs, RNs, & CRNAs) and PACU 

nurses.  

Aim 3: Identify perception of confidence and preparedness through a post-pre-survey. 

Aim 4: Quantify knowledge retention after education session. 

Theoretical Framework 

Diffusion of Innovation Theory 

The diffusion of innovation (DoI) theory was developed in 1962 by Everett Rogers and 

focused on spreading new technology or ideas through four main influences: innovation, 

communication, time, and members of a social system. The diffusion aspect of the theory relates 

to the innovation gaining momentum over time and the spread or diffusion through the intended 

organization or adopters (Reed, 2019; Rogers, 2003). An innovation does not need to be a new 
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idea or new innovation but rather a new concept to an organization or adopters. Communication 

includes sharing information between the adopters or organization, and the time aspect involves 

the innovation-decision process (initiation of education to sustained adoption/rejection). 

Members of a social system include adopter of the innovation and can be separated into adopter 

categories (stakeholders), which can influence the rate of adoption leading to a social system 

change (Lunblad, 2003; Rogers, 2003). 

While the innovation drives long-term growth, and the greatest influence of this growth is 

accomplished through a process that insures successful and sustained adoption. Adoption is 

accomplished through what incentive the innovation provides the adopters (Benhabib et al., 

2019). The adoption and rate of diffusion is linked with five characteristics: relative advantage, 

complexity, observability, trialability, and compatibility (Lunblad, 2003; Rogers, 2003). 

The adopter category of the DoI theory addresses stakeholders and the strategies used to 

improve buy-in. The categories are separated into innovators (want to be first to try innovation), 

early adopters (leaders of change), early majority (non-leaders open to change), late majority 

(skeptics), and laggards (bound by tradition). Understanding which category each stakeholder 

falls into is important to help identify strategies to improve buy in for the innovation. 

Application 

Applying the DoI theory to MH education is accomplished by using the four main 

influences. The innovation, developing a tool that is an algorithm for MH that can be used as a 

checklist, guiding therapy to ensure no intervention is left out. This development tool will be 

referred to as the MH Development Tool. The MH Development Tool was an adaptation specific 

for the clinical site workflow adapted from the Stanford Emergency Manual and MHAUS 
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(MHAUS, 2022; Stanford Medicine, 2022). The next main influence is communication, 

increased MH education frequency will improve provider preparedness for safe healthcare 

interactions and outcomes. The initiation of MH education to sustained adoption or rejection 

involves the time aspect of the innovation-decision process. Lastly, understanding the members 

of the social system (stakeholders) and using the adopter category can help guide the approach 

used when trying to get individuals on board (Lunblad, 2003; Rogers, 2003). For example, the 

stakeholders for MH education utilization would be patients, OR staff (physicians, OR tech, OR 

nurses, and CRNAs), pharmacy, emergency room staff, and PACU nurses. Although patients 

will not be an active stakeholder for this project they are included because the outcome for 

improving MH preparedness should ultimately improve patient outcomes. The approach to 

creating buy-in with these separate groups of stakeholders would require very different 

approaches to ensure success in sustaining more frequent MH education sessions.  

The characteristics of the five categories influence the rate of diffusion of the innovation 

and will help adoption of MH education. The relative advantage is providers perceptions of 

being prepared for an MH crisis. The ease of using the MH Development Tool during a crisis 

addresses complexity, while the ability to access and observe MH education meets the 

observability characteristic. Implementing an MH educational program and surveying employees 

after MH education will allow for trialability and compatibility by measuring the value and 

experiences encountered. 

The DoI theory (Figure 1) was used to help MH preparedness project be successfully 

integrated and improve the perception of preparedness. A development tool and increased 

frequency of MH education can help to facilitate and improve communication between providers 
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in the hopes of allowing for better collaboration when dealing with a MH crisis. The 

characteristics of the five adopter categories will be helpful in overcoming problems that could 

arise with maintaining the longevity of this QI project. Understanding how to identify the 

different adopter categories can aid in developing solutions should barriers arise. Once a problem 

is identified that category can be specifically addressed and the innovation can be slightly altered 

to overcome challenges and allow a better fit to improve the rate of diffusion. 

Literature Synthesis 

Evidence Search 

A literature search related to MH was conducted through the University of Arizona 

Health Sciences Library utilizing PubMed and CINAHL Plus databases. These two databases 

were searched using the terms and phrases “malignant hyperthermia,” “education,” “crisis 

management,” and “interdisciplinary communication.” 

The PubMed advanced search was used using “malignant hyperthermia education,” 

which yielded 96 results. Limiting the search to the last five years, 2017 to present, full text 

articles, and including only English studies resulted in 55 articles. The search was then 

broadened to the search term “malignant hyperthermia” and used the same limiting criteria as the 

first search. The new search resulted in 751 studies. Search terms “interdisciplinary 

communication,” and “crisis management,” when paired with MH using the same modifiers were 

used and yielded zero results.  

CINAHL Plus was searched next using the key terms “malignant hyperthermia,” “crisis 

management,” and “education.” This search resulted in 1,498 studies. The date was restricted 

from 2017 to present bringing the results to 506. Next, the search was limited to academic 
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articles, resulting in 475 articles. Lastly, all studies that were not in the English language were 

excluded bringing the final results to 455 studies. The final results from both databases yielded a 

total of 1,261studies.  

Figure 1 

Diffusion of Innovation Theory 
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The final 1,261resulted studies were reviewed and included or excluded based on the 

relevance to the project question and key terms “malignant hyperthermia,” “education,” and 

“crisis management.” Four categories were created to further exclude studies that did not relate 

to the project question; increasing frequency improves knowledge retention, different forms of 

education (didactic & simulation), assessment tools for education analysis and cognitive 

tools/checklist, and the importance of improving vigilance for MH. 28 out of the 1,261 studies 

related to the project question and were included in the literature synthesis.  

Comprehensive Appraisal of Evidence, Strengths, Weaknesses, Gaps, and Limitations 

Education Frequency 

Five studies identified that increased frequency of education improved patient outcomes. 

Three studies were randomized control trials (RCT), one comparative study, and one qualitative 

study. Each of the studies indicated that education leads to improved patient outcomes. Although 

they all touched on the category’s main theme, only Artyomenko and Nosenko (2017) discussed 

that increased frequency of education more than yearly improved patient outcomes. In this study, 

they compared different training sessions with a different frequency of training using a two-sided 

t-test resulting in <0.05, which was significant. An evaluation of the efficiency of the overall 

training was lacking and a limitation to this study. Four other studies indicated that education 

improves response times and performance but did not discuss frequency. A RCT by Hardy et al. 

(2018) found that education session using a checklist for MH improved performance and 

adherence to MH guidelines. Another RCT by Kim et al. (2019) found that simulation-based and 

case-based education were equally beneficial in improving MH response times. Lelaidier et al. 

(2017) conducted an RCT that used smartphone applications during simulated crisis 
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management. The use of the smartphone application was associated with improved performance. 

Weinger et al. (2017) identified performance gaps during simulation-based training, indicating 

that even experienced and knowledgeable providers require more frequent education for 

knowledge retention.  

Educational Techniques 

Six studies, four RCT and two qualitative discussed different educational techniques. 

These techniques included a checklist, simulation-based training, digital, cognitive aids, didactic, 

or multiple forms. Lelaidier et al (2017) was a RCT that used a smartphone application during 

MH crisis management resulting in improved technical performance. Hardy et al. (2018) and 

Shear et al. (2017) are RCT studies that identified education in the form of checklists led to faster 

interventions. The levels of stress on the provider while using the checklist were not measured, 

along with if this type of education played a role in improving MH response time. Kim et al. 

(2019) did not find any significant data indicating that simulation-based training was more 

effective than didactic and does not lend strength to the discussion of identifying a specific type 

of education that could improve patient outcomes. Mossenson et al. (2020) found that cognitive 

aids repeatedly helped reinforce a systematic approach during crisis management. This study was 

qualitative and relied on skill retention and self-reported reflection of skills using the assessment 

tool anesthesia non-technical skills (ANTS) scores after simulation-based training. This study 

addresses provider preparedness after education but may not be strong evidence as perception 

may not accurately reflect response times. Schaad et al. (2017) identified that simulation-based 

training was extremely influential in MH crisis management. This training improved 

performance and communication between staff. The most significant limitation in this study and 



 

 
20 

in all the studies is that the education cannot be tested in a live MH crisis for comparative results 

and can only be done in simulation or by measuring perceived preparedness (Schaad et al., 

2017).  

Assessment Tools 

Seven studies (one systematic review, three RCT, one quantitative, & two qualitative) 

discussed the use of a checklist, cognitive aids, and assessment tools used to analyze education 

and educational tools. Everett et al. (2017), a RCT found that during a crisis management 

scenario teams were six times more likely to adhere to MH gudielines when using a checklist. 

Although teamwork was not affected with the use of a checklist, staff was freed up to assist in 

other areas during the scenario. Utilizing the checklist significantly improved medical 

management and scenario outcomes. Hardy et al. (2018) also used a checklist during an MH 

simulated scenario. The results indicated an improved adherence to MH protocol and increases 

performace scores. King et al. (2018) used a cognitive aid suring an MH education. Participants 

demonstrated faster response times. A RCT by Shear et al. (2018) found that residents performed 

more checklist items correctly when using a cognitive aid. Boet et al. (2018), Faudeux et al. 

(2017), and Mossenson et al. (2020) all used evaluation tools to measure the effectiveness of the 

education used during these studies. Although the evaluation tools did not answer the project 

question, they can be useful when developing and evaluating the project’s goal of MH education. 

The remaining studies utilize cognitive aids or checklists as education during simulated crisis 

scenarios. These studies can also be incorporated into educational techniques. 
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Vigilance 

Lastly, nine studies discussed the occurrence of MH and the need for provider vigilance. 

The nine studies included one systematic review, two qualitative, four descriptive, one 

quantitative, and one clinical practice guideline. These studies discuss what MH is and why 

staying up to date on education is vital for providers to remain vigilant. The most substantial 

study in this category was the systematic review that indicated a high degree of vigilance and 

treatment was needed during an MH crisis to decrease mortality and morbidity (Butala et al., 

2018). Gibbs et al. (2019) conducted a qualitative study found that morbidity and death were 

mitigated with prompt treatment for MH. Glahn et al. (2020) produced a clinical practice 

guideline that addressed key recommendations for MH treatment and the availability of 

Dantrolene. Kleidon (2020) conducted a descriptive study and found that an MH crisis required a 

five day stay in an intensive care unit with three days spent on a ventilator. Mullins (2018) 

conducted another descriptive study that discussed MH treatment and how vigilance is important 

because MH presentation can range from mild to severe symptoms. Riazi et al. (2018) in a 

descriptive study discussed an increased risk of dying from MH and highlighted the importance 

of being diligent in MH recognition. Smith et al. (2018) conducted a descriptive study that 

provided a summary of information to serve as a resource in identifying MH and treatment. 

Hosokawa et al. (2017) discussed another critical aspect for providers remaining vigilant in that 

other diagnoses can mimic MH or how MH could be mistaken for another diagnosis. Correctly 

identifying MH to intervene quickly improves patient outcomes. According to Weinger et al. 

(2017), performance and knowledge gaps were identified in experienced providers, supporting 

the project question that more education would be beneficial.  
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Education in different forms and increased frequency can improve response times, which 

ultimately leads to better patient outcomes. Although the data directly relates to the project 

question, the major weakness and limitation is the inability to measure the education and how it 

affects response times in a live MH crisis. The effectiveness of MH education and the MH 

Development Tool can be measured through a post-pre-survey identifying perceived 

preparedness. Provider perception is twofold in that it is a good measure of general perceptions 

of preparedness, but the data could be skewed since it is a measure of individual perceptions.  

METHODS 

Project Design 

MH is a rare medical emergency that many providers may not encounter throughout their 

careers. Although the occurrence of MH is rare, without intervention there is an increased risk of 

mortality. Improving MH preparedness can be accomplished through repeated exposure, which 

has been shown to improve perception, comprehension, expectations, and maintain vigilance 

(Anesthetists, 2018; Boet et al., 2014; Fung et al., 2015; Kremer, 2019) This quality 

improvement (QI) project was developed to improve the perception of preparedness through 

repeated MH exposure with biannual education sessions. Knowledge retention and provider 

preparedness was evaluated through a post-pre-survey. An MH scenario was discussed while 

reviewing the MH Development Tool to support communication, coordination, and effectiveness 

that a checklist offers. The MH Development Tool serves as an algorithm and checklist by 

breaking down all the interventions needed in an MH crisis and assigning the interventions to a 

specific team member. The MH Development Tool is 8” x 10” and laminated so that it can be 
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handheld during a crisis and allow for interventions to be crossed off during an MH crisis 

(Appendix E). 

Six outcomes were created and evaluated to ensure that the QI project’s goals and 

purposes were maintained. The outcomes included: 

1. Triggering agents identified. 

2. Identify and differentiate between the early and late signs and symptoms of MH. 

3. Know the location of MH cart, and where to locate the malignant hyperthermia 

association of the United States (MHAUS) hotline number. 

4. Identify the treatment for MH. 

5. Identify usefulness of the MH development tool and areas for improvement. 

6. Participants benefited from biannual MH education  

Model for Implementation 

Plan-Do-Study-Act (PDSA) Cycle 

The Model for Improvement (MFI) has been used successfully to improve processes and 

outcomes by many organizations through establishing an aim, outcome measures, and 

identifying change. An aim helps identify what is trying to be accomplished and is applied to the 

plan-do-study-act (PDSA) cycle to ensure success (Institute for Healthcare Improvement [IHI], 

n.d.). The outcome measures help keep the aim on track and identify the aim’s impact (IHI, n.d.). 

The PDSA cycle allows an intervention or change to be rapidly tested on a small scale, 

identifying if the intervention or change needs to be altered before enacting it on a large scale 

(IHI, n.d.). Once a change completes the PDSA cycle, it is ready for implementation. 

Implementation takes the change from testing into practice, leading to policy change (IHI, n.d.). 
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The MFI was utilized for this QI project (Figure 2) by creating the aim of improving 

provider preparedness through biannual MH education. The five outcome measures listed above 

were evaluated through a post-pre-survey along with assessing the MH Development Tool. A 

laminated copy of the MH Development Tool was left in each unit for participants to write 

feedback for any changes that would make it more user friendly. Once the laminated copies were 

reviewed for feedback, they were placed in the MH carts to be utilized during an MH crisis. The 

collected measures helped to identify if anything needed to be improved and what parts of the QI 

project were working.  

Plan 

The first part of the PDSA is planning (IHI, n.d.). The project investigator (PI) initiated a 

meeting with the chief CRNA to clarify educational needs and dates for implementation. Flyers 

(Appendix C) were created and emailed to the chief CRNA to be posted in the OR and PACU, 

along with an email that included a hyperlink. The hyperlink once selected redirected the 

participant to the disclosure form (Appendix B). An educational PowerPoint (Appendix E) that 

was previously developed and instituted at the site covered the etiology and pathophysiology of 

MH, triggering agents, early and late signs and symptoms, treatment, and job roles. The MH 

Development Tool that was developed with clearly defined roles, interventions, and workflow 

specific to the implementation site was reviewed with participants after the PowerPoint 

presentation to assess its usefulness and areas for improvement. 

Do 

The second part of the PDSA is implementing the plan, documenting unexpected 

observations and any problems, collecting and analyzing data (IHI, n.d.). Education was 
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provided through a printed PowerPoint presentation while participants followed along with their 

own copies. The education was presented four times to small groups of people in different units. 

These units consisted of the OR, preop, PACU, and cardiovascular catheterization lab (cath lab). 

After the power point education session, the MH Development Tool was reviewed and 

discussed. The MH Development Tool developed for this QI project included a checklist which 

could be held during an MH crisis to guide therapy. The PI ensured that all MH interventions 

were addressed, recognition of MH, time of first dose of dantrolene, calling the MHAUS hotline, 

and rating the effectiveness of the MH Development Tool. The post-pre-survey was available 

through a QR code provided by the PI and also through paper copies. The results using the QR 

code were automatically collected in Qualtrics for data analysis. The paper copies were collected 

face down in a designated area with no personal identifying information written by the 

participants and later manually entered by the PI. 

Study 

Study is the third part of the PDSA cycle that evaluates the implementation (IHI, n.d.). 

The PI analyzed the survey results and meet with the team (stakeholders & committee chair) to 

evaluate the data and then compared it to the project outcomes and goals. 

Act 

Act is the last part of the PDSA cycle, and it determines whether changes need to be 

made, the implementation is ready for adoption into practice, or if the plan should be abandoned 

(IHI, n.d.). If no problems were identified in the data, then the QI project is ready to be tested on 

a large scale and implemented into practice. If problems or challenges were identified after the 

data has been thoroughly analyzed, then modifications will be made to address the issues 
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encountered and then it will run through another PDSA cycle. If significant problems were 

identified, then a discussion will need to be made whether the QI project should be abandoned or 

wholly changed. 

Setting and Stakeholders 

The QI project was implemented in Mesa, Arizona at a level III trauma center with 178 

beds. The clinical site has 10 OR’s, two endoscopy suites, two obstetric ORs, seven labor and 

delivery rooms, 30 bed ICU, and a cardiac catheterization lab where patients can encounter MH 

triggering agents. Mesa is a suburb of Phoenix, Arizona and according to Data USA (2018), 

Mesa’s current population is 508,979, with a median age of 35.8. The population observed by the 

PI receiving surgical care was 50 years of age and older. Succinylcholine is the paralytic of 

choice for rapid induction sequence induction and endotracheal intubation for elective cases and 

for emergency airway access at this site of this QI project. Although the PI could not get 

statistics on the actual percentage of surgical patients that receive MH triggering agents, the PI 

observed that majority of patients do receive inhalational agents and/or succinylcholine if 

intubation is required.  

The PI received authorization for the QI project from the chief CRNA at a clinical site in 

Mesa, Arizona (Appendix A). The stakeholders include CRNAs, OR staff (scrub techs, RNs), 

Post-anesthetic care unit (PACU), pharmacist, emergency room staff, and patients. These 

stakeholders would benefit from MH education because they will all be receiving patients at risk 

of MH. One challenge involved with this QI project was stakeholder buy-in. Since MH is a rare 

occurrence, active involvement during education may be limited, leading to decreased 

knowledge retention. 
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Figure 2 

The Model for Improvement for Malignant Hyperthermia (MH) 

 

 
  

Aim
Improve provider preparedness 
and knowledge retenetion

Measure
1. Post-pre survey
2. Observation of utilization of roles/interventions 
flow chart

Change
1. Adjust MH Development Tool as needed
2. Education specific to the faciltiy needs

• Provide education.
• Assess feedback for MH 

Developement Tool.

• Evaluate survey for ways 
improvment opportunities.

• Evaluate perceptions of 
prepardeness.

• Compare findings to outcomes.

• Evaluate what worked and what 
can be improved from previous 
MH training.

• Alter presentation of education 
for different units. 

• Review MH Development Tool

• Evaluate what changes 
need to be made to 
improve the outcome 
measures.

• Implement new changes 
and cycle through PDSA 
cycle.

Act Plan

DOStudy
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Planning the Intervention 

The PI met with the chief CRNA and discussed the specific need for MH education. The 

PI obtained a site approval letter (Appendix A) for MH education at this site, and a time and day 

for the education was determined. The PI created a flyer (Appendix C) and the chief CRNA 

posted them in each unit. Along with the flyers, an email (Appendix C) was sent out to 

participants with an attachment of the flyer and a hyperlink that will reroute participants to an 

informational page about the project and consent disclosures (Appendix B). 

Educational PowerPoints already instituted at the facility were utilized during formal 

educational sessions (Appendix E). The education was originally intended to be in a big 

conference room to allow for one education session but the day of implementation the room was 

not available. The education was then provided to each unit and the depth of pathophysiology 

and pharmacology was altered based on each unit’s specific needs. The flexibility of the 

education for each unit and its participants allowed for a deeper understanding of why MH 

education was important to them and how or when MH could present to the unit. This allowed 

for increased exposure for possible MH patients in the future. The MH Development Tool was 

reviewed and discussed for each department and its usefulness was assessed. Participants were 

encouraged to write comments on the laminated MH Development Tool on how it can be 

improved and post-pre-survey assessed perceptions of usefulness and intention to use this tool. A 

QR code was provided to participants for easy access to the post-pre-survey, along with a paper 

copy of the survey (Appendix D). This survey assessed the level of retained knowledge and 

perception of preparedness. 
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Data collected from the survey and the notes from the laminated MH Development Tool 

were analyzed, and the results compared to project goals by the PI. Education and the MH 

Development Tool would have been altered if the data reflects that an area needs to be improved.  

Participants and Recruitment 

The project included participants that will provide direct care to patients receiving 

triggering agents. These participants consisted of CRNAs, OR staff (scrub techs, RNs, & 

surgeons), and PACU. The goal would be to have 25% of staff participation recruited through 

convenience sampling of participants that attended any of the four education sessions recruited 

through the flyers and emails provided in each unit break room or on the unit (Appendix C). 

Consent and Ethical Considerations 

Consent (Appendix B) was obtained from participants through viewing the email with the 

hyperlink of disclosure and educational time and date. Patients are not included in this project, 

and all participates are either employees of the hospital or a part of the anesthesia group 

servicing the clinical site and will attend voluntarily. The survey was confidential, and the 

observations of the MH Development Tool will contain no identifiable information and only note 

changes that the participants felt needed to be added or removed to improve usefulness. The data 

collected were password protected and have anonymizing responses. Computer IP addresses, 

location data, and contact information was not tracked by the survey database to maintain 

privacy. The completed paper copies were placed face down in a designated area containing no 

personal identifying information and collected at the end of the day. 
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Data Collection 

Qualtrics software from the University of Arizona was used by the PI to create the post-

pre-survey (Appendix D) that was originally developed by Dr. Lannie Kanevsky and the Institute 

for the Study of Teaching and Learning in the Disciplines and granted as free to use for 

educational purposes (Simon Fraser University, n.d.). The data were collected from participants 

through a QR code or directly on paper copies provided after the education session. If paper 

copies were used by participants, the PI instructed participants to not include any personal 

identifiers and to place the completed surveys into a designated bin to maintain confidentiality. 

The QR code was provided and allowed for direct access to the survey through the participants 

mobile devices. Data was conducted, tracked, and analyzed through Qualtrics. The data was 

password protected along with anonymizing responses. Qualtrics does not record IP addresses, 

location data, and contact information to maintain privacy. The survey consisted of 13 questions 

assessing ordinal data with multiple choice answers that displayed relative frequency and will be 

graphically displayed by a bar charts, assessed knowledge retention and perception of 

preparedness through multiple-choice, true/false, and a 5-point Likert scale of strongly 

disagree/disagree/neither agree nor disagree/agree/strongly agree. An interpretation of a 

confidence scale was included for one question based off existing confidence scales (Grundy, 

1992). The survey included one question that assessed the previous MH training session to be a 

measure of pre-intervention preparedness perception. 
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Data Analysis 

Data were collected on Qualtrics which automatically tracked responses allowing for 

easy analysis. The survey consisted of ordinal data and was displayed in a bar chart, through 

Likert scale, true or false, and multiple-choice questions. 

RESULTS 

Outcomes 

Demographic Sample 

Implementation for this QI project was conducted on November 8, 2021. Education was 

provided through a printed PowerPoint presentation four different times and included a total of 

20 participants: four CRNAs, four OR RNs, nine preoperative and PACU RNs, one scrub tech, 

and two nursing assistants. A laminated copy of the MH Development Tool was left in each unit 

for participants to review and encouraged to make any comments for improvement on the copy 

with an expo marker. At the end of the day the PI collected the copies of the MH Development 

Tool for review and completed paper copies of the survey. A QR code was given after the 

education session and remained open for a week after. The survey response rate was 45% with 

the highest proportion of respondents were four RNs (44%), followed by three CRNAs (33%), 

and two scrub techs/assistants (22%). Eight participants responded on the first day and one on 

the second day (Figure 3). 

Findings 

The survey consisted of 13 questions that addressed the six outcomes for the QI project. 

Questions 1-6 had seven responses (77%) and questions 7-13 had nine responses (100%). The 

six outcomes created for this QI project were addressed through the survey results.  
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Figure 3 

Participant Demographics 

 

The first question addressed identifying triggering agents and 93% (6 out of 7) of 

participants correctly identified MH triggering agents through a knowledge-based question on 

the survey. Six participants identified the two triggering agents, while one only selected one of 

the triggering agents (Figure 4). 

Figure 4 

Triggering Agents Identified 

 

# Answer % Count 
5 Vecuronium 0.00% 0 
4 Succinylcholine 46.15% 6 
1 Rocuronium 0.00% 0 
3 Nitrous Oxide 0.00% 0 

2 

Inhaled 
anesthetics 

(Desflurane, 
Sevoflurane, 

Isoflurane) 

53.85% 7 

 Total 100% 13 
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Identifying and differentiating between the early and late signs and symptoms of MH was 

the second and third question on the survey and only seven out of nine participants answered 

addressed representing only 77% of the participants. The early signs and symptoms of MH were 

100% correctly identified (Figure 5).  

Figure 5 

Early Signs of Malignant Hyperthermia (MH) 

 

 

 

 

The late symptoms indicated that more education may need to be provided because the 

survey question was presented as a knowledge-based question that required participants to select 

five correct late symptoms out of six possible choices. All participants correctly identified two of 

# Answer % Count 
1 Increased ETCO2 33.33% 7 
2 Elevated temperature 0.00% 0 
3 Bradycardia 0.00% 0 
4 Tachycardia 33.33% 7 
5 Dark colored urine 0.00% 0 
6 Masseter's sign 33.33% 7 
 Total 100% 21 
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the five symptoms. While two other correct symptoms received five correct responses (71%). 

Lastly, there was one correct answer that received six response (86%), and one participant 

recognized an early sign and symptoms as a late one (Figure 6). 

Figure 6 

Late Signs of Malignant Hyperthermia (MH) 

 

 

 

 

Question 4 received six out of seven (86%) responses correctly identifying that the MH 

carts are in the OR and OB unit (Figure 7). On Question 5, seven out of seven (100%) knew the 

location of the Malignant Hyperthermia Association of the United States (MHAUS) hotline 

number (Figure 8). 

  

# Answer % Count 
1 Elevated temperature 22.58% 7 
2 Sweating 3.23% 1 
3 Dark colored urine 22.58% 7 
4 Hyperkalemia 19.35% 6 
5 DIC 16.13% 5 
6 Cardiac Arrest 16.13% 5 
 Total 100% 31 
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Figure 7 

Location of Malignant Hyperthermia (MH) Carts 

 

Figure 8 

MHAUS Hotline Location 

 

There are two treatment options available for MH: dantrolene and ryanodex. The clinical 

site in this QI project only has dantrolene available, but the survey had both treatment options 

available to select since it was included in the education session. Question 6 asked what the treat 

for MH was and seven out of seven (100%) responded correctly. Dantrolene was correctly 
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identified dantrolene by all participants but only five out of seven (86%) chose ryanodex (Figure 

9).  

Figure 9 

Treatment for Malignant Hyperthermia (MH) 

 

The PI collected the MH Development Tool at the end of the day on November 8, 2021, 

and noted that there were no comments for improvement. Two questions on the survey (7 & 10) 

addressed the MH Development Tool. Question 7 asked on a scale from 1 to 10 (10 being most 

helpful) how useful the tool was. Eight out of nine (89%) responded with a score of 10 and one 

responded with an eight out of ten (11%) (Figure 10). Question 10 asked if the participants 

planned to use the MH Development Tool in an MH emergency, and all nine responded that it is 

true that they would (100%) (Figure 12). Nine out nine participants answered Question 8 

correctly by identifying where to the MH Development Tool was located (100%) (Figure 11). 
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Figure 10 

Helpfulness of Malignant Hyperthermia (MH) Flowchart 

 

Figure 11 

Location of Malignant Hyperthermia (MH) Flowchart 
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Figure 12 

Malignant Hyperthermia (MH) Flowchart Use 

 

In Question 9, eight out of the nine participants (89%) “strongly agreed” that the previous 

MH education was beneficial, while one person (11%) “neither agreed nor disagreed” that the 

previous education session was beneficial (Figure 13). When asked about confidence in 

managing an MH crisis today (Question 11), five out of nine participants answered, “strongly 

agreed” (56%). Two participants “somewhat agreed” that they could manage an MH crisis 

efficiently while one “neither agreed nor disagreed.” One participant “strongly disagreed” that 

they could manage an MH crisis (Figure 14). In Question 12, nine out of nine (100%) responses 

agreed that biannual MH education was beneficial (Figure 15). 
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Figure 13 

Educational Benefit and Preparedness 

 

Figure 14 

Malignant Hyperthermia (MH) Confidence 
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Figure 15 

Biannual Education 

 

DISCUSSION 

Summary 

MH is medical emergency that can occur when a susceptible patient receives a triggering 

agent. It can present following intubation or any time during the perioperative and postoperative 

period. There is significant morbidity and mortality if MH is left untreated, resulting in 

hyperthermia, muscle rigidity, rhabdomyolysis, arrhythmias, and death (Rosenburg et al., 2013; 

Rosenburg et al., 2015). Since MH is rare, early recognition and treatment is important for safe 

patient outcomes. A recent systematic review highlighted the need for a high degree of vigilance 

and treatment with dantrolene was essential for patient survival (Butala et al., 2018). Facilities 

have yearly mandatory MH education for healthcare professionals, but is this yearly training 

enough to properly prepare for this crisis? Artyomenko and Nosenko (2017) found that during 

simulated emergency training participants rapid decision-making skills improved after a fifth 
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training session, highlighting the necessity for more crisis management education. At this site 

biannual MH education was conducted. The site frequently uses triggering agents for MH, 

making biannual education even more important. The first education session consisted of a 

PowerPoint presentation in a conference room where all departments (OR, preop, PACU, & cath 

lab) were present. The education session was followed by a simulated scenario in PACU using 

the MH Development Tool during simulation. The second education session was a part of this QI 

project that reviewed the same PowerPoint presentation and reviewed the MH Development Tool 

for usefulness with 20 participants. The education was delivered in each department (OR, preop, 

PACU, & cath lab) instead of in one big group setting. The education was altered and 

individually adjusted to fit the depth and level of MH knowledge required (e.g., pathophysiology 

& pharmacology for CRNAs). The MH Development Tool was reviewed after each education 

session. 

Interpretation 

The findings support the need for biannual education. All nine survey responses agreed 

that biannual education would be beneficial. All (100%) participants agreed biannual education 

was beneficial along with MH confidence scores of 78% (55.56% strongly confident, 22.22% 

somewhat confident, 11.11% are neither confident nor not confidents, 11.11% are strongly not 

confident) support the ongoing need for biannual MH education. Everett et al. (2017), conducted 

a randomized control trial and found that using a checklist helped participants adhere to the 

emergency protocols, improved outcomes, and freed up staff to assist in other areas of crisis 

management. The MH Development Tool was reviewed with participants, and they were 

encouraged to write down changes they felt would improve this MH Development Tool. The PI 
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noted that no suggestions were made for improvement. The survey results also supported the 

findings that the participants agreed the flowchart was useful (11.11% rated its usefulness an 8 

out of 10, while 88.89% rated is 10 out of 10) and 100% planned to use it during an MH crisis.  

Implications (Practice, Education, Research and Policy) 

The data from this QI project suggest that practice should change from yearly to biannual 

MH education due to the high frequency of triggering agents used daily. Although any clinical 

site might benefit from biannual MH education the reality of formal biannual education and 

simulation may not be sustainable. The PI found that during the education sessions many 

participants did not understand why MH education related to them. The triggering agents for MH 

are not typical medications that nurses administer daily. Education about the triggering agents, 

how and when they are administered could be useful to help understand why MH education is so 

important. The policy change that should be made is biannual education to all staff in the OR, 

PACU, ICU, and ED where triggering agents are used. It was difficult to get participants in the 

OR due to scheduling. In the future more research could be conducted to include a larger sample 

from the OR and MH simulated crisis management scenarios. The PI noted more interactive 

participation in a small group education sessions. If QI project were expanded the PI would 

recommend encompassing a larger sample size from the OR but offering multiple small group 

education sessions followed by a simulated crisis scenario.  

Limitations 

One limitation encountered during this study was a lack of space for formal education. 

The site was unable to secure an educational room for the PowerPoint presentation. The PI had 

to print the presentation and go to each unit for the education session. If an educational room 
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were available this could have allowed more participants to attend in order to get a larger sample 

size to survey. The emergency room (ER) was another target population for MH education since 

succinylcholine, a triggering agent can be used for emergency intubations. Unfortunately, from 

the ER no one was free to attend the PIs education session. Another issue encountered was 

during the survey response. Nine participants completed the survey, seven electronically and two 

paper copies. Only seven participants answered the first six questions, while Questions 7 through 

13 had all nine responses. The PI is not certain if a technical problem resulted or if some 

participants did not want to answer the knowledge-based questions. COVID-19 has impacted 

many areas in healthcare, and more effects may still occur. The PI questions whether the need for 

rapid sequence intubation will affect future MH occurrence from increased succinylcholine use. 

DNP Essentials Addressed 

The DNP essentials addressed in this QI project include DNP Essential III – Clinical 

Scholarship and Analytical Methods for Evidence-Based Practice, DNP Essential VI – 

Interprofessional Collaborations for Improving Patient and Population Health Outcomes, and 

DNP Essential VII – Clinical Prevention and Population Health for Improving the Nation’s 

Health. 

Conclusions 

The QI project found that biannual MH education was beneficial in improving provider 

preparedness for an MH emergency. Participants correctly identified triggering agents, early 

symptoms, and location of the MH carts. The MH Development Tool that was created during the 

first education session was well received by participants and the facility. Participants agreed that 

the MH Development Tool was useful and plan to use it in an MH crisis. The plan for 



 

 
44 

sustainability included laminating the MH Development Tool and placing it in the MH cart for 

use during an emergency. The laminated copies used during the education with the attached expo 

markers were placed in the MH care wand will be used during an MH crisis. The plan for 

dissemination involved the PI creating a poster with the project results. This poster was 

presented at the Arizona Association of Nurse Anesthetists (AANA) Sun and Fun 2022 

conference. The site of implementation frequently uses triggering agents increasing the risk for a 

potential MH crisis making biannual education important. Repeated exposure to MH education 

will help providers be better prepared to recognize MH and intervene to prevent mortality. 
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APPENDIX A: 

SITE APPROVAL 
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APPENDIX B: 

CONSENT DOCUMENT (DISCLOSURE AND CONSENT FORM) 
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Malignant Hyperthermia: Improving Provider Preparedness  

Principal Investigator: Kristin Grammatico, BSN, RN, DNP Candidate 
 
The purpose of this evidence-based practice project is to improve preparedness for a malignant 
hyperthermia (MH) emergency in the OR and PACU. This will be accomplished through a 
PowerPoint presentation and case study scenario.  
 
If you choose to take part in this study, you will attend an education session and be asked to 
complete a survey created to assess MH preparedness. It will take approximately 30-60 minutes 
to complete the education and 5-10 minutes to complete the survey. The implementation phase 
of this project is four weeks, during which time, emails and meeting announcements will be 
given to participants based on the time allotted from the facility. The total time commitment for 
participants is expected to be 1-2 hours. 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 
not be paid for 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 surveys will remain anonymous, and the data collected will be stored securely with 
only the principal investigator having access to the information. Your name will not be collected 
or linked to your answers. Information collected about you will not be used or shared for future 
research studies. 
 
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. However, there 
may be circumstances where this information must be released or shared as required by law. The 
University of Arizona Institutional Review Board may review the research records for 
monitoring purposes. 
 
An Institutional Review Board responsible for human subjects' research at The University of 
Arizona reviewed this research project and found it to be acceptable, according to applicable 
state and federal regulations and University policies designed to protect the rights and welfare of 
participants in research. 
 
For questions about your rights as a participant in this study or to discuss other study-related 
concerns or complaints with someone who is not part of the research team, you may contact the 
Human Subjects Protection Program Director at 520-626-8630 or online at 
http://rgw.arizona.edu/compliance/human-subjects-protection-program. 
 

http://rgw.arizona.edu/compliance/human-subjects-protection-program
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For questions, concerns, or complaints about the study, you may contact: 
Kristin Grammatico, BSN, RN 
DNP-NA Candidate 
602-510-0687 
kmg5@email.arizona.edu 
 
You agree to have your responses used for research purposes.  
 

mailto:kmg5@email.arizona.edu
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APPENDIX C: 

RECRUITMENT MATERIAL (RECRUITMENT FLYER AND EMAIL) 
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Malignant Hyperthermia Education 
When: November 8th 8:00 am, 9:00 am, 

& 10:00 am 
Where: Conference Room 
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To: OR staff, CRNA, PACU nurses 
From: Craig Ryan 
Subject: Malignant hyperthermia education  
 
Malignant hyperthermia education will be available on November 8th. This formal education 
session will be provided by Kristin Grammatico who is a student nurse anesthetist from the 
University of Arizona. The education session will be in the conference room next to the 
cafeteria. Please see the flyer and disclosure forms attached below for times and more 
information about participating in this education.  
 
 
Craig Ryan 
 
Attachments: Flyer and disclosure form 
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APPENDIX D: 

EVALUATION INSTRUMENTS, STUDENT CREATED DATA COLLECTION TOOLS 

(SURVEY QUESTIONS – QUALTRICS) 
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Survey Questions (Qualtrics): 

 

  

 

 

 
 

 
 

 

) . What are the triggering agents for MH? (Select all that 
 

1 

 

 
 

 
 

 
 

) . Select 3 early signs of MH? (Select all that 
 

2 

 

 
 

 
 

  

. What are the late signs of MH? (Select all that 
 

3 ) 
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4 ) . Where are the MH carts located? (select all that 
 

 

 
 

. True or false MHAUS hotline number can be located on the MH 
 

5 

 

  
 

 
 

6 . What drug is administered to treat MH? 
  

2
 

 

 
 
 
 
 
 
 
 
 
 

7 . How helpful do you feel the MH flow chart created during the previous 
 education 
  

On a scale from 1-10, 10 being the most helpful and 1 being 
 helpful
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11.   My role in an MH crisis would be? 
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APPENDIX E: 

PARTICIPANT MATERIAL (POWERPOINT PRESENTATION AND CRISIS FLOW 

CHART) 
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APPENDIX F: 

PROJECT TIMELINE 
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Completion 
Date Planning Pre-

Implementation Implementation Evaluation 

April 26, 
2021 

Submit proposal to 
project chair 

   

May 8, 2021 Submit Project 
Proposal PowerPoint 

   

May 12, 
2021 

IRB application 
submission 

   

May 20, 
2021 

Set a date for a 
meeting with chair 
and ICU clinical 

manager to discuss 
dates for 

implementation. 

   

May 27, 
2021 

 Submit educational 
PowerPoint to chair, 

chief CRNA, and 
ICU charge 

  

June 9, 2021  Submit survey 
questions to chair 

  

June 9, 2021  Obtain site 
authorization letter 

  

July 20, 
2021 

 Project Defense   

November 
8, 2021 

  Implemented 
Project and 

collected data 

 

November- 
December 

2021 

   Analyze 
data 
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APPENDIX G: 

LITERATURE REVIEW GRID 
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Project Question: Will MH education implemented biannually improve provider confidence in symptom recognition and rapid 
treatment? 

Pub. Year 
Author’s Last Name 
Title of Publication 

Type of Study Main Outcomes or Findings Support for and or link to project 

Artyomenko, V. V. (2017). 
Anesthesiologist’s simulation 
training during emergencies in 
obstetrics 

• Prospective, descriptive, 
and comparative study  

• Sample size: 

• The fifth training sessions resulted in a 
significant decrease in manipulation 
time for all skills. 

• All invasive techniques significantly 
improved during the anesthesiologist’s 
training. 

• Cardiopulmonary resuscitation 
effectiveness improved significantly (p 
< 0.01). 

• Two-fold decrease in execution times. 
• Significant improvement of speed 

indicators and the basic manipulations. 

• The human factor remains the 
most important influence on 
patient outcomes.  

• Emergency medical management 
of patients improved after the fifth 
education session, indicating that 
malignant hyperthermia (MH) 
education should be provided 
more frequently than the yearly 
training to improve patient 
outcomes. 

Boet, S. (2018). Measuring non-
technical skills of anesthesiologists 
in the operating room: A systematic 
review of assessment tools and their 
measurement properties 

• Systematic reviews and 
meta-analyses 

• Sample size: 

• Out of the seven tools 
anesthesiologists’ non-technical skills 
tool (ANTS) was found to be a valid 
and reliable tool for measuring 
anesthetist’s non-technical performance 
for both initial and continuing 
professional development (e.g., 
communication, leadership, situation 
awareness). 

• Help guide which tool could be 
used to measure educational 
benefit.  

Butala, B. (2018). Malignant 
hyperthermia: Review of diagnosis 
and treatment during cardiac surgery 
with cardiopulmonary bypass 

• Systematic reviews and 
meta-analyses 

• Sample size: 30 cases 

• MH can present after completion of 
CPB, and— regardless of the time that 
MH is diagnosed—treatment with 
dantrolene is essential. 

• Indicates that a high degree of 
vigilance and treatment of 
dantrolene during an MH crisis is 
vital for favorable outcomes and to 
decrease mortality and morbidity. 

• This study was specifically for 
CPB patients, but it does state that 
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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 

MH can occur after surgery 
highlighting the need for my DNP 
project.  

Evain, J. N. (2019). Team planning 
discussion and clinical performance: 
a prospective, randomized, 
controlled simulation trial 

• RCT 
• Sample size: 44 

participants 

• This study highlights the positive 
impact of a team planning discussion on 
clinical performance of trainees 
participating in simulated scenarios. 

• This study highlights the 
importance of training and team 
communication, but nothing 
substantial. 

Everett, T. C. (2017). The impact of 
critical event checklists on medical 
management and teamwork during 
simulated crises in a surgical 
daycare facility 

• RCT 
• Sample size: 35 

participants 

• Medical management was significantly 
improved by the presence of a 
checklist. 

• Teams performed worse without the 
checklists available.  

• Teamwork did not appear to be affected 
by checklist use in either session. 

• Teams were six times more likely to 
adhere to key processes when using the 
checklist. 

• Lack of familiarity with cognitive aids 
and checklists was shown to be 
problematic. 

• The use of critical events checklists had 
no effect on medical management or 
teamwork during simulated crises.  

• This study utilized a checklist that 
improved outcomes and freed up 
more staff to assist in critical crisis 
management but did not improve 
team communication.  

• A checklist was not effective 
without previous education. 

Faudeux, C. (2017). Development 
of reliable and validated tools to 
evaluate technical resuscitation 
skills in a pediatric simulation 
setting: Resuscitation and 
emergency simulation checklist for 
assessment in pediatrics 

• Quantitative 
• Sample size: 65 

participants 

• Four resuscitation and emergency 
simulation checklist for assessment in 
pediatrics (RESCAPE) evaluation tools 
were found to be reliable and for the 
evaluation of technical resuscitation 
skills in pediatric settings during 
simulation-based educational programs.  

• This would be useful to develop an 
assessment tool that could evaluate 
MH education. 
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Gibbs, Ian C. (2019). Malignant 
hyperthermia: A case report in a 
trauma patient 

• Descriptive • Prompt delivery of adequate treatment 
will mitigate morbidity and death in 
affected patients. 

• This study helps visualize the 
importance of maintained 
vigilance to be able to identify 
early signs to implement treatment.  

• Increased temperature is a late sign 
and waiting until there is a rise in 
temperature increases the risk of 
mortality.  

Glahn, Klaus P. E. (2020). 
Availability of dantrolene for the 
management of malignant 
hyperthermia crises: European 
Malignant Hyperthermia Group 
guidelines 

• Clinical practice 
guidelines 

• 25 members of the 
European Malignant 
Hyperthermia Group 
participated 

• Key recommendations include: the 
dosing regimen of dantrolene should be 
based on actual body weight, dantrolene 
should be available wherever volatile 
an- aesthetics or succinylcholine are 
used, and 36 vials (720 mg) of 
dantrolene should be immediately 
available with a further 24 (480 mg) 
vials available within 1 h. 

• This was MH guideline 
implementation. 

• It will not be useful to the DNP 
question or project.  

• It discusses dantrolene not being 
available, highlighting how 
important it is being prepared for 
MH crisis. 

Hardy, J. B. (2018). The use of a 
checklist improves 
anesthesiologist’s technical and 
non-technical performance for 
simulated malignant hyperthermia 
management 

• RCT 
• Sample size: 24 

anesthesiologists 

• Use of the MH checklist during a 
simulation session improved adherence 
to guidelines and non-technical skills.  

• Checklists leads to better awareness and 
training for anesthesiologists. 

• The checklist group had higher 
technical performance scores and 
administered the complete initial dose 
of dantrolene (2 mg/kg) more quickly.  

• This study directly relates to the 
DNP question and indicates the 
importance that education leads to 
faster intervention. 

• In this study education was 
provided through a checklist, 
which guided treatment. 

• This study was not able to measure 
stress levels and the use of the 
cognitive aid.  

• There was also no clear data about 
MH recognition and if education 
or checklists played a role with 
rapid MH diagnosis.  
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Hosokawa, Y. (2017). Round table 
on malignant hyperthermia in 
physically active populations: 
Meeting proceedings 

• Qualitative 
• Sample size: 

• Clinicians should consider an MH-like 
syndrome when a diagnosis of 
exertional heat stroke (EHS) or 
exertional rhabdomyolysis (ER) cannot 
be fully explained by clinical signs and 
symptoms presented by a patient or 
when recurrent episodes of EHS or ER 
(or both) are unexplained.  

• Further research is required to elucidate 
the genetic and pathophysiological links 
among MH, EHS, and ER. 

• This study is not very helpful for 
answer the DNP question.  

• Provided some additional 
information on initial diagnosis 
considering an emergent OR case 
and how other things could mimic 
MH or how MH could be mistaken 
for EHS or ER. 

Kim, T. W. (2019). Efficacy and 
cost comparison of case-based 
learning to simulation-based 
learning for teaching malignant 
hyperthermia concepts to 
anesthesiology residents 

• RCT 
• Sample size: 23 

participants 

• Written examination assessment and 
teaching anesthesia residents about and 
care of MH patients can be 
accomplished in the classroom with 
simulation-learning. 

• Success was associated with 
simulation-based learning but 
concluded that case-based learning is a 
cost-effective alternative.  

• This study did not find any 
significant data indicating that 
simulation was better than case-
based training. 

• This directly relates to the DNP 
question that MH education is 
important but doesn’t require 
simulated learning.  

King, R. (2018). Using eye tracking 
technology to compare the 
effectiveness of malignant 
hyperthermia cognitive aid design 

• Qualitative  
• Sample size: 12 

participants 

• Differences were detected between 
cumulative time to answer survival 
curves (P < 0.001).  

• Participants demonstrated the shortest 
cumulative time to answer when 
viewing the Society for Pediatric 
Anesthesia (SPA) cognitive aid 
compared to four other publicly 
available cognitive aids for malignant 
hyperthermia. 

• Years of experience did not influence 
the outcome. 

• This study does not directly relate 
to the DNP project or question.  

• An evaluation of a cognitive tool 
can be useful when deciding future 
education and visual aids. 
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Kleidon, C. (2020). Malignant 
hyperthermia in a regional facility: 
A case study 

• Descriptive • The patient suffered three recurring 
events of MH that required more 
dantrolene requiring a 5 day stay in the 
ICU with 3 days spent on the ventilator. 

• This study was a case review of a 
MH event with recommendations 
for dantrolene availability and 
education.  

• This study highlights why 
vigilance is important and why 
education needs to expand to floor 
nurses. 

Lelaidier, R. (2017). Use of a hand-
held digital cognitive aid in 
simulated crises: The MAX 
randomized controlled trial 

• RCT 
• Sample size: 46 

participants  

• Smartphone application, named MAX 
(for Medical Assistance eXpert), was 
used on the technical and non- technical 
performance of anesthesia residents 
dealing with simulated crises and 
associated with better technical 
performance of residents dealing with 
simulated crises. 

• This relates to the DNP 
project/question because education 
correlates with better performance. 

• This could also be a useful way to 
incorporate education for the 
evolving digital world. It will not 
benefit this project but could be 
implemented further. 

Mossenson, A. I. (2020). Promoting 
anesthesia providers' non-technical 
skills through the vital anesthesia 
simulation training (VAST) course 
in a low-resource setting 

• Mixed method study: 
Quantitative and 
qualitative 

• Sample size: 32 
participants 

• The use of cognitive aids and clinical 
algorithms, repeated and reinforced 
across simulated scenarios improved 
problem-solving skills and confidence, 
particularly during emergencies. 

• Participants described empowerment to 
advocate for better patient care and 
system improvement. 

• Providers retained knowledge and 
improved their scores.  

• Providers felt the training 
empowered them to provide better 
are. 

• This directly relates to the DNP 
project question about 
implementing MH education. 

Mullins, M. F. (2018). Malignant 
hyperthermia: A review 

• Qualitative • The clinical presentation of MH can 
range from mild symptoms to a 
fulminant MH crisis. 

• Rapid recognition and treatment of MH 
is vital to prevent MH fatalities. 

• This study is a review of MH and 
its treatment. 

• This study is a nice review of MH 
and the current signs, symptoms, 
and treatment which can be used in 
the DNP project to explain what 
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MH is and why it is important to 
be up to date on education. 

Riazi, S. (2018). Updated guide for 
the management of malignant 
hyperthermia 

• Clinical practice 
guidelines 

• The risk of dying from MH has 
increased over the past few years.  

• Recognizing the signs of an impending 
MH reaction and prompt treatment is 
vital to avoid complications and 
mortality. 

• The current signs, symptoms, and 
treatment of MH can be used in the 
DNP project to explain what MH 
is and why it is important to be up 
to date on education. 

Schaad, S. (2017). Simulation-based 
training: Malignant hyperthermia 

• RCT 
• Sample Size: >100 

participants (RNs, 
surgical technologists, 
surgeons, anesthesia 
professionals divided 
into four groups 

• Simulation-based training (SBT) for 
MH was effective, well-received by 
staff members, and demonstrated that 
the benefits of SBT “are wide-ranging 
and include safe and deliberate practice 
without causing harm to real-life 
patients.” 

• Team performance and communication 
were enhanced. 

• This study identified that SBT was 
useful for MH education.  

• This directly relates to the DNP 
project question but the data 
available is limited. 

Shear, T. D. (2018). The effect of an 
electronic dynamic cognitive aid 
versus a static cognitive aid on the 
management of a simulated crisis: A 
randomized controlled trial 

• RCT 
• Sample size: 34 

anesthesia residents 

• Resident physicians were found to 
perform more checklist items correctly 
while using cognitive aids.  

• This study answers the DNP 
project question that education can 
improve patient care. 

Smith, J. L. (2018). A 
comprehensive review of malignant 
hyperthermia: Preventing further 
fatalities in orthopedic surgery 

• Qualitative • It is critical for providers to be well-
versed in recognizing the signs and 
symptoms and being capable quickly 
treating MH.  

• MH is treatable and fatalities can be 
further reduced with increased 
vigilance. 

• This study reviewed MH and the 
signs, symptoms, and treatment 
which can be used in the DNP 
project to explain what MH is and 
why it is important to be up to date 
on education. 

Weinger, M. B. (2017). Simulation-
based assessment of the 

• RCT • Standardized simulation-based 
assessment identified performance gaps 

• This study identified that during 
simulated scenarios there were 
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management of critical events by 
board-certified anesthesiologists 

• Sample size: 263 
consenting board-
certified 
anesthesiologists 

informing opportunities for 
improvement 

performance gaps identified. This 
does not directly answer the DNP 
project question, but it does show 
that even experienced providers 
may have gaps in their knowledge 
that would require education. 
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