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Abstract 

Phase II Site: Wright Patterson Air Force Base 

DNP Project Title: Perioperative Emergency Manuals for Low-Incidence High-Risk Events 

Authors: Ryan Abraham, Stacey O’Donnell 

Background or Problem/Issue: There was a suspected case of malignant hyperthermia in 

the perioperative environment.  It was identified that the cognitive aid currently used to 

manage malignant hyperthermia was challenging to follow for the implementation of best-

practice interventions.  

Clinical Question or Purpose: In perioperative teams (P), how does the implementation of 

the Stanford Anesthesia Emergency Manuals and safety training (I), compared with current 

practices (C), affect adherence to critical management steps in low-incidence high-risk events 

such as malignant hyperthermia (O)? 

Project Design: The design was a quality improvement project utilizing simulation-based 

training on Stanford Anesthesia Emergency Manuals. 

Analysis of the Results: One group failed to diagnose malignant hyperthermia in the PACU, 

leading to a statistical outlier resulting in a skewed distribution.  The group deferred 

nonparametric testing as the difference would be the result of a failure to diagnose malignant 

hyperthermia versus a deficiency related to checklist utilization. 

Organizational Impact/Implications for Practice: Two structured simulations of malignant 

hyperthermia in the operating room and post-anesthesia care unit were constructed and added 

to the Wright-Patterson Medical Center simulation database for future use and training. 
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Perioperative Emergency Manuals for Low-Incidence High-Risk Events 

Introduction 

A patient at a military treatment facility experienced a suspected episode of malignant 

hyperthermia (MH) during a surgical procedure.  Post-event debriefing identified difficulty in 

following the current cognitive aid used to guide the management of MH with best-practice 

interventions.  This perioperative emergency is just one of the many low-incidence high-risk 

events that providers may encounter.  The rare and complex nature of these incidences can leave 

health care providers inadequately equipped to respond with best-practice standards shown to 

improve patient outcomes (Arriaga et al., 2013). 

Significance 

The incidence of MH is roughly 1 in 170,000 patients making it a rare occurrence in the 

surgical population (Aderibigbe, Lang, Rosenberg, Chen, & Li, 2014).  Early administration of 

Dantrolene has decreased mortality rates from MH by 70% (Larach, Brandom, Allen, Gronert, & 

Lehman, 2014).  Dantrolene reduces the incidence of MH related complications when given 

early (Aderibigbe et al., 2014; Larach et al., 2014).  The cost savings associated with the proper 

administration of Dantrolene for MH versus supportive care is approximately $196,000 

(Aderibigbe et al., 2014; Larach et al., 2014). 

Perioperative providers in the military experience similar low-incidence high-risk events 

as their civilian counterparts.  A method to enhance preparation for these high-risk perioperative 

events are emergency manuals.  The use of emergency manuals in simulated settings 

demonstrated significant improvement in adherence to critical steps. (Arriaga et al., 2013; Balki, 

Cooke, Dunington, Salman, & Goldszmidt, 2012; Burden, Carr, Staman, Littman, & Torjman, 

2012; Dagey, 2017; Hardy et al., 2018; Hubert, Duwat, Deransy, Mahjoub, & Dupont, 2014; 
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Lipps et al., 2017; Marshall, 2013; St. Pierre, Luetcke, Strembski, Schmitt, & Breuer, 2017; 

Ziewacz et al., 2011).  Additionally, emergency manuals were viewed positively by study 

participants who also voiced interest in pre-implementation training for subsequent successful 

utilization (Arriaga et al., 2013; Balki et al., 2012; Burden et al., 2012; Dagey, 2017; Renna et 

al., 2016).  Emergency manuals are not provided in the operating rooms (OR) or the Post 

Anesthesia Care Unit (PACU) at the project location. 

The benefit of manual use in these high-risk events is improved patient outcomes via 

timely evidence-based standardized interventions.  Improved patient outcomes, safer care , and 

reduced adverse and sentinel events translates into financial savings for the Department of 

Defense Military Health System.  Improved training and practice guidelines support the Military 

Health System’s mission to be a high-reliability organization while improving military readiness. 

Clinical Question 

In perioperative teams (P), how does the implementation of the Stanford Anesthesia 

Emergency Manuals and safety training (I), compared with current practices (C), affect 

adherence to critical management steps in low-incidence high-risk events such as malignant 

hyperthermia (O)? 

Focus Areas 

The specific focus areas for this evidence-based project include: 

x identification of current response deficiencies to MH through simulation 

x implementation of training on the Stanford Anesthesia Emergency Manual 

x evaluation of staff response to MH through the use of simulation and availability of the 

Stanford Anesthesia Emergency Manuals 

x  provide a plan for manual implementation to the perioperative departments.  
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Relevance to Military Nursing 

Studies suggest that the use of emergency manuals by all perioperative staff resulted in a 

75% reduction in dosage and sequence errors associated with low-incidence high-risk events 

(Arriaga et al., 2013).  Although not presently quantifiable, the overall impact of this evidence-

based project, if implemented on a larger scale, could stem from faster provider response time 

resulting in improved patient outcomes.  Two structured simulations of MH in the operating 

room and post-anesthesia care unit were constructed and added to the Wright-Patterson Medical 

Center simulation database for future use and training.  These simulations are available for use 

by all perioperative personnel to maintain deployment and readiness skills training requirements. 

Organizing Framework and Change Theory 

We used the Revised Iowa Model for Evidence-Based Practice (EBP) (Figure 1) as an 

organizing framework to guide training and policy formulation for implementation of the 

Stanford Anesthesia Emergency Manuals.  Pettigrew and Whipp’s “Strategic Management of 

Change” theory was used to organize the clinical approach to emergency manual 

implementation. 

The Iowa Model begins with the identification of five triggering issues and opportunities 

as potential gaps in healthcare resulting in a clinical question to be addressed (Buckwalter et al., 

2017).  Next, the model utilizes a flow diagram to prioritize a topic, formulate a team, synthesize 

the evidence available, ensure sufficient evidence for implementation, design/pilot change, 

evaluate results, integrate, sustain, and disseminate results (Buckwalter et al., 2017). 
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We applied the Iowa Model framework to implement and evaluate the use of the Stanford 

Anesthesia Emergency Manuals.  A systematic search of the literature was conducted to evaluate 

the quality, quantity, and consistency of current evidence, which was sufficient to address the 

clinical problem.  We then utilized the Strategic Management of Change theory to guide practice 

implementation and then used simulation as a tool to train staff and evaluate emergency manual 

implementation.   

Figure 1. Iowa Model Revised: Evidence-Based Practice to Promote Excellence in 
Healthcare. Reprinted from "Iowa model of evidence-based practice: Revisions and 
validation." by KC. Buckwalter et al., 2012. Worldviews on Evidence-Based Nursing, 
14(3), p. 175-182. 

,.nclfy Trtqaerlnq IIIUff I Opporturvtles 
• Clinical"' padtnl ldtntlfltd luue 
• OrQ1nl111ion, st•• • or nlt lonal lnl:llllv• 

Dala I new evidence 
Accreclting agency requirements I re'1Jlltiont 
Ptilolophyolca'I 

State the Question or Purpose 

No 

Form a Tewn 

Auemble App:aiH and Synthn1111 Body of Evidence 
Conduct systematic search 
Wolgh qually, ...-ty , conslotoncy, and rill< 

DNicri and PIIOI th• Prldict Chana• 
• Engage p•lents and verify prtferencn 
• Conskler rNOWCN, conetnlrts , and approval 
• Develop localized protocol 

Crute., evalUlllon pfan 
Collect basel,- dltll 
Develop an lmpwnentation plan 
Prep• • dffllclans and m•erllls 
Promott ldol)tion 

• Collect and report post-ptlOI daCa 

lrtt51Alt N Main tb1 Practlct Chanll1 
~•ntlfy and engage key persomel 
Hwdwlre change Into systlm 
llonltOf key indicators through quality lmprovem.nc 

• Rtl nfuu as ,-eded 

Oluemlna:e Resu .. 

♦ ~ ~ , , t 1.Jnlverslty of Iowa Hospilals and Clh1lcs Revised JLine 2015 
To request perm1ss1on to use Of reprn<luc.e go to 

00 NOT REPRODUCE ~THOUT PERt.llSSO.I http WWW u1hearthcare org nursmg-researeh and-13v1dence---b.ase0"-pract1ce, 



PERIOPERATIVE EMERGENCY MANUALS FOR LOW-INCIDENCE  10 
 

 

Pettigrew and Whipp’s model has three dimensions of strategic change utilized in a 

continuous interplay fashion (White, Dudley-Brown, & Terhaar, 2016).  Content, process, and 

context are the factors that define objectives, purposes, goals, implementation, and the 

internal/external environment, respectively.  Simplified, these entities are what (content), how 

(process), and why (context) (Stetler, Ritchie, Rycroft-Malone, Schultz & Charns, 2007).  

The project focused on the lack of adherence to best practice interventions in low-

incidence high-risk events by perioperative providers and how the Stanford Anesthesia 

Emergency Manuals could improve adherence.  Implementation (process) involved simulation 

training focused on using emergency checklists.  Providers were designated to a simulation team 

on MH, either with or without the emergency manuals, with a comparative evaluation on manual 

use and adherence to evidence-based interventions. 

The importance of this project (context) revolved around improved patient safety, 

provider readiness, and cost-effectiveness.  Evidence shows the use of emergency checklists and 

manuals improves patient health outcomes by reducing variability in treatment (Chen, Kan, 

Li, Qiu, & Gui, 2016).   

Project Design 

General Approach and Barriers 

 We implemented an evidence-based utilization of the Stanford Anesthesia Emergency 

Manuals and conducted a pre and post evaluation using the simulated low-incidence high-risk 

scenario of MH. 

Potential barriers to our project were the opportunity costs of time associated with 

utilizing staff for simulations away from their primary work areas, simulation lab resources, the 

culture of the perioperative environment, and the allotted time for project completion.  We 
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addressed the opportunity cost of time associated with simulations by holding simulations on 

scheduled hospital training days to avoid impacting staffing from the respective departments.  

We coordinated with simulation lab staff in the early stages of planning, which allowed us to 

maximize available lab resources and anticipate supply or funding gaps.  We engaged the OR, 

anesthesia and PACU leadership team early in the project timeline, which aided in the 

recruitment of staff for simulation participation.   

Setting 

The setting of this project was the simulation lab at a military treatment facility.  The 

simulation center was managed by a Certified Healthcare Simulation Operations Specialist who 

constructed simulations used to test the validity of the Stanford Anesthesia Emergency Manuals 

(Greiger, 2018).  The center utilized a Laerdal SimMan 3G that was able to be programmed for 

customized neurological and physiological responses to mimic changes related to MH.  The 

rooms were integrated with audio and video capability that gave the observers a multi-angled full 

range view of each room with sound allowing for real-time feedback between the participants 

and observers. 

The PACU simulation room was set up to mimic a standard PACU bay consisting of a 

stretcher, monitor, oxygen and oxygen delivery devices, and bedside cart with supplies.  The OR 

simulation room included a Drager Fabius anesthesia machine with full monitor and anesthesia 

circuit setup.  Supplies included routine anesthesia medications, maintenance fluid and lines, and 

airway equipment.  A malignant hyperthermia cart resembling the cart in stock at the facility was 

held in an adjacent room until requested by the simulation participants. 
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Procedural Steps 

Evidence Evaluation 

Methods. 

We searched PubMed, Cumulative Index for Nursing and Allied Health Literature 

(CINAHL), and Excerpta Medica Database (EMBASE) to identify articles, abstracts, or 

dissertations for inclusion in this review of the literature.  We specifically looked for 

implementation of standardized emergency manuals and safety training affecting patient 

outcomes in cases of OR fire, difficult airway, malignant hyperthermia, and perioperative cardiac 

arrest.  The PubMed search utilized the Medical Subject Heading (MeSH) term “difficult 

airway”, “perioperative emergenc*”, “peri operative emergenc*”, “malignant hyperthermia”, 

“perioperative cardiac arrest”, “peri operative cardiac arrest”, “can’t intubate can’t ventilate”, 

“surgical suite”, “operating room[tiab]”, or “Operating Rooms[Majr]” and the MeSH terms 

“Checklist[Majr]”, “checklist*[tiab]", "manuals", "cognitive aid*", "algorithm", or the keywords 

"emergency", "crisis", or "crises".  The CINAHL and EMBASE searches combined the 

keywords "Operating rooms", "Checklists", and "emergency".  The group also performed an 

additional generic search using Google Scholar and these same key terms.  These searches were 

retrospectively truncated at 2007 to ensure the accuracy of data acquired and included all articles 

published to present day.  The search was limited to articles published in English.   

As of 08 November 2019, this search strategy yielded 731 peer-reviewed articles and 

abstracts.  The abstracts were reviewed, categorized, and entered into a database (EndNote) to 

allow for comparison and removal of 282 duplicates.  Titles and abstracts of the remaining 449 

articles were evaluated for inclusion in this review of the literature.  Inclusion criteria were 

articles with a perioperative setting that utilized emergency manuals with operating room fire, 
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difficult airway, MH, and perioperative cardiac arrest.  Exclusion criteria included: articles that 

only investigated hands-on training evaluations, utilized the terms emergency medical 

services/paramedics/pre-hospital, assessed scenarios/populations that were irrelevant to the 

major topics, utilized algorithms without emergency manual use, and only discussed results of 

original studies already included.  A total of 386 articles were excluded using this method.  A 

full-text review of the remaining 63 articles resulted in the further exclusion of 43 articles, 

leaving 20 articles for evaluation and synthesis (Appendix A). 

Synthesis. 

Quality. 

         The final 20 articles were appraised using the Johns Hopkins Research and Non-Research 

Evidence-Based Appraisal Tool and divided into levels of evidence (I-V) and quality (low, 

medium, or high).  Of the final 20 articles, five were level I, eight were level III, three were level 

IV, and five were level V. According to the criteria in the appraisal tool, two of these articles 

were high quality, 17 were good quality, and one was low quality. The group included the low-

quality article due to the limited number of articles directly addressing MH (Appendix B). 

Quantity and consistency. 

A total of 12 of the 20 articles included were research-based.  Designs included: five 

randomized control trials, one exploratory sequential mixed-methods study, two one group 

pretest-posttest studies, two prospective cohort studies, three surveys, and one methodological 

study.  The remaining eight articles were non-research and consisted of three literature reviews, 

one position statement, one expert opinion, and one case report.        
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Findings. 

The most consistent theme amongst these studies was the use of cognitive aids in 

simulated settings, with the exception of OR fires, demonstrated significant improvement in 

adherence to critical steps in the management of low-incidence, high-risk events (Arriaga et al., 

2013; Balki et al., 2012; Burden et al., 2012; Dagey, 2017; Hardy et al., 2018; Hubert et al., 

2014; Lipps et al., 2017; Marshall, 2013; St. Pierre et al., 2017; Ziewacz et al., 2011).   

Adherence was consistently measured in a binary fashion.  Additionally, a positive correlation 

between cognitive aid use and time-to-intervention was found by most studies.  One study did 

not find a statistically significant difference in time-to-intervention with the use of cognitive aid 

(Renna et al., 2016).  However, this was a pilot study being used to inform a future power 

analysis if findings supported the hypothesis.  

Another consistent theme was the positive perception of the cognitive aid use by the 

study participants (Arriaga et al., 2013; Balki et al., 2012; Burden et al., 2012; Dagey, 2017; 

Renna et al., 2016).  Participants also perceived the need for training on these cognitive aids as 

necessary to their successful utilization.  These perceptions were assessed with the use of a five-

point Likert scale. 

Collect baseline data. 

 Baseline data was collected by having providers undergo a simulated MH crisis in both 

the OR and PACU environment.  Overall completion of required evidence-based tasks, along 

with time to completion of time-sensitive tasks was recorded.  These data points were used to 

compare post-checklist implementation data. 
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Design and implement evidence-based practice guideline pilot. 

Identification of current response deficiencies to MH through simulation. 

We worked with all departments to deconflict scheduling as staffing for simulations 

required four anesthesia providers, four OR nurses, four PACU nurses, and two PACU medical 

technicians.  We then composed four separate MH simulations for the OR and PACU with and 

without Stanford Anesthesia Emergency Manuals.  All groups, regardless of manual availability, 

received the same pre-simulation briefing on the simulation room, SimMan, and purpose of the 

exercise.  

Two mock simulations were performed with clinical site senior anesthesia students to 

ensure interrater reliability before the rated simulations were conducted.  The first set of 

simulations were without the Stanford Anesthesia Emergency Manuals.  Two OR simulations 

were conducted with two groups of one anesthesia provider and two OR nurses.  The 

standardized brief was given to all members from each OR simulation group.  Afterward, the 

group was escorted to the simulation room and allowed a brief period of familiarization with the 

setting and SimMan before the simulation started.  Two PACU simulations were conducted with 

two groups of one anesthesia provider, two PACU nurses, and one medical technician.  All 

members of each group received the brief.  Afterward, one nurse was taken to the simulation lab 

to allow for familiarization with the setting before the simulation started.  The rest of the group 

remained in the briefing room and were made available to the nurse upon request.  This setup 

simulated the real-life scenario of a PACU nurse recovering a patient alone until help is called to 

assist with the emergency. 

The simulations were conducted by a certified simulation specialist along with two 

students and a phase II faculty member who coordinated appropriate mannequin physiologic 
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responses.  This team monitored the simulations from outside the room and recorded time-to-

intervention for critical steps in management and adherence to all evidence-based steps outlined 

in the Stanford Emergency Manual for MH (Appendix C).  After each simulation concluded, the 

staff were excused to the briefing room while the results were discussed amongst the observers.  

Afterward, the staff were debriefed.  Each participant was given a Likert-scale survey (Table 1) 

to record their perception of actual or potential manual use.  This process was repeated until all 

four simulations concluded.  

Table 1      

Pre-Checklist Likert Scale Survey      

  Strongly 
Disagree Disagree 

Neither 
Agree 

nor 
Disagree 

Agree Strongly 
Agree 

I would have used a best-practice 
checklist for this emergency if it was 
made available to me 

1 2 3 4 5 

I would use a checklist if I were 
presented with this emergency in real-
life 

1 2 3 4 5 

I feel a checklist would improve my 
adherence to best-practice standards for 
this emergency 

1 2 3 4 5 

If I were having an operation and 
experienced this intraoperative 
emergency, I would want this checklist 
to be used 

1 2 3 4 5 
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Implement training on the Stanford Anesthesia Emergency Manual/Evaluate staff 

response to MH through the use of simulation and presence of the Stanford Anesthesia 

Emergency Manual. 

The same previously listed steps were used for the post-checklist groups.  However, a 10-

minute pre-simulation brief on familiarization and utilization with the Stanford Anesthesia 

Emergency Manual was conducted.  This allowed all staff to look over the manual, familiarize 

themselves with the location of scenarios within the manual, and ask any questions about manual 

use.  They were notified that a copy of the manual was available for use in their simulated 

perioperative emergency case.  The post-simulation routine, including a Likert-scale survey 

(Table 2), was the same as pre-implementation days to maintain consistency. 

 
Table 2      
Post-Checklist Likert Scale Survey      

  Strongly 
Disagree Disagree 

Neither 
Agree 

nor 
Disagree 

Agree Strongly 
Agree 

The checklist helped me feel prepared 
during the emergency scenario 1 2 3 4 5 

The checklist was easy to use 1 2 3 4 5 

I would use this checklist if I were 
presented with this operative emergency 
in real life 

1 2 3 4 5 

If I were having an operation and 
experienced this intraoperative 
emergency, I would want this checklist to 
be used 

1 2 3 4 5 
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Evaluate processes and outcomes. 

 We used Cohen’s Kappa to determine interrater reliability amongst student graders for 

both time-to-intervention and performance of key processes.  The results were analyzed by the 

hospital statistician to determine any statistical significance between pre- and post-checklist 

implementation.  Likert-scale responses were compiled to show the perception of the manuals 

with an average score of 4 or higher indicating agreement and positive correlation.  These results 

were presented to our stakeholders for dissemination to all staff. 

Institute change into practice. 

 After dissemination, the project stakeholders decided they wanted the manuals stocked in 

the operating suites as their perceived value outweighed the results of the project.  The group had 

the printing office print a total of 24 manuals.  Two copies were given to PACU to stock near 

both nursing stations for maximum visibility.  Two copies were stocked in each OR suite with 

one copy positioned near the circulating nurses’ desk and one copy attached to the anesthesia 

machine.  Two copies were kept as extra stock in the event a copy was lost or misplaced.   

HIPAA Concerns 

Our doctorate of nursing practice (DNP) project was a quality improvement simulation-

based training that did not incorporate research, making it exempt from institutional review 

board (IRB) approval.  We collected voluntary survey information from hospital staff without 

personally identifiable information. 

Project Results 

Interrater reliability amongst the student and phase II faculty had a Cohen's Kappa of 

0.82, indicating strong agreement.  Participants in the pre-checklist simulation group completed a 

total of 41 of 50 key evidence-based interventions in four observations.  Participants in the post-
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checklist simulation group completed a total of 34 of 50 key evidence-based interventions in four 

observations.  The decrease in the post-checklist group was due to a failure to diagnose 

malignant hyperthermia during one simulation, which largely skewed results due to a small 

sample size of eight groups.    

 Time to first Dantrolene dose, time to second Dantrolene dose, and time to call the 

Malignant Hyperthermia Association of the United States (MHAUS) were assessed from time 

zero, indicating the start of each simulation after familiarization with the simulated setting (Table 

3).  These measures were selected as Dantrolene is the definitive treatment for MH and calling 

MHAUS is considered the standard of care anytime MH is suspected.  Evaluation of the OR pre-

checklist group for these measures revealed an average of 300 seconds, 556 seconds, and 423 

seconds respectively.  Average OR post-checklist group times were 346 seconds, 616 seconds, 

and 411 seconds respectively.  Average PACU pre-checklist times were 755 seconds, 1190 

seconds, and 480 seconds respectively.  Averages were unable to be calculated for the PACU 

post-checklist group due to an inability to diagnose MH in the second observation.  However, 

times on the first PACU post-checklist simulation were 456 seconds, 773 seconds, and 481 

seconds respectively. 

Table 3    

Time to Critical Intervention 

Group First Dantrolene Second Dantrolene Call MHAUS 

OR Pre-checklist 300 556 423 

OR Post-checklist 346 616 411 

PACU Pre-checklist 755 1190 480 
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PACU Post-checklist 456* 773* 481* 

Note. Times recorded in seconds 
*Times from single group 

 

 Likert scale surveys were compiled with averages for questions calculated (Table 4).  The 

pre-checklist group averaged 4.85, indicating a positive view on the utility of perioperative 

emergency checklists.  The post-checklist average was 4.38, also a positive perception of 

perioperative emergency checklists.    

Table 4   

Likert Scale Survey Responses 

Questions Pre-checklist Post-checklist 

1 4.85 4.23 

2 4.85 4.3 

3 4.85 4.46 

4 4.85 4.53 

Total 4.85 4.38 

 

Analysis of the Results 

 The second PACU post-checklist group failed to diagnose MH in their simulation, which 

resulted in the completion of only one of 12 key evidence-based interventions and failure to 

administer Dantrolene or call MHAUS.  This outlier, coupled with a small sample size (N=8), 

resulted in a skewed distribution.  The skewed distribution of the data set prevented statistical 

analysis using a conventional parametric t-test.  Data analysis using the equivalent nonparametric 
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Mann-Whitney U test was not performed since the difference in rank between the pre-checklist 

and post-checklist group was due to a failed diagnosis versus a performance deficit from 

checklist utilization. 

 Likert scale surveys of a checklist for perioperative emergencies were positive amongst 

both the pre-checklist and post-checklist groups.  However, the lower response scores in the 

post-checklist scenarios were from the PACU group that failed to diagnose MH and were unable 

to use the checklist.  This lack of utility without an appropriate diagnosis was reflected in the 

literature (Hardy et al., 2018). 

Organizational Impact/Implications to Practice Policy 

Unfortunately, the authors are unable to quantify organizational impact due to the lack of 

clinically or statistically significant results from the project.  However, the project requirement 

for an MH scenario in both the OR and PACU yielded two perioperative scenarios that satisfied 

the requirements for archival into the military treatment facility’s simulation database.  These 

simulations are now available for future use by all perioperative staff. 

Future Directions for Research 

Although not statistically significant, the recognition and performance of key 

interventions for MH were much slower in the PACU setting.  Currently, there are only scattered 

case reports of MH in the PACU setting.  A retrospective case series on the most common 

clinical presentation of MH in the PACU setting could inform future training and simulation 

construction.  More realistic simulations can help promote early recognition of an MH crisis in 

the clinical setting and lead to improved patient care. 
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Conclusions 

  Improvement in provider adherence to best-practice interventions using standardized 

emergency manuals in perioperative low-incidence high-risk anesthesia events is supported in 

current literature (Arriaga et al., 2013; Balki et al., 2012; Burden et al., 2012; Dagey, 2017; 

Hardy et al., 2018; Hubert et al., 2014; Lipps et al., 2017; Marshall, 2013; St. Pierreet al., 2017; 

Ziewacz et al., 2011).  However, the proper application of these manuals relies on the anesthesia 

provider making the correct diagnosis.  Logistical limitations in staff availability for simulation 

coupled with a failure of an anesthesia provider to diagnose MH prevented the group from 

realizing a statistically significant improvement with the implementation of the Stanford 

Anesthesia Emergency Manuals. 
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Appendix C 

 

MALIGNANT HYPERTHERMIA 
.. . . ;; .. -·· ··-· - -.-.-.. 

EARLY: Ma be LATER 
1. Increased ETCO 2. 1 . Hyperthermia. 
2 . Tachycardia. 2. Muscle rigidity . 
3 . Tachypnea . 3 . Myoglobinuria . 
4 . Mixed Acidosis (ABG) . 4 . Arrhythmias . 
5 . Masseter spasm/trismus . 
6 . Sudden cardiac arrest in young 

person due to hyperkalemia . 

1. CALL FOR HELP. 
2. CALL FOR MH CART. 
3. INFORM TEAM. 

5 . Cardiac Arrest. 

4. START PREPARING DANTROLENE or RYANODEX! 

• Light anesthesia. • Thyroid Storm . 
• Hypoventilation . • Pheochromocytoma. 
• lnsufflation of CO2 . • Neuroleptic Malignant Syndrome (NMS) . 
• Over-heating (external). • Serotonin Syndrome . 
• Hypoxemia . 

1. Discontinue anesthetic triggers (volat iles and succinylcholine) . 
Do NOT change machine or circuit. 

2 . Increase to 100% 0 2 , high flow 10 Umin . 
3 . Halt procedure if possible . If emergent , continue with non­

triggering anesthetic. 
4 . Increase minute ventilation (but avoid air trapping) . 
5. Assign several people to prepare 2.5 mg/kg IV Dantrolene or 

Ryanodex bolus: 
• Qantrolene: Dilute each 20 mg Dantrolene vial in 60 ml 

preservative-free sterile water (for 70 kg person give 175 mg 
so prepare 9 vials of 20 mg Dantrolene each as above). 

• Ryanodex (new formulation of Dantrolene) : Dilute 250 mg 
Ryanodex vial in 5 ml preservative-free sterile water (for 70 
kg person give 175 mg) . 

6 . Rapidly give Dantrolene or Ryanodex. Continue giving until 
patient stable (may need >10 mg/kg, call MHAUS 800-644-9737 for 
advice) . 

7 . For metabolic acidosis, give sodium bicarbonate 1-2 mEq/kg . 
MH Treatment continued on next page . 

GO TO NEXT PAGE -+ 
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MALIGNANT HYPERTHERMIA 
continued 

8. Hyperkalemia - or suspect from EKG, treat with: 
• Calcium chloride 10 mg/kg IV; Max dose 2000 mg or 

Calcium gluconate 30 mg/kg IV, Max dose 3000 mg . 
• D50 1 Amp IV (25 g or 50 ml Dextrose)+ Regular Insulin 

10 units IV (monitor glucose). 
• Sodium Bicarbonate 1-2 mEq/kg , Max dose 50 mEq . 

9. Arrhythmias are usually secondary to Hyperkalemia . Treat as 
needed except avoid calcium channel blockers. Go to ACLS 
events as relevant and return . 

10. Actively cool patient with ice packs, lavage if open abdomen . 
Stop cooling at 38°C . 

11. Send labs for ABG, Potassium, CK, urine myoglobin, coagulation 
studies, lactate . 

12. Place Foley catheter. Monitor UO. Goal 1-2 mL/kg per hour. 
Can give IV fluid and diuretics. 

13. Consider alkalinizing urine if CK or urine myoglobin elevated 
(Sodium Bicarbonate 1 mEq/kg/hour). 

14. Arrange ICU bed. Mechanical ventilation usually required. 

15. Continue Dantrolene or Ryanodex: 1 mg/kg every 4-6 hours or 
0.25 mg/kg/hr infusion for at least 24 hours (25 % of MH events 
relapse) . Observe patient in ICU for at least 24 hours. 

16. Call MH hotline (below)for any suspected case with any 
questions . 

Contact the Malignant Hyperthermia Association of the 
United States (MHAUS hotline) at any time for consultation 
if MH is suspected: 

1-800-MH-HYPER (1-800-644-9737) 

or see suggestions online at http://www.mhaus .org 

END 
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USUHS FORM 3202N 
DANIEL K. INOUYE GRAD UATE SCHOOL OF NURSING 
EVIDENCE -BASED PRACTI CE/PERFORMANCE IMPRO VEMENT PROPOS AL 

Project Numb er: ,G SJ...!-6/ -/07' ,3 
VPR Date Stamp 

(\ ' PR ,.lllu o.ip) 

Project Title: Peri op erat ive Emergency Manuals for Low-In cidence High-Risk Events 

SECTION A: STUDENT POC INFORMATIO N 

I . ame (Last, First, MI): Abr aham, Ryan, T Student E-mail: ryan.abraham@usuh s.edu 

2. Home Ad dres 

SECTION B: COMMITTEE CHAIR / SENIOR MENTOR INFORMATION 
3. Na me (Last , Fir s t, M[) : Vance, Anna , LtCol 

4. Telephone: 937-257--0569 Fax: NIA E-mail: anna.vance@usuhs.edu 

5. USUHS Bui lding/ Roo m No. : NIA 

SECTION C: PROJECT INFORMATION 
6. Attach the Abstract for the proposal, including the following sections: Site Location of the Project, Title, Authors, Background or 

Problem/Issue, Clinical Question/Purpose, Proje ct Design, Anticipated Organizational lmpacl/ lmplications for Practice and also 
inc lude the Proposed Timeline. Sin le s ace the abstract and use Times New Roman font, size 12. 

7. [s this propo sa l related to an ac tive resea rch project oft be Chair/Sen ior Mentor ident ified in Section B? O Yes [81No 
[f yes, comp lete below ; if no, proce ed to Part 8. 
Proj ect Num ber : _____________ _ 
Proj ec t Ti tle: 

Pro· ect Start Date : Proje ct End Date : 

8. Anticipated period of perfo nna nce: Project Start Date : a,112011 Project End Date : 5/3012020 

9. Perfo nu ance Site(s): Wright Patterson Ai r Force Base 

I 0. Does this proj ect involve any class ified inform ation? (Contact the USUl·IS Security o mcc for guidance) D Yes 181 No 

11. Do yo u have a fund ing source for this proj ect? Yes X No NA 
If es, s eci the fundin a enc and the amoun t rovid ed : 

Stud ent (Project Po int o f Contac t for the Group} 

BONDS.RA YMOND.L. 
7 

DNP Project Director o r PhD Direc tor 

WASS ERMA N.JOAN.E. 
66 

USUHS Form 3202N (VPR) - Rc"iscd Sep 20 15 \' l. 2 
Previous ,,crsion s arc obsolctt' 

SECTION D: SIGNATURES 

(S ignature and Date} 

(Signature and Date) 

VANC E.ANNA.M. 

Chair/Senior Mentor 

SEIBERT.DIANE.C 

Associat e Dean for Academ ic Affair s. GS 

ROMANO .CARO L.A. 
294 

Dean. DK! Gradu ate School of Nursing 

(Signature and Date} 

(Signature and Date) 

(Signa ture and Date) 



PERIOPERATIVE EMERGENCY MANUALS FOR LOW-INCIDENCE  37 
 

 

 
Appendix F 

 

~t,usu OFFICE OF RESEARCH 
430 1 JONES BRIDGE ROAD 

BETHESDA. MAYLAND 2081 4 

PHONE: (30 1) 295-3303; FAX: (301) 295-6771 

VPR Site Number: 

Principal Investigator: 

Department: 

Project Type: 

Project Title: 

Project Period: 

NOTICE OF PROJECT APPROVAL 
Change Number: Original 

GSN-61-10703 

Abraham , Ryan 

Graduate School of Nursing 

Student 

Periope rative Emergency Manuals for Low-Incidence High-Risk Events 

8/1/2017 to 5/30/2020 

Assurance and Progress Report Information: 

Approval Type Approved On Forms Received 

Progress Report O To be Submitted N/A 

Remarks: 
This Notice of Project Approval has been reviewe d and approved. Please remember that you must submit a final 
Progress Report (Form 3210) upon comp letion of this project. 

Questions regarding this approval should be directed to the following person in the Offi ce of Research: 

Sharon Mciver, (301) 295-9814 . 

cc: Abra ham, Ryan 

File 

)t/7 

~ 
Yvol)'.r\e T. Maddo x, Ph.D. 

o{,./ Vice President for Research 
Unifo rmed Services University of th e Healt h Sciences 

__J 
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~Jf;' Appendix G: Daniel K. Inouye Graduate School of Nursing 

.,.1,1! DNP Project Completion Verification Form 

DOCTOR OF NURSING PRACTICE PROJECT 
Completion Verification Form 

The DNP Project titled: Perioperative Emergency Manuals for Low-Incidence High-Risk Events 

was completed at Wright Patterson Air Force Base 

(type student name) 

Ryan Abraham 

Stacey O'Donnell 

(signature) 

by the following studen t(s): 

(date) 

03/29/2020 

03/29/2020 

The DNP Practice Project Team verifies that the following components of the DNP project, accomplis hed 

by th e above students, is of sufficient rigor and demonstrat es doctoral level scholarship to meet the 
requirement s for USUHS GSN graduation: 

• Presentation of DNP project to the leadership/stakeholders at the Phase II Site, 

• Abstract/Impact Statement (Appendix F) , and 

• DNP Project written report. 

Verified by: 
(type name) 

Lt Col Anna Vance 

Lt Col Ronald Hodge 

(signature) (date) 

31 Mar 2020 Senior Mentor 

31 Mar 2020 Team Mentor 

Team Mentor -----

Team Mentor -----
& Phase II Site Director 

For RNA StudenJs only - add the following additional signature for final verific ation of project comple lion: 

CDR Kennett Radford 

RNA Project Director (type name) (Signature) 

31 Mar2020 

(Date) 

Form Version : 26 Aug 201 7 
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DEPARTMENT OF THE AIR FORCE 
88TH MEDICAL GROUP (AFMC) 

WRIGHT-PATTERSON AIR FORCE BASE OHIO 

MEMORANDUM FOR RYANT ABRAHAM, DNP 

FROM: WPMC INSTITUTIONAL REVIEW BOARD 

SUBJECT: Institutional Review Board (IRB) Research Determination 

30 June 2019 

1. Your project proposal FWP20190001N entitled "Improving Adherence to Best Practice 
Standards in Malignant Hyperthermia Through the Implementation of Emergency Manuals," 
has been reviewed by the Wright-Patt erson Medical Center (WPMC) IRB. 

DoD Assurance: F50005 
DHHS Federalwide Assurance: 00000609 

DHHS IRB Registration: 00001357 

2. The WPMC IRB has determined that this project does not meet the criteria to be considered 
research in accordance with 32 CFR § 219.102. This activity is considered an evidence-based 
practice initiative involving perioperative/anesthesia services staff at WPMC, and is not designed 
nor intended to contribute to generalizable knowledge. Therefore, research protocol approval 
and oversight by an IRB is not required. Any changes to the activity may affect the study status 
and must be reviewed by the WPMC IRB. 

3. This determination does not grant permission to conduct the project; this authority lies with 
88th Medical Group leadership. 

4. If you have any questions regarding this determination please call me at (937) 257-4242, or 
e-mail frederick .h.funke.civ@mail.mil. 

FREDERICK H. FUNKE, Civ, DAF, CIP 
WPMC IRB Administrator 
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DEPARTMENT OF lHE AIR FORCE 
88TH MEDICAL GROUP (AFMC) 

WRIGHT -PATTERSON AIR FORCE BASE OHIO 

2 March 2020 

MEMORANDUM FOR 88 SGC/SGCJ 
ATTN: CAPT RYAN ABRAHAM 

FROM: 88 MDG/SGNE (Clinical Investigations) 

SUBJECT: 88 ABW Public Affairs Security and Policy Review of Publications 

1. The following publications submitted for Security and Policy Review have been cleared for 
unlimited distribution to the public domain by 88 ABW/P A: 

a. Case Number 88ABW-2020-0766, "Perioperative Emergency Manuals for Low-Incidence 
High-Risk Events." (Briefing Charts) 

b. Case Number 88ABW-2020-0786 , "Perioperativ e Emergency Manuals for Low-Incid ence 
High-Risk Events." (Poster) 

c. Case Number 88ABW-2020-0820 , "Perioperative Emergency Manuals for Low-Incidence 
High-Risk Events." (Thesis) 

2. As these publication s have been cleared for unlimited distribution, this includes all activites 
related to USUHS Research week, as well as archive of the manuscript in the "USU Archives." 

3. Please direct questions or concerns to me at email frederick.h.funke.civ@mail.mil, or phone 
(937) 257-4242. 

FREDERICK H. FUNKE, Civ, OAF, CIP 
WPMC Human Protections Adminstrator 
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Operating Room 
Intervention 

Discontinue Volatiles 

FiO2 100% 

Stop Procedure if Able 

Increase Minute Ventilation 

Assign and Give Ryanodex 

Give Second Ryanodex 

Sodium Bicarb for Acidosis 

Hyperkalemia Treatment 

Actively Cool with Ice Packs 

Send ABG, K, CK, Urine 

Myoglobin, Coags, Lactate 

IVF for UO 1-2ml/kg 

Alkali nize Urine (Bicarb Drip) 

Arrange ICU bed 

Start Ryanodex Infusion 

Call MHAUS 

Time to First Dantrolene 

Time to Second Dantrolene 

Time to MHAUS 

Performed (1) Not Performed (O) 

Total 

Total Percent 

Times (Seconds) 
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Post Anesthesia Care Unit 
Intervention 

FiO2 100% 

Assign and Give Ryanodex 

Give Second Ryanodex 

Sodium Bicarb for Acidosis 

Hyperkalemia Treatment 

Actively Cool With Ice Packs 

Send ABC:, K, CK, Urine 

Myoglobin, Coags, Lactate 

IVF for UO 1-2ml/kg 

Alkalinize Urine (Bicarb Drip) 

Arrange ICU bed 

Start Ryanodex Infusion 

Call MHAUS 

Time to First Dantrolene 

Time to Second Dantrolene 

Time to MHAUS 

Performed (1) Not Performed (0) 

Total 

Total Percent 

Times {Seconds) 
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