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Malignant hyperthermia (MH) is a rare, life-threatening disorder triggered by certain 
anesthetic agents. Prompt recognition and intervention are critical to prevent morbidity 
and mortality. For unique cases such as MH, many nurse anesthesia programs use 
high-fidelity simulation to prepare resident registered nurse anesthetists (RRNAs) for 
low-frequency high-stakes events. This case report highlights a RRNA who participated 
in a high-fidelity MH simulation prior to graduation, which provided a valuable 
opportunity to identify and improve technical and nontechnical skills. Three months 
post-graduation, the novice Certified Registered Nurse Anesthetist (CRNA) encountered a 
real MH event in a 38-year-old female undergoing general anesthesia post cesarean 
section. Drawing on the prior simulation experience, the CRNA promptly recognized the 
signs and initiated the MH protocol. The patient was successfully discharged a few days 
after the event and reunited with her infant. This case highlights the impact of 
simulation-based education on patient care. High-fidelity simulation fosters clinical 
readiness, enhances decision-making, and can directly contribute to improved patient 
outcomes. Nurse anesthesia programs should also consider integration of virtual reality 
to promote repeated exposure of these low frequency, high-stakes events. 

INTRODUCTION 

Malignant hyperthermia (MH), first identified in 1960, is a 
uniquely life-threatening disorder triggered in susceptible 
individuals by exposure to volatile anesthetics or succinyl
choline.1‑3 The rate of occurrence is estimated to be be
tween 1:5,000 to 1:50,000 for general anesthetic cases.2,3 

The pediatric population accounts for over half of all re
ported MH cases.4 Additionally, MH occurs significantly 
more in males, with an estimated incidence of up to 4.5 
times higher than that observed in females.2,3 High-inci
dence areas of MH include Wisconsin, Nebraska, West Vir
ginia, and Michigan.2 MH has been associated with con
genital myopathies, including central core disease, 
King-Denborough syndrome, and multiminicore disease.2 

MH is characterized by abnormal depolarization of skeletal 
muscle membranes and mutations in the RYR1 gene, lead
ing to excessive calcium release, sustained muscle con
traction, and a life-threatening hypermetabolic state.1‑3 If 
not treated promptly, MH can cause multiple organ failure, 
rhabdomyolysis, and ultimately death. 

Given that MH can occur in the perioperative setting, 
it is essential for anesthesia providers to be proficient in 
managing such crises. According to the Malignant Hyper
thermia Association of the United States (MHAUS) the top 
4 actions should be initiated to manage MH: 1) immediate 
cessation of all triggering agents, 2) obtain the MH cart, 3) 
initiation of 100% oxygen hyperventilation, and 4) prompt 
administration of dantrolene or ryanodex.2,5 There are sev
eral other required actions to effectively manage a MH cri

sis. However, heightened anxiety and limited exposure to 
MH can hinder decision-making and jeopardize patient 
outcomes. To support preparation for this crisis, many 
nurse anesthesia programs integrate both didactic instruc
tion and high-fidelity simulation to reinforce technical and 
nontechnical skills. High-fidelity simulation can be used for 
low-frequency, high-stakes events such as MH to improve 
critical thinking, enhance learners’ confidence, and reduce 
anxiety6 ultimately enhancing preparedness and improving 
patient outcomes.7 

CASE DESCRIPTION 

High-fidelity simulations involving MH are typically inte
grated into the curriculum for second- or third-year resi
dent registered nurse anesthetists (RRNAs) to prepare them 
for this rare but potentially fatal clinical event. Table 1 il
lustrates how MH learning activities and simulation were 
aligned with Miller’s Pyramid of Clinical Competence, 
demonstrating progression from foundational knowledge 
to performance in practice to prepare RRNAs for MH.8 The 
MH scenario was developed in alignment with the Inter
national Nursing Association for Clinical Simulation and 
Learning (INACSL) Standards of Best Practice: Simulation 
and validated by an additional content expert.9 

TIMELINE 

Each high-fidelity simulation began with a 20-minute 
scripted pre-brief in which 2 RRNAs received a report on 
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Table 1. MH Learning Activities    

Event/
Simulation 

Description Semester Application of Miller’s Pyramid of 
Clinical Competence 

MH 
Lecture 

PowerPoint and exam Summer Knows 

MH 
Lecture 

Case study Summer Knows how 

MH 
Simulation 

-20-minute structured prebriefing 
-20-minute high-fidelity simulation 
-40-minute debriefing with good judgement using 
behavioral assessment tool 

Spring Shows how 

MH 
Clinical 
Event 

-Patient’s ETCO2 increased to the 90s and temperature 
to 39.5 Celsius 
-CRNA responds by increasing the respiratory rate with 
no change in ETCO2 
-CRNA calls for help and initiates MH protocol 
-Patient is appropriately treated and discharged from 
the hospital a few days later 

Fall Does 

Abbreviations: MH, malignant hyperthermia; ETCO2, end-tidal CO₂; CRNA, Certified Registered Nurse Anesthetist 

an 18-year-old male undergoing a laparoscopic appendec
tomy. Following the pre-brief, RRNAs were immersed in a 
20-minute MH high-fidelity simulation. A behavioral as
sessment tool (BAT) was created and used by faculty to 
guide the 40-minute debriefing session. The objectives 
listed in the BAT were 1) identify signs and symptoms of 
MH, 2) identify MH crisis, 3) initiate and implement treat
ment for MH, and 4) demonstrate effective teamwork, lead
ership, delegation, and closed-loop communication during 
a MH crisis. A 40-minute debriefing session using the “De
briefing with Good Judgment” model concluded each sim
ulation. This structured process was consistently applied 
across all simulations. All RRNAs participated in the high-
fidelity simulation during training. However, this case study 
highlights a RRNA who, after graduation, encountered an 
actual MH event in clinical practice. An MH event in the 
clinical setting is exceedingly rare, as most anesthesia 
providers never experience an MH event, and it is particu
larly uncommon for such an event to occur as a novice cer
tified registered nurse anesthetist (CRNA).10 

During the MH high-fidelity simulation, the RRNA ex
hibited heightened anxiety and decreased confidence in 
managing MH. This contributed to missed critical interven
tions necessary for the effective treatment and manage
ment of the simulated MH scenario. However, during the 
structured debriefing session, the RRNA engaged in reflec
tive practice, identifying gaps in knowledge, skills, and atti
tudes. The debriefing facilitated a meaningful discussion of 
key takeaways, reinforcing the importance of early recogni
tion, timely intervention, and adherence to MH protocols. 

A few months post-graduation, the novice CRNA en
countered an MH crisis in the clinical setting. The patient 
was a 38-year-old female patient undergoing general anes
thesia. The patient had an unremarkable medical history 
aside from a cesarean section performed a few months ear
lier. Approximately 3 hours into the procedure, the surgeon 
announced that 10 minutes were left in the case. The pa
tient had been pharmacologically reversed and was sponta
neously ventilating with minimal anesthetic gas remaining. 

Hemodynamic parameters were stable. The novice CRNA 
began to notice changes in the patient’s hemodynamics. 
The patient’s end-tidal CO₂ (ETCO₂) rose sharply from the 
40s to the 60s. The CRNA responded by switching the pa
tient to synchronized intermittent mandatory ventilation 
and increasing the respiratory rate. Despite these efforts, 
ETCO₂ continued to climb into the 90s and the patient’s 
temperature increased to 39.5 Celsius. Recognizing the 
signs of MH and recalling the prior MH simulation, the 
novice CRNA called for assistance and in collaboration with 
the attending anesthesiologist promptly initiated the MH 
protocol. 

The patient underwent successful treatment and was 
subsequently transferred to the intensive care unit for 
24-hour observation. Following a stable recovery, the pa
tient was safely discharged home a few days later, reunited 
with her infant. Throughout the case, the novice CRNA 
demonstrated application of knowledge and skill which 
contributed to improving this patient’s outcome. This case 
highlights the unique value of high-fidelity simulation in 
preparing RRNAs for rare, high-stakes emergencies such as 
MH. The CRNA’s swift recognition and decisive action was 
rooted in prior simulation experience and were critical to 
the successful management of this life-threatening event. 

FOLLOW UP OR ADJUSTMENTS NEEDED 

In this case report, RRNAs received didactic instruction, 
completed examinations to assess knowledge, and partic
ipated in a single high-fidelity simulation. While multiple 
exposures to low-frequency, high-stakes simulations would 
be ideal, such experiences are often constrained by signif
icant demands on time, cost, and personnel. Given these 
limitations, one potential curricular adjustment is the inte
gration of virtual reality (VR) simulation. VR offers an op
portunity for students to engage in low-frequency, high-
stakes scenarios such as MH outside of scheduled 
simulations or workshops to maximize learning.11,12 
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This structured approach further aligns with Miller’s 
Pyramid of Clinical Competence.8 RRNAs begin at the 
knows level by acquiring foundational knowledge through 
lectures, quizzes, and examinations. RRNAs advance to the 
knows how level by applying this knowledge in VR scenar
ios. Participation in high-fidelity simulations allows RRNAs 
to reach the shows how level, demonstrating both technical 
and nontechnical skills in a simulated clinical environment. 
Ultimately, the goal is for RRNAs to achieve the does level, 
where they apply these skills in practice. This approach may 
further strengthen the confidence, preparedness, and per
formance of RRNAs and novice providers in managing com
plex, high-stakes events in the community. 

DISCUSSION 

This case report demonstrates the usefulness of high-fi
delity simulation in nurse anesthesia programs to help im
prove patient outcomes. High-fidelity simulations support 
effective teaching through timely feedback, deliberate prac
tice, and a safe, controlled learning environment.13,14 One 
of the key challenges for novice providers is translating 
knowledge into effective clinical decision-making, which 
can be achieved through high-fidelity simulations.13‑15 Pe
riodic education and limited clinical exposure alone are not 
sufficient to fully prepare RRNAs and CRNAs for the timely 
and complete management of MH or any crisis in the op
erating room.13‑17 Integrating high-fidelity simulation into 
nurse anesthesia education may help bridge the gap be
tween theory and practice, ultimately improving patient 
safety.14,17 This case highlights the value of incorporating 
low frequency, high-stakes simulations into anesthesia cur
ricula, rather than relying on didactic content alone. 

One limitation of simulation-based education is the 
variability in RRNA engagement and the ability to suspend 
disbelief during high-fidelity scenarios. Not all learners are 
able to fully immerse themselves in the simulated environ
ment, which may affect the depth of their learning and re
flection. In contrast, the RRNA in this case report demon
strated a high level of engagement, actively participating in 
both the scenario and the debriefing process. The experi
ence prompted further reflection, leading the RRNA to in
dependently seek out additional information on key con
cepts that had initially been missed during the simulation. 

Another challenge is the limited exposure RRNAs may 
have to low-frequency, high-stakes clinical events such as 

MH during their training. Without repeated opportunities 
to practice these scenarios, RRNAs may struggle to retain 
critical information, including appropriate medication 
dosages and emergency interventions. The principles of 
competency-based education emphasize the demonstration 
of expertise over time through repeated practice.18 Inte
grating high-fidelity simulation with VR in nurse anesthe
sia programs may allow RRNAs to repeatedly practice rare, 
high-stakes scenarios like MH, ultimately improving clini
cal preparedness and patient outcomes.19 

PERSPECTIVE 

During the debriefing session, the RRNA reported the simu
lation as having gone “horribly,” and having missed key in
terventions. Closed-loop communication, teamwork, lead
ership, and delegation were challenging to execute during 
the simulation. However, when faced with an actual MH 
event in the operating room a few months after the high-fi
delity simulation, the novice CRNA played an active role in 
identifying, treating, and managing the crisis. After the MH 
event in the operating room, the novice CRNA described 
the simulation as a “defining moment” in their training, at
tributing clinical readiness gained through simulation. 

Although MH is a rare clinical occurrence and one that 
many anesthesia providers may never encounter in their ca
reers, this case illustrates the critical importance of simula
tion in preparing providers for high-stakes, low-frequency 
events. The patient involved in the MH event was success
fully extubated the following day and was reunited with 
her infant, underscoring the real-world impact of simula
tion-based education. Evidence supports that simulation 
enhances clinical decision-making, confidence, and perfor
mance in the clinical setting, and can contribute to im
proved patient outcomes.14‑17 The use of VR for training 
RRNAs maybe beneficial to enhance immersive learning ex
periences and provide realistic, interactive environments to 
improve patient outcomes.19 Even a single positive patient 
outcome validates the inclusion of such scenarios in anes
thesia curricula. The utilization of high-fidelity simulation 
can be a valuable tool to prepare RRNAs for patient care. 
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