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ABSTRACT

Aims: Malignant hyperthermia (MH) is an uncommon but life-threatening anesthetic emergency that necessitates prompt
diagnosis and swift care. It is imperative for patient safety that anesthesia assistants, identify both the early and late manifestations
of MH. This study sought to assess the knowledge and awareness of anesthesiology assistants concerning MH.

Methods: This cross-sectional study encompassed 215 anesthesia residents. The knowledge level of MH was evaluated by a
total knowledge score derived from replies to questions 6-24 of the questionnaire. The knowledge level was categorized as low,
moderate, and high.

Results: The participants' average knowledge score was 12.50+3.19, with 19.1% exhibiting low knowledge, 53.0% demonstrating
medium knowledge, and 27.9% possessing high knowledge. Knowledge scores shown a substantial increase with the prolongation
of residence length (Kruskal-Wallis H=26.34, p<0.001). A notable positive association exists between residency duration and
knowledge score (Spearman p=0.32, p<0.001). In linear regression analysis, while the time of residency significantly predicted
the knowledge score, the explained variance was constrained (R*=0.114). No substantial correlation was identified between the
degree of knowledge and the habitual implementation of temperature monitoring (p>0.05).

Conclusion: Improving patient safety in MH management will depend on systematic, continuous, and institutionally supported
training programs rather than isolated knowledge acquisition. Therefore, recommendations about structured or simulation-

based training should be seen as guides for future research rather than definitive conclusions.
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INTRODUCTION

Malignanthyperthermia (MH) isananesthetic emergencyfirst
described in 1960." MH occurs in individuals with a genetic
predisposition after the administration of volatile anesthetic
agents or depolarizing muscle relaxants. Although this clinical
condition is rare, it progresses very rapidly and is seriously life-
threatening.” Severe metabolic abnormalities, multiple organ
failure, and mortality can result from delayed diagnosis and
inadequate treatment.’ Consequently, prompt identification of
the clinical manifestations of MH and swift intervention are
crucial for patient safety.* In this high-risk clinical scenario,
patient survival hinges on the prompt identification of MH
signs and the swift intervention of the anesthesiologist.” The
European Malignant Hyperthermia Group emphasizes that
early diagnosis hinges on the knowledge and attentiveness
of the anesthetic team. The group asserts that anesthesia
professionals in any environment utilizing volatile anesthetic
drugs and/or muscle relaxants must be capable of recalling
the crisis algorithm from memory. The effective management
of MH necessitates not just individual expertise but also team
training, institutional readiness, and preparatory simulation
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exercises.® The literature indicates that information about
MH is frequently inadequate and awareness is restricted. It
is highlighted that knowledge is predominantly confined
to theoretical instruction and lacks enough reinforcement
through practical experience.”

In the operating room routine, anesthesia residents are
the healthcare practitioners who engage most closely with
patients during perioperative care. They are pioneers in
the early diagnosis and first intervention of MH. Although
numerous survey-based research have investigated knowledge
of MH, the majority provide data from a singular time point.
Data about the progression of knowledge during residency
training is scarce. The relationship between this knowledge
and everyday clinical practices is little comprehended,
particularly among national training systems characterized
by diverse institutional frameworks, educational experiences,
and resource accessibility. Consequently, assessing anesthesia
residents’ comprehension of MH might pinpoint certain
training deficiencies and inform the creation of more
focused educational methods. This study was structured as
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a descriptive, cross-sectional needs assessment to evaluate
anesthesia residents' knowledge of MH and its correlation
with the time of residency. The second purpose was to
examine the correlation between their knowledge levels and
routine temperature monitoring behaviors as indicated by
their self-reports.

METHODS

This research is a cross-sectional and descriptive survey
study. This survey was done with approval from the Scientific
Researches Local Ethics Committee of the Erzurum Faculty
of Medicine, University of Health Sciences (Date: 12.03.2025,
Decision No: 2025/03-86). All procedures were carried out
in accordance with the ethical rules and the principles of
the Declaration of Helsinki. The data included in the study
were analyzed using the G*power analysis program and had
an observation power of 80% at the alpha=0.05 significance
level. It would be necessary to have approximately 169
participants obtain a significant statistical value. It was
seen that 215 participants included in the study were
sufficient for statistical analysis. The study comprised 215
anesthesia residents from various healthcare institutes
throughout Tirkiye. Participation was optional, and only
those who completed the questionnaire were incorporated
into the study. Questionnaires containing incomplete data
were excluded. Data was gathered using a standardized
questionnaire aimed at evaluating the demographic and
professional attributes (age, gender, employment institution,
and residency term) of anesthesia residents, in addition to
their knowledge concerning MH. The understanding of MH
was evaluated using 19 questions, namely questions 6-24 of
the questionnaire. The inquiries addressed the prevalence of
MH, hereditary transmission, precipitating factors, first and
subsequent clinical manifestations, diagnostic techniques,
and emergency intervention strategies. In the computation
of the knowledge score, each correct response was assigned
1 point, while incorrect, "I don't know," or unanswered
responses received 0 points. The cumulative knowledge
score varied from 0 to 19. Participants' knowledge levels
were classified into three therapeutically relevant categories:
low (0-9 points), moderate (10-14 points), and high (15-19
points). The questionnaire was formulated and constructed
following an analysis of pertinent literature and contemporary
clinical standards. It has not undergone validation processes,
including internal consistency testing or construct validity
evaluation. The knowledge score was seen as a generic
indicator of guideline-based knowledge, rather than a direct
assessment of clinical ability.

Statistical Analysis

The data analyses were conducted utilizing IBM SPSS Statistics
for Windows, version 25.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were presented as meantstandard
deviation or median (minimum-maximum) values, under
the assumption of a normal distribution; categorical variables
were represented as counts and percentages. The Kruskal-
Wallis test was employed to compare knowledge scores based
on residency period due to the non-normal distribution of
the scores. The link between residency duration and total

knowledge score was assessed using Spearman's correlation
analysis. Simple linear regression analysis was utilized to
investigate the determinants influencing the knowledge
score. The correlation between knowledge level and routine
temperature-monitoring practices was examined utilizing the
Chi-square test. A significance threshold of p<0.05 was used
for all statistical analyses.

RESULTS

The demographic and professional characteristics of the
anesthesia residents participating in the study are presented.
The age, gender distribution, and residency duration of the
participants are summarized in a table. It was determined
that the study group showed a heterogeneous distribution in
terms of residency duration (Table 1).

Table 1. Basic information on the demographic characteristics and

professional experience of anesthesia residents participating in the study

Variable/category n (215) %
Gender
Female 113 52.6
Male 102 47.4
Age
30-39 116 54.0
20-29 80 37.2
40-49 14 6.5
>50 years 5 28
Residency duration in anesthesia clinic
>48 months 58 27.0
12-24 months 50 233
24-36 months 48 223
36-48 months 32 14.9
0-12 months 27 12.6
Institution worked at
University hospital 98 45.6
Training and research hospital 82 38.1
City hospital 31 14.4
Foundation-private hospital 4 1.9

The distribution of correct, incorrect, "I don't know," and
blank answers to the questions regarding MH is shown on a
question-by-question basis. Significant variation in the rate
of correct answers was observed among the questions. High
rates of incorrect and blank answers were found in some
questions (Table 2).

The distribution of total knowledge scores regarding MH among
anesthesia residents is presented in detail. It was observed that
the participants' knowledge scores were distributed over a wide
range between minimum and maximum values. The mean
knowledge score for MH was 12.50+3.19, with scores ranging
from 2 to 19, showing significant differences in knowledge levels
among the residents. The mean and median values were found to
be close to each other. The distribution of participants into three
categories (low, medium, and high) is shown (Table 3).
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Table 2. Distribution of correct, incorrect, “no idea”, and blank answers to

knowledge questions about malignant hyperthermia, broken down by question

Question Correct answer Correct 1 !1ave no Blank
no n idean n
6 1:10.000 with 1:50.000 52 25 0
7 Autosomal dominant 69 34 0
8 Autoimmune diseases 125 9 0
o Dl o
1 dantrolene saminiaiation 171 L
. hevarcopismic et 21 S 0
12 Nitrous oxide 158 16 0
13 Increased body temperature 189 4 0
14 Hyperkalemia 140 18 0
15 All of the above 95 11 0
16 Succinylcholine 163 9 0
17 Dantrolene 210 1 0
18 Bradycardia 188 9 0
19 Increased ETCO, 101 3 0
20 Sevofluran 177 10 0
21 iggermg nestheic agent 170 0
22 All 137 6 0
23 All 133 6 0
24 Halothane-caffeine contracture test 63 38 0

Table 3. Distribution of total knowledge scores regarding malignant

hyperthermia among anesthesia residents and their classification according
to knowledge levels

Knowledge level n (215) %

Medium (10-14) 114 53.0
High (15-19) 60 27.9
Low (0-9) 41 19.1

Mean+SD; 12.50+3.19, Median (min-max); 13 (2-19)

The knowledge levels of anesthesia residents regarding MH
were compared with their routine application of temperature
monitoring in each patient. The rates of routine temperature
monitoring application according to knowledge level groups
are presented in tabular form. It was determined that the
distribution of routine temperature monitoring application
rates was similar among the groups. Statistical analysis
revealed no significant relationship between knowledge level
and routine temperature-monitoring application (Table 4).

The distribution of knowledge scores on MH was compared
according to residency duration. It was observed that the
median and distribution values of the knowledge scores
differed among the residency duration groups. It was
determined that knowledge scores increased as residency
duration increased. The difference between the groups was
found to be statistically significant (Table 5).
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Table 4. Relationship between anesthesia residents' knowledge levels regarding

malignant hyperthermia and their routine temperature monitoring practices

Knowledge level  Routine temperature monitoring Total
Yes n (%) No n (%)

Low 1(2.5) 39 (97.5) 40

Medium 4(3.5) 111 (96.5) 115

High 2(3.3) 58 (96.7) 60

Chi-square test: X*=0.09, p=0.955

Table 5. Comparison of malignant hyperthermia knowledge scores
according to residency duration

Assistantship duration Knowledge score (median [min-max]) n

0-12 months 10 (2-17) 27
12-24 months 13 (4-18) 50
24-36 months 13 (6-17) 48
36-48 months 14 (6-18) 32
>48 months 14 (7-19) 58

Kruskal-Wallis test: H=26.34, p<0.001, Min: Minimum, Max: Maximum

The relationship between residency duration and the
total knowledge score regarding MH was evaluated using
Spearman correlation analysis. The analysis revealed a positive
correlation between residency duration and knowledge score.
The correlation coefficient was determined to be weak-to-
moderate. This relationship was shown to be statistically
significant (Table 6).

Table 6. Relationship between residency duration and total knowledge score
regarding malignant hyperthermia (Spearman correlation analysis)

Variable n  MeantSD ( nlglel‘_i;l:x) SPea;man 2.
Assistantship

duration (months) 215 314+182 30 (1-60) — —
Totalknowledge 515 155032 13 (2-19) 032 <0.001
score

SD: Standard deviation, Min: Minimum, Max: Maximum

regarding MH was evaluated using simple linear regression
analysis. In the regression analysis, residency duration was
considered the independent variable, and the total knowledge
score was considered the dependent variable. The analysis
revealed a positive and statistically significant relationship
between residency duration and the knowledge score. The
regression model explained only a limited portion of the total
variance in the knowledge score (Table 7).

Table 7. Effect of residency duration on malignant hyperthermia knowledge

score (Linear Regression Analysis)

Standard B 95% GA

Variable = error t p (top-bottom)
Still 10.45 0.48 — 21.8 <0.001 9.51-11.39

Assistantship

duration 0.065 0.012 0.32 524 <0.001 0.041-0.089
(months)

R’=0.114, =27.44, p<0.001. Dependent variable: Total information score. Independent variable: Residency

duration (months). Analysis method: Simple linear regression. n=215.
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DISCUSSION

This study demonstrated that anesthesia trainees'
understanding of MH improved with the duration of their
residency, albeit this enhancement was constrained in clinical
practice. Although clinical experience greatly enhanced
understanding, it was noted that dependence exclusively
on time and experience for knowledge development was
inadequate.

Although research assessing the understanding of MH is
available, investigations into how this knowledge varies
with the duration of clinical experience are notably scarce.
Research highlights the importance of the anesthesia team.
Nonetheless, research examining the evolution of knowledge
among anesthesia residents, who maintain the most direct
interaction with patients in the operating theater during
their residency, and the manifestation of this knowledge
in clinical practice is scarce. This circumstance requires an
assessment of the efficacy of existing training protocols and a
re-examination of training methodologies for MH.

The knowledge of anesthesia residents concerning MH was
evaluated by a cumulative knowledge score derived from
questions 6-24. Knowledge scores varied from 0 to 19, with an
average score indicating moderate knowledge. The closeness
of the mean and median values indicates a fair distribution
of scores within the sample. The substantial disparity
between the lowest and highest scores signifies considerable
variations in knowledge levels among the residents. Upon
categorical evaluation of knowledge scores, it was noted that
most participants exhibited low to intermediate knowledge
levels, whereas the percentage of individuals demonstrating
high knowledge levels was minimal. A high rate of incorrect
answers was found in questions requiring advanced theoretical
knowledge, such as those concerning the genetic transmission,
incidence, and halothane-caffeine test of MH. We believe
this may be due to the fact that assistant training focuses
primarily on clinical crisis management. This discovery
indicates that in a rare clinical condition such as MH, which
necessitates prompt diagnosis and precise care, the existing
information may be inadequate for all residents. The existence
of participants in the low knowledge group suggests that
theoretical information has not been sufficiently integrated
into clinical practice. The substantial proportion of residents
possessing moderate knowledge implies an understanding of
fundamental ideas and established findings, although it also
reveals ongoing knowledge deficiencies in essential domains
such as the diagnostic process, precipitating factors, and
emergency treatment protocols. Conversely, the existence of
people possessing a high degree of knowledge indicates that
this knowledge can be enhanced through suitable training
and clinical experience.

The knowledge score mostly derives from recommendations
and indicates the extent of theoretical understanding; thus,
it should not be regarded as a direct assessment of clinical
proficiency.

Uponreviewingliteraturethatevaluatesknowledge concerning
MH, it is typically noted that this research concentrates
on a singular measurement point and predominantly targets
anesthesiologists.®*  Knowledge  deficiencies  among
anesthesiologists about MH have been recognized; however,
the correlation between these deficiencies and years of
experience has not been thoroughly investigated. Clinical
experience has been considered only to a restricted degree.*"’
The strength of our study, in contrast to analogous studies
in the literature, lies in our decision to extend the scope of
information beyond mere descriptive statistics. We conducted
a thorough evaluation using correlation and regression
analyses in relation to the period of clinical experience.

The established association between residency duration and
knowledge level, evidenced by both correlation and regression
studies, affirms that clinical experience facilitates knowledge
gain. Our regression analysis results showed that residency
duration alone had a minimal effect on awareness of MH,
while knowledge level was significantly influenced by other
factors. This signifies that factors like training opportunities,
personal learning motivation, and institutional support are
essential in treatment strategies for MH. Our investigation
uncovered a heterogeneous distribution of knowledge
levels. A considerable number of anesthesia residents had
poor to moderate levels of understanding. The data indicate
that existing training methods for MH are insufficient. The
literature indicates that in infrequent yet high-risk scenarios
like MH, knowledge levels are frequently inadequate, and
training gaps may impact clinical outcomes.”" An in-
depth analysis of the assistants' responses to the knowledge
inquiries uncovered substantial knowledge deficiencies,
especially with triggering chemicals, diagnostic criteria, and
emergency treatment protocols. This finding aligns with
previously reported literature, indicating that MH episodes
are frequently detected belatedly."”

Our analysis reveals a notable absence of a meaningful
correlation between knowledge level and the implementation
of frequent temperature monitoring. Even residents with
moderate to high knowledge levels do not perform routine
temperature monitoring. We contend this may postpone the
prompt detection and intervention of specific illnesses that
could be averted with regular temperature monitoring. This
outcome indicates that information does not consistently
convert into clinical practice and that clinical actions are
frequently influenced by systemic issues. These problems may
include material shortages, workload in the workplace, and
the failure to implement specific protocols within institutions.
Experts regard regular temperature monitoring as a crucial
strategy for early identification of MH crises.”” Nonetheless,
research suggests that this approach is not uniformly
used in standard clinical procedures. Research indicates
that insufficient temperature monitoring contributes to a
considerable percentage of fatalities associated with MH."
Our study findings indicate that only enhancing individual
knowledge levels is inadequate; institutional norms are
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essential. Our study did not explicitly assess institutional
policies or training interventions; hence, we cannot ascertain
the efficacy of particular training methodologies, such as
simulation-based training. We advocate for this matter
to be explored in future research. According to database
research, our study is the first survey conducted in Turkiye
on the knowledge and awareness levels of anesthesia residents
regarding MH.

Limitations

This research possesses multiple limitations. The cross-
sectional design precluded the establishment of causal
correlations between specialty training duration and
knowledge level. The results solely indicate the correlation
among these variables. The questionnaire was designed in
accordance with contemporary principles and pertinent
literature. The absence of psychometric validation implies
that the knowledge score should be regarded as a reflection
of theoretical knowledge rather than a definitive assessment
of clinical ability. Moreover, institutional elements such as
organized training programs, simulation-based training,
and clinical experience were not evaluated; these may have
impacted the recorded knowledge levels. Future research
must thoroughly examine these characteristics to elucidate
their influence on readiness for MH.

CONCLUSION

Our investigation revealed that anesthesia trainees had varied
knowledge levels concerning MH, which did not improve
linearly or consistently to a sufficient standard during their
residency. Clinical experience was markedly correlated with
elevated knowledge ratings. Nonetheless, the restricted nature
of this correlation indicates that the amount of knowledge
cannot be primarily attributed to the time of residency. In a
therapeutic setting where prompt diagnosis and response are
essential, personal experience alone may prove inadequate.
This study underscores the necessity for more thorough
training approaches; however, it did not assess particular
training methods. In conclusion, recommendations
concerning structured or simulation-based training ought
to be regarded as guidelines for future research rather than
conclusive results, and innovative training strategies that
are regularly updated and incorporate simulations should be
developed in accordance with advancing technology.

Enhancing patient safety in MH care will rely on systematic,
ongoing, and institutionally endorsed training initiatives
rather than discrete knowledge acquisition.
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