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Purpose: The National Remote Emergency System for Malignant Hyperthermia (MH-NRES) is an applet in China, designed to help
anesthesiologists manage MH crisis. However, there is limited information about encountered difficulties in dealing with MH among
Chinese anesthesiologists. The purpose of the study was to explore the current competency and encountered difficulties in the
management of MH, as a key first step for assessing the potential user needs to develop the MH-NRES.

Methods: The hospitals of different levels in different provinces across China were invited to participate in an online survey from
November to December 2021. Anesthesiologists completed the online questionnaire containing four sections including demographic
information, knowledge, competency, and continuing education about MH.

Results: A total of 1357 valid questionnaires were completed from anesthesiologists, most respondents (66.7%, n = 905) correctly
answered the MH trigger drugs included volatile anesthetics and succinylcholine. However, most respondents (77.0%, n = 1045) did
not know that the recommended initial dose of domestic dantrolene. Up to 83.9% (n = 1138) stated that their hospitals did not store
dantrolene for MH emergency. More than half of respondents thought that it would take more than one hour to obtain dantrolene in
emergency. Less work experiences, lower levels of hospital and educations and professional titles were associated with lower
competency scores in managing MH. Only 31.0% (n = 936) reported that their hospital had ever conducted MH continuing education
curricula. Scenario simulation is the training method that most interests the participants (79.0%, n = 1072) but a whopping 46.9% (n =
637) never received simulation.

Conclusion: The study indicated that difficulty in obtaining dantrolene, lack of competency in management of MH, difficulty in
obtaining professional help, and poor teamwork were the main problems of most anesthesiologists in face of MH.
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Introduction

Malignant hyperthermia (MH) is a rare pharmacogenetic disorder of the skeletal muscle, which is associated with
mutations in RYR1 and CACNAIS genes, commonly triggered by halogenated inhalational agents or
succinylcholine."™ MH is considered as one of the most severe anesthesia-related rare diseases associated with
rapid progress and high mortality rate.® Early recognition and timely aggressive treatment are essential for the
successful management of MH. A key component of the treatment is prompt administration of dantrolene.”* In the
USA, the MH mortality has dropped from 70% in the 1970s to 9.5% in 1981 with the abundant dantrolene stock in
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most hospitals, according to a report from the Malignant Hyperthermia Association of the United States (MHAUS).’
However, the latest study analyzed the reported MH case in China from 1985 to 2020, indicating the total mortality was
45.7%.'%"" The high mortality may be attributable to the extremely lack of intravenous (IV) dantrolene in most
Chinese hospitals. In the last decades, the imported IV dantrolene was not on the list of government-approved drugs in
China, furthering hindering the access of dantrolene in Chinese hospitals. The good news is that domestic IV
dantrolene produced by a Chinese pharmaceutical company (Livzon Pharmaceutical Group Co., Ltd, Zhuhai, China)
has been approved by the Chinese Food and Drug Administration (CFDA) in October 2020.'% Although increasing
hospitals are stocking dantrolene, it will take a long time to achieve the legislation of dantrolene stock for each hospital
in China. During this transition period, it may be helpful to use information technology to help anesthesiologists pull
through MH crisis.

As mobile health (mHealth) apps are changing the ways of modern medical practice, we planned to develop the
National Remote Emergency System for Malignant Hyperthermia (MH-NRES) as an applet of the WeChat app in
China,"? which is composed of six functions: quick clinical diagnosis, dantrolene mobilization, instruction on dantrolene
use, MH treatment, MH genetic testing and MH case study. However, there is limited information about knowledge,
capability, and problems encountered about MH among Chinese anesthesiologists. Thus, we conducted the first online
questionnaire survey among Chinese anesthesiologists to determine the competency and pending problems about MH, as
a key first step for assessing the potential needs of applet users.

Materials and Methods
After obtaining approval from the Ethics Committee of West China Hospital, Sichuan University (protocol number 2021—
1387), this online survey had been conducted among anesthesiologists from hospitals of different levels, from November

14,1 ..
h,81%415 4 structured, self-administered,

to December 2021. Based on previous studies and extensive literature searc
electronic questionnaire was developed and improved entirely by ourself, which took less than 10 min to complete.
Participation of the study was entirely voluntary and completely anonymous. Informed consent was included on the front
page of the questionnaire, every participant was inquired the willingness to join this survey and only informed consent
was obtained, the participant could continue completion of the survey. Before data collection, a pilot study was conducted
on 34 anesthesiologists to ensure the validity and practicability, as well as interpretation of respondents. After last
modification, the structured electronic questionnaire survey was distributed widely to the anesthesiologists. It was
guaranteed that questionnaires were sent to at least one hospital in each province and municipality in China was
included, except for Hong Kong, Macao, and Taiwan.

The online questionnaire was conducted by www.wjx.cn (a Chinese questionnaire software platform, providing
functions equivalent to Amazon Mechanical Turk). The questionnaire included required fields to prevent incomplete
responses, and each WeChat account could only fill out the questionnaire once. The software generated an electronic link
and a 2D image code, which could be scanned by participants through the WeChat app on the mobile phone to access and
complete the questionnaire.

The questionnaire included four sections. Section 1 addressed demographic information: age, gender, education
background, professional title, type of hospital, and work experience as an anesthetist (years). Section 2 contained
questions about knowledge about MH, including symptoms, diagnosis and treatments of MH and individual clinical
practice to manage MH. Section 3 addressed three questions about participants’ competencies in the management of
MH: are you familiar with MH clinical grading score? Do you feel competent in identifying MH patients? Do you
feel competent in managing MH crisis? Response choices for the three topics were presented as a 5-point Likert Scale
(1 = not at all competent to 5 = extremely competent). For each participant, the total competency score was the sum
of the scores of the three questions. In the last section, participants needed to evaluate the current continuing
education about MH. Except age, there were no open questions and options were offered a priori for questions.

Statistical analyses were performed using SPSS version 25.0. Frequencies, percentages, and mean (standard devia-
tion, SD) were used to describe the data. Differences between participant groups were tested using independent samples
t-tests, chi-square tests, or rank-sum tests. A P value less than 0.05 was considered significant for all tests.
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Results

A total of 1511 anesthesiologists completed and responded the electronic questionnaires, and valid questionnaires
were retrieved from 1357 of them. The anesthesiologists involved in this survey were from 32 provinces and
autonomous regions in China, except for Hong Kong, Macao, and Taiwan. Table 1 lists the characteristics of the
1357 respondents.

Knowledge of the Anesthesiologists About MH

Of all valid responses, only 2 of 1357 participants were able to correctly answer the entire set of seven knowledge
statements. The majority of respondents (66.7%, n = 905) correctly answered that MH reaction is commonly triggered by
volatile anesthetics or succinylcholine, or both. Referring to the common clinical manifestations of MH, 28.4% (385)
correctly answered the most common early symptoms, and 9.1% (123) correctly answered the advanced symptoms. Only
5.0% (68) respondents both correctly answered the early and advanced symptoms of MH. More than half of the
respondents (57.9%, n = 786) correctly answered that in vitro muscle contraction test was the standard diagnosis of
MH, while 28.2% chose genetic testing. However, only 33.8% (n = 458) understood that the correct way to dispense
dantrolene is to be dissolved in sterile water. What is more, the majority of respondents (77.0%, n = 1045) did not know
that the recommended initial dose of domestic dantrolene is 1mg/kg, 37.9% (n = 514) still chose 2~3mg/kg as the initial
dose. Most respondents (96.2%, n = 1305) indicated that end-tidal carbon dioxide was the routine monitoring during
general anesthesia. Whereas, up to 58.9% (n = 800) anesthesiologists did not routinely monitor temperature during
surgeries that last more than 30 minutes. Table 2 lists the details of MH knowledge items and responses.

Table | The Characteristics of the Respondents (n = 1357)

Characteristics Numbers Percentage (%)
Gender
Female 653 48.1
Male 704 51.9
Degree
PhD 84 6.2
MD 338 24.9
BD 878 64.7
Others 57 42
Hospital type
Public 1226 90.3
Private 131 9.7
Hospital level
Tertiary class A 8l 59.8
Tertiary class B 145 10.7
Others 399 39.5
Professional title
Professors 91 6.7
Associate professors 272 20.0
Attendings 528 389
Residencies 466 343
Work experiences (years)
<5 years 396 29.2
>5 and <10 years 282 20.8
>10 and <15 years 248 18.3
>|5 and <20 years 177 13.0
>21| years 254 18.7
Abbreviations: PhD, Doctor of Philosophy; MD, Master’s degree; BD, Bachelor’s
degree.
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Table 2 MH Knowledge Items and Responses
N (Frequency, %)

Drugs triggering MH (multiple choices)
Volatile anesthetics (V) 1214 (96.8)
Succinylcholine (V) 1235 (91.0)
Benzodiazepines 27 (2.0)
Barbiturates 65 (4.8)
Propofol 53 (3.9)
Narcotic analgesics 30 (2.2)
Non-depolarizing muscle relaxants 118 (8.7)
Local anesthetics 104 (7.7)
Early clinical symptoms of MH (multiple choices)
Muscle spasm (V) 1128 (83.1)
Hypercarbia (\/) 1280 (94.3)
Hyperthermia (V) 1320 (97.3)
Tachycardia (V) 1093 (80.6)
DIC 218 (l6.1)
Acute renal failure 327 (24.1)
Advanced clinical symptoms
Sharp increase in serum creatine kinase (\/) 1037 (76.4)
Myoglobinuria (V) 1136 (83.7)
Severe metabolic acidosis (V) 1104 (81.4)
Severe metabolic alkalosis 246 (18.1)
Severe hyperkalemia (V) 1168 (86.1)
Arrhythmia (\) 985 (72.6)
Circulatory failure () 1081 (79.7)
The standard diagnosis of MH
Clinical diagnosis 130 (9.8)
In vitro muscle contraction test (V) 786 (57.9)
Genetic testing 382 (28.2)
Not known 59 (4.4)
The correct preparation of dantrolene
Dissolved in sterile water for injection (V) 458 (33.8)
Dissolved in glucose injection 289 (21.3)
Dissolved in saline 142 (10.5)
Not known 468 (34.5)
The correct initial dose of domestic IV dantrolene
I mg/kg (V) 312 (23.0)
2-3 mglkg 514 (37.9)
3—4 mglkg 104 (7.7)
Not known 427 (31.5)
The considerable discontinuation indications of dantrolene
Metabolic stability within 24 hours (\/) 1011 (74.5)
Metabolic stability within 12 hours 174 (12.8)
Core body temperature < 38°C (\/) 637 (46.9)
Core body temperature < 37°C 419 (30.9)
No myoglobinuria (\/) 661 (48.7)
No muscle rigidity (\) 629 (46.4)

Notes: The symbol (\/) means the expected answer, according to the expert consensus on prevention and

treatment of malignant hyperthermia in China (2020 edition).

Abbreviation: MH, malignant hyperthermia.
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Stock and Availability of Dantrolene

A whopping 83.86% (n = 1138) of anesthesiologists stated that their hospitals did not store dantrolene for MH
emergency. The preferred choice of obtaining dantrolene quickly was to borrow urgently from the nearest hospital that
stocks dantrolene (67.0%, n = 909). Nerveless, only 28.3% (n = 384) of the anesthesiologists reported that they were
within 50 km of the nearest hospital stockpiling dantrolene. In addition, more than half of respondents stated that it would

take more than one hour to obtain dantrolene. Details are shown in Table 3.

Competencies of Anesthesiologists in the Management of MH

Table 4 shows the summary results for mean confidence scores about management of MH in terms of different
characteristics. Compared with BD and other degrees, both MD and PhD group got higher mean competency scores
(P = 0.002 and P = 0.004, respectively). Also, compared with tertiary hospital, anesthesiologists from secondary and
lower-level hospitals got lower competency scores (P = 0.003 and P = 0.006, respectively). In addition, the relation
between professional titles and competency scores showed a significant trend with higher professional title (P<0.001,
Table 4). Besides, the confidence scores increased with increasing work experiences (P<0.001, Table 4).

Figure 1 shows the summary of main difficulties that may arise during emergency resuscitation of MH patients.
Apart from difficulty in obtaining dantrolene (76.6%), lack of confidence in the diagnosis and treatment of MH
(47.5~56.0%), difficulty in obtaining professional help (47.8%) and poor teamwork (34.5%) also presents a distinct
challenge.

Table 3 Availability of Dantrolene

Questions N (Frequency, %)

Had MH ever occurred in your hospital?

YES 245 (18.1)
NO 1112 (81.9)
Does your hospital stock dantrolene?

YES 219 (l6.1)
NO 1138 (83.9)
Do you know the specific storage location of dantrolene

YES 136 (61.1)
NO 83 (37.9)
How do you obtain dantrolene in an emergency?

Dantrolene stocks in hospital 206 (15.2)
A predetermined dantrolene supplier will deliver 44 3.2)
Borrow urgently from the nearest hospital that stocks dantrolene 909 (67.0)
Not known 198 (14.6)
How far is the nearest hospital that stocks dantrolene?

<50km 384 (28.3)
50-100km 156 (11.5)
100-300km 232 (17.1)
>300km 215 (15.8)
Not known 370 (27.3)
How long does it take to obtain dantrolene in an emergency?

<lh 328 (24.2)
1-2h 205 (15.1)
2-3h 174 (12.8)
3-5h 148 (10.9)
>5h 152 (11.2)
Not known 350 (25.7)

Abbreviation: MH, malignant hyperthermia.
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Table 4 Competencies of Anesthesiologists in the Management of MH

Mean Competency Score | P value
Work experiences (years) <0.001
<10 years 7.84 (241)
>0 and<20 years 8.56 (2.48)
>20 years 9.14 (2.61)
Hospital level <0.001
Tertiary hospital 8.48 (2.52)
Secondary hospital 7.97 (2.50)
Others 7.19 (2.22)
Degree <0.001
PhD 9.04 (2.69)
MD 8.65 (2.63)
BD and others 8.12 (2.44)
Professional title <0.001
Professor/Associate professor | 9.33 (2.49)
Attending 8.23 (2.38)
Resident 7.59 (2.44)

Abbreviation: MH, malignant hyperthermia.

MH Continuing Education for Anesthesiologists

Among a total of 1357 respondents, only 31.0% (n = 936) of respondents reported that their hospital had conducted MH
continuing education curricula. In terms of individual MH simulation training experience, just 27.0% (n = 366) received
MH simulation training with one year, 26.1% (n = 354) received simulation training a year ago, and a whopping 46.9%
(n = 637) never received simulation. In the last year, the three ways that anesthesiologists most often received
information about MH included textbooks and literatures (75.8%, n = 1028), web science knowledge (74.1%, n =
1006) and intra-departmental teaching (57.4%, n = 779). Overall, although most anesthesiologists never received MH
training, scenario simulation is the training method that most interests the anesthesiologists (79.0%, n = 1072). As a type
of simulation, scenario simulation can be depicted by an event timeline, which was used for an exercise or to support
scenario-based training. It. Details are shown in Table 5.

Discussion
There is a paucity of literature regarding Chinese anesthesiologists’ competency and difficulties encountered about MH.
To our knowledge, this is the first survey to evaluate the knowledge, competency, and continuing education regarding

Difficulty in obtaining dantrolene quickly 1040 (76.6%)
Unclear about further laboratory tests 760 (56.0%)
Unclear about the use of dantrolene 727 (53.6%)
Unclear about the diagnosis of MH 727 (53.6%)
Difficulty in obtaining professional guidance 648 (47.8%)
Unclear about the treatment of MH 644 (47.5%)
Poor teamwork 472 (34.5%)

Poor physician-patient communication Ll 239 (17.6%)
No difficulty i 67 (4.9%)
others [ 28 (2.1%)

0 200 400 600 800 1000 1200

Figure | Summary of main difficulties that may arise during emergency resuscitation of MH patients (n = 1357).
Abbreviation: MH, malignant hyperthermia.
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Table 5 MH Training and Responses

Questions and Responses N (Frequency, %)
Had your hospital conduct training on MH?

Yes 421 (31.0)
No 853 (62.9)
Not known 83 (6.1)
When was the last time you attended a simulation training on MH?

Within | month 64 (4.7)
Within 2—-6 months 112 (8.3)
Within 7-12 months 190 (14.0)
| year ago 354 (26.1)
Never attended 637 (46.9)
Where did you receive MH knowledge from in the last year? (Multiple choice)

Communication among colleagues 603 (44.4)
Intra-departmental teaching 779 (57.4)
Web science knowledge 1006 (74.1)
Academic conferences (Online and offline) 752 (55.4)
Textbooks and literatures 1028 (75.8)
Simulation 300 (22.1)
Never learned 32 (24)
Which of the following training formats are you interested in? (Multiple choice)

Scenario simulation 1072 (79.0)
Clinical lectures (Online and offline) 990 (72.9)
Training manuals 850 (62.6)
Others 34 (2.5)

Abbreviation: MH, malignant hyperthermia.

MH among anesthesiologists in China. Our results demonstrated imbalanced results regarding MH knowledge. Although
most respondents knew well about MH causative drugs and clinical manifestations, the number of respondents who did
not know the standard diagnosis and treatment of MH was relatively high. For example, unlike the recommended dosage
of 2~3mg/kg from European and USA guidelines,”® expert consensus on prevention and treatment of malignant
hyperthermia in China (2020 edition) recommends an initial dose of 1 mg/kg of domestic dantrolene, which derives
from the package inserts of domestic dantrolene (Livzon Pharmaceutical Group Co., Ltd, Zhuhai, China)."* More than
70% participants did not know the correct dissolution, correct dose and the considerable withdrawal criteria of
dantrolene. This could be considered an adverse factor during MH management.

%1719 gur results showed that more than half of the anesthesiologists did not use body

In contrast to earlier findings,
temperature monitoring. Moreover, although domestic IV dantrolene has been introduced in October 2020 and there is
general agreement that dantrolene should be stocked wherever inhalational anesthetics and succinylcholine are used, the
truth in China is that most hospitals lacked preparations of dantrolene in stock. The reluctance to store dantrolene could
be explained that it is relatively expensive, has a limited shelf life, and might expire unused as the rarity of MH
reactions.>?®?* Undoubtedly, inadequate intraoperative monitoring methods would impede early detection of MH,
furthermore, lack of supplies of dantrolene would delay the appropriate treatment.”* We consider that each hospital
manager and chief anesthesiologist have the responsibility to store dantrolene for locations where MH trigger drugs are
regularly used, the recommended stock level should be 2436 vials of dantrolene, and if further dantrolene cannot be
obtained within 30 min, an increased stock level should be 48 vials.”

The study showed that, followed by difficulty in obtaining dantrolene, lack of confidence in the diagnosis and treatment of
MH, difficulty in obtaining professional help, and poor teamwork were the main concerns of most anesthesiologists during
the rescue of MH patients. Furthermore, our findings confirm that Chinese anesthesiologists lacked training for MH. It might
imply the necessity to establish an MH website and a telephone hotline available, as well as mHealth apps to offer guidance
for anesthesiologists in China.'®'**"*> In addition, we could find that less work experiences, lower levels of hospital,
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educations and professional titles were associated with lower competencies in managing MH. This suggests that training
should focus more on anesthesiologists with less experienced, lower educations and from primary hospitals. High-quality
simulation-based training can be an effective method for developing clinical competency, standardizing the experience,
continuing to build base knowledge, and increasing mastery of team functions.*®*” Implementation of a rapid, comprehensive
MH crisis management plan may be improved with the use of Stanford MH crisis checklists in a simulated MH scenario,
which prompts staff to remember key interventions in the midst of rapid patient deterioration and potential confusion.*®
Especially in remote areas that dantrolene is still not readily available, enhanced training for early warning, diagnosis, and
prompt effective therapies of MH are crucial to ensure patient safety. It will take a long time to realize the legislation of
dantrolene stock for each hospital in China. During this transition period, development of the MH-NRES applet may help
anesthesiologists to solve these thorny problems like quick diagnosis, rapid dantrolene mobilization, instruction on treatment
and MH simulation.

Some limitations also exist in the study design, because the study was initiated by the West China Hospital of Sichuan
University, with easier access to publicize and promote the study in Sichuan province, resulting in 40.97% of the
respondents being from Sichuan province. Furthermore, more than half of the hospitals are tertiary A hospitals, with
fewer actual primary hospitals participating. Multiple anesthesiologists from the same hospital were invited to join the
survey. All the limitations mentioned above could result in bias. Nevertheless, we thought that the hospitals included in
our study reflect medical institutions of various levels in various provinces across China, and the study still gives insight
on the state of MH rescue practice in China.

Conclusions

As the first online survey to explore the competency and pending problems about MH among anesthesiologists in China,
the study shows that difficulty in obtaining dantrolene, lack of confidence in management of MH, difficulty in obtaining
professional help, and poor teamwork were the main problems of most anesthesiologists in face of MH crisis. In addition
to the pressing need to promote the stock of dantrolene in China, future research could be directed to develop MH-NRES
applet to offer professional guidance in solving MH problems, as well as applicable in other developing countries.
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