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Purpose: Malignant hyperthermia (MH) is a rare but fatal pharmacogenetic disorder, triggered by inhalational anesthetics or
succinylcholine. Since the first nonprofit academic organization China Malignant Hyperthermia Emergency Assistance WeChat-
based Group (CMHEA Group) was established in 2015, they have actively participated in the diagnosis and treatment of MH patients.
Based on the CMHEA Group, the aim of the study was to retrospectively analyze the characteristics of suspected MH in China from
2015 to 2020.

Methods: We conducted a retrospective analysis of the suspected MH patients from 2015 to 2020, for analyzing the current clinical
diagnosis, treatment and prognosis of MH in China.

Results: A total of 58 suspected MH cases occurred from 2015 to 2020, of these, 36 cases were collected with detailed data. The MH
clinical grading score of 36 patients ranged from 33 to 73, with a median of 55. Abnormal hyperthermia and hypercarbia were the most
common early signs of MH. Four patients were confirmed carrying six different potential MH-causative mutations. Of the total 58
cases, 14 patients (24.1%) received dantrolene and the whole mortality rate was 53.4%. Compared to the patients not receiving
dantrolene treatment, the survival rate of patients receiving dantrolene treatment was significantly higher than that of patients not
receiving dantrolene (78.6% vs 36.4%, p = 0.007).

Conclusion: The current main diagnostic methods of suspected MH in China are still clinical diagnosis. Hence, it is critical to keep
dantrolene for immediate accessibility with the introduction of domestic dantrolene to China. The WeChat group model has played an
important but limited role in quick diagnosis and treatment of MH.
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Introduction

Malignant hyperthermia (MH) is a rare pharmacogenetic disorder of skeletal muscle linked to mutations in RYR/ and
CACNAIS genes, commonly triggered by volatile anesthetics or depolarizing muscle relaxants.'> Hence, MH is
considered as one of the most severe anesthesia-related rare diseases associating with rapid progress and high mortality
rate.®” Reported incidence of clinical MH episodes ranges from 1:35,000 to 1:68,000 in surgical patients.*” In recent
years, about 200 million cases of general anesthesia are performed worldwide, and 15% of these are annually done in
China."® According to the reported incidence, there are hundreds of potential MH patients annually in China. It should be
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noted that the genetic prevalence of MH diagnostic mutations is considerably greater, and some possible explanations for
the discrepancy might be the fact that many mutation carriers may never be exposed to anesthetic triggers in the whole
life, and even when exposed to a triggering agent, not all carriers will develop an MH crisis.®!!"'?

Previous studies indicated the mortality rate of MH in China could be as high as 73.5%.'*'*"'* The striking high
mortality may be due to the fact that few hospitals in China stored dantrolene.'® On the other hand, there is a major
shortage of MH-related resources and most anesthesiologists have never received MH simulation training. Hence,
anesthesiologists lack certain stock of MH relevant theoretical knowledge and are inexperienced in face of MH
crisis.'"* Moreover, owing to lack of professional MH organization or MH hotline in China, like the European
Malignant Hyperthermia Group (EMHG) or the Malignant Hyperthermia Association of the United States (MHAUS),
the great difficulties to obtain expert guidance from professionals in MH emergency worsen the situations.

Even so, Chinese anesthesiologists never give up their efforts. With the increasing popularities of smartphone,
Chinese anesthesiologists are also exploring new ways for MH. WeChat app is one of the important Chinese commu-
nication tools for health education in the current “non-contact”, which has over 1 billion users in China and has the
advantages of immediacy, interactivity, and convenience.'>'® WeChat group can be understood as Chinese version of
online Facebook chatting groups. Therefore, the first nonprofit academic organization China Malignant Hyperthermia
Emergency Assistance WeChat-based Group (CMHEA Group) was established in 2015, dedicated to providing emergent
professional consultation and assisting dantrolene mobilization for Chinese anesthesiologists in case of suspicious MH
emergencies. Currently, there are nearly 500 group members, covering more than 300 hospitals across the whole country.
Over the past 5 years, members of CMHEA Group have actively participated in the diagnosis and treatment of 58
suspectable MH patients and managed to save patients’ lives.

Thus, we conducted a survey among the members of CMHEA Group, to retrospectively analyze the clinical diagnosis
and treatment of Chinese MH patients from 2015 to 2020 and provide further information for the construction of
National Remote Emergency System for MH.

Materials and Methods

Data Collection

This is a retrospective survey among the members of CMHEA Group, as all the cases have been reported previously to
CMHEA Group. After obtaining approval from the Ethics Committee of West China Hospital, Sichuan University
(protocol number 2021-1387), this online survey had been conducted among the medical staff from October to
November 2021. This online questionnaire was designed in the form of a WeChat Mini Program that medical staff
could use through the smart mobile phone to read the QR code and authorize a WeChat application to fill in and submit
the questionnaire. The online questionnaire should be completed by anesthesiologist responsible for the rescue of MH
patients. The main demographic variable was patients’ gender, age and personal and/or family history of MH. The other
variables were types of surgery, anesthesia methods, choice of anesthetic drugs, clinical manifestation of MH, treatment
of MH including use of dantrolene, patients’ prognosis and genetic analysis. Validity of suspected MH reactions is
demonstrated with MH clinical grading score (CGS),'” which is considered as an aid to the objective definition of MH.
However, CGS only represents a clinical diagnosis, and to confirm the MH susceptibility, the patient should receive
a contracture test or a genetic test. The detailed questionnaire can be reached in the Supplementary Data.

Outcomes
The primary outcome of the retrospective study was the all-cause mortality rate of MH patients. The second outcomes
included MH clinical grading scale, utilization of dantrolene and the impacts of dantrolene on patients’ prognosis.

Statistical Analysis

We use the statistical package program for social sciences version 25.0 (SPSS, IBM, Armonk, NK, USA) to perform all
statistics. Pearson’s chi-square test was used to compare the categorical variables. Continuous variables were tested for
normality of distribution. If normality was violated, the Mann—Whitney U-test was used (presented as median with
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interquartile range), and Un-paired Student’s #-test (presented as mean =+ standard deviation) was used for normally
distributed continuous variables. Statistical significance was defined as P < 0.05.

Results

Overall View and Characteristics of Suspected MH Cases

Finally, data pertaining to 58 MH cases gathered were exported from the program computer server. However, not all data
were collected and reported for these 58 cases, 37 responses provided detailed information of 36 cases, and the rest 22
were incompletely filled owing to incomplete memories of respondents. Thus, we had a response rate of 62.1% (36/58),
whereas the incomplete responses were not excluded as they still could offer adequate useful information. Therefore,
some variables included less than 58 cases and some patients’ CGS points were underestimated or not estimated.

A total of 58 cases in this study involved 13 departments (Figure 1) and 23 different provinces or states in China.
According to the 36 detailed responses, tertiary class-A hospital accounted for 83.3% (n = 30) MH patients. Thirty-six
patients included 32 (88.9%) males and 4 (11.1%) female, 4 (11.1%) were aged 3 years or younger, 9 (25%) were
children between 3 and 17 years, 21 (58.3%) were adults between 18 and 65 years, and 2 (5.6%) were seniors over 65
years, which indicated that MH was more common in males and young than in females and seniors, respectively
(Table 1). Only one patient had family history of MH, and the rest had no family history.

Operative Associated Findings in Suspected MH Patients

Figure 2 shows the 13 types of surgery in 36 suspected MH patients. It was worth noting that ophthalmic and orthopedic
procedures appeared to be the most common surgeries in children’s cases. Table 2 shows the onset stage and anesthetic choices of
these patients. All underwent a surgical procedure with general anesthesia, of which, 34 patients accepted intravenous-inhalation
combined anesthesia and 2 patients accepted simple inhalation anesthesia. Notably, succinylcholine was used in none of these 36
cases.

Clinical Signs of Suspected MH Cases

The MH clinical grading score of 36 patients ranged from 33 to 73, with a median of 55.21 (58.3%) cases were MH rank 6
representing the MH probability is almost certain. Ten (27.8%) cases were MH rank 5 representing the MH probability is
very likely. Five (13.9%) cases were MH rank 4 representing the MH probability somewhat greater than likely. Table 3
shows the clinical signs of 36 patients. Abnormal hyperthermia and hypercarbia were the most common first signs in the
carly stage of MH. The maximum temperature of 36 patients ranged from 37.4° to 44°C with a median of 42°C. Significantly,
19 (52.8%) patients had hyperthermia of over 40°C for more than 2 hours. Muscular rigidity was specific signs of MH but not
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Figure | Occurrence year of 58 suspected MH cases.
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Table | Characteristics of Suspected MH Patients in China

(n = 36)
Patient Characteristics Number Proportion
Age (years)
<3 4 11.1%
3-17 9 25.0%
18-65 21 58.3%
>65 2 5.6%
Sex
Male 32 88.9%
Female 4 11.1%
Hospital grade
Tertiary class-A hospital 30 83.3%
Tertiary class-B hospital 2 5.5%
Second class-A hospital 2 5.5%
Others 2 5.5%

so sensitive. With the progress of condition, severe acidosis (PH <7.2) or hyperkalemia (K" >6mmol/L) could be found in
most cases (n = 24 and n = 31, respectively) owing to the development of rhabdomyolysis (n = 23).

Diagnostic Test of Suspected MH Cases

Of the total cases, 4 patients took genetic testing and were confirmed carrying six different potential MH-causative mutations
(Table 4). It is worth noting that two RYR/ variants (p.Pro1773Ser and p.11e4196Thr) and one CACNA IS variant (Leul 800Ser)
were founded in the same patient. Among them, there were two RYR1 variants (p.Ile4196Thr and Glul732Lys) identified in
two patients. These two rare variants are of unknown significance and have not been reported in association with MH. In other
patients, the gene involved is still unknown. None of the patients underwent a muscle biopsy for caffeine-halothane
contracture test immediately at the onset of MH, although it is the golden criteria of MH diagnosis.'®

Association Between Dantrolene Treatment and Outcomes
Among the total 58 cases of suspected MH, dantrolene was administered in 14 patients. However, since most
hospitals lacked quick access to dantrolene and only a few hospitals that stored dantrolene had abilities to offer
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Figure 2 Surgery types of 36 suspected MH cases.
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Table 2 Onset Stage and Anesthetics of 36 Suspected MH Cases

Onset Stage Inhalation Anesthetic Intravenous Anesthetic
Induction (n=1) Sevoflurane (n=1) Propofol (n=1)
Intraoperative (n=34) Sevoflurane (n=32) Propofol (n=32)
Isoflurane (n=1) Etomidate (n=1)
Desflurane (n=1) Ketamine (n=1)
Postoperative (n=1) Sevoflurane (n=1) Propofol (n=1)

Table 3 Clinical Signs of Suspected MH Cases (n = 36)

Early Clinical Signs Frequency (Proportion)
EtCO,>55 mmHg 36 (100.0%)
Abnormal hyperthermia (>40°C) 30 (83.0%)
Muscular rigidity 18 (50.0%)
Tachycardia or arrhythmia 19 (52.8%)
Advanced clinical signs

Severe acidosis (PH<7.2) 24 (66.7%)
Hyperkalemia (K+> 6 mmol/L) 31 (86.1%)
Rhabdomyolysis (CK>2000 U/L) 23 (63.9%)
Acute renal failure Il (30.6%)
DIC 11(30.6%)
Circulatory failure 23 (63.9%)
Acute heart failure | (2.8%)
Hypocytosis | (2.8%)

Abbreviations: EtCO2, end tidal CO2; CK, creatine kinase DIC, disseminated intravas-
cular coagulation.

Table 4 Analyses of RYRI and CACNAIS Variants Reported in 4 Patients

Patient Gene Nucleotide Change Amino Acid Change ClinVar$ Public Archive
Case | RYRI c7361G>A p.Arg2454His Pathogenic
Case 2 RYRI c5317C>T p.Prol773Ser Benign
c.12587T>C p.lle4196Thr ND
CACNAIS | ¢5399T>C p.Leul800Ser Benign
Case 3 RYRI c.14512C>G p.Leu4838Val Pathogenic
Case 4 RYRI c5194G>A p.Glul732Lys ND

Note: $ClinVar=ClinVar is a public archive of interpretations of clinically relevant variants (https://www.ncbi.nlm.nih.gov/clinvary).
Abbreviation: ND, not determined.

a helping hand to those in urgent need of the specific drugs. Eventually, 31 patients unfortunately died of the MH
episode and 27 patients were rescued successfully and survived, the whole mortality rate was 53.4%. Eleven patients
survived in the 14 patients receiving dantrolene treatment, while 16 patients survived in the 44 patients not receiving
dantrolene treatment, the survival rate of patients receiving dantrolene treatment was significantly higher than that of
patients not receiving dantrolene (78.6% vs 36.4%, p = 0.007). In the subgroup analysis of 36 cases, these statistics
could display a definite trend that with the extension of the time interval between MH episode and dantrolene
administration, the survival rate of the patients decreased, although there was no statistical difference (p = 0.071,
Figure 3). We also noted that, for the 3 patients who quickly received dantrolene, their temperature rapidly dropped
to normal within one hour. By contrast, for the rest 11 patients who received delayed dantrolene, the hyperthermia
remained for several hours.
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Figure 3 The association between administration time of dantrolene and outcomes. The increased time interval between the first signs of MH and dantrolene
administration is associated with increased mortality (p = 0.071).
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Discussion

To our knowledge, this is the first retrospective study investigating the current diagnosis and treatment of MH in China,
based on the Chinese Malignant Hyperthermia Emergency Help WeChat group. The whole mortality rate of MH patients
was 53.4% in our research, which was lower than previous study in Chinese population (approximately up to 73.5%),"?
however, obviously higher than that of Europe and the United States (approximately 11%).” For one thing, the reduction
in mortality was attributed to the positive rescue effect of the CMHEA Group. To a certain extent, expert advice from the
WeChat group assisted the quick diagnosis of MH, and improved the standard treatment of MH. Furthermore, increasing
utilization of dantrolene in China further improved prognosis of MH patients. In our study, 24.1% (14 of 58) patients
received dantrolene, which increased obviously than previous reports (only 4 of 98).'” In addition, the survival rate of
patients receiving dantrolene treatment was significantly higher than that of patients not receiving dantrolene (78.6% vs
36.4%, p = 0.007). It is undeniable that the WeChat group could optimize the mobilization of dantrolene and promote its
utilization.

Our findings showed that MH trait was significantly higher in males compared with females (88.9% vs 11.1%), which
are consistent with prior studies.®**° On the whole, the pathomechanism leading to gender differences in the penetrance
of MH is still unknown, it may be attributable that epigenetic RYR/ allele silencing has been ruled out as a cause of
reduced penetrance of MH susceptibility in females.®*' Different from earlier findings showing that children aged 12 or

% our results described that children aged 17 or younger

younger comprised more than 50% of all MH reactions,’
accounted for 36.1% of all MH cases. Even so, it still implies that younger people might be most affected.

The results of this study suggest that the diagnosis of MH in China mainly depends on clinical diagnosis, and the
median of MH clinical grading score of 36 patients was up to 55. Our results showed that abnormal hyperthermia and
hypercarbia were the most common initial symptoms of MH, emphasizing the importance of body temperature
monitoring and end-tidal dioxide monitoring. Whereas, in many Chinese hospitals, intraoperative body temperature
monitoring and end-tidal carbon dioxide monitoring are still not routine, which was in urgent need of change. Only 4
patients who underwent genetic testing showed positive results associated with mutations in RYRI and CACNALS genes.
At present, 48 RYRI and 2 CACNAIS variants are recognized as MH-causative mutations.® Besides, variants in SH3 and
cysteine-rich domain 3 (STAC3) genes are also associated with MH.?>** Our current genetic testing kit did not contain all
known MH-diagnostic mutation sites, and the limitation of genetic detection method might underestimate the prevalence
of MH susceptibility. Although over one hundred potentially pathogenic RYR!/ variants were found in at least one
independent MH family, a significant proportion of RYRI sequence variants in the human gene mutation database
classified as “disease-causing mutations” was found to be probably benign, or as being of unknown pathogenicity.'"*'?
The sensitivity of commonly used bioinformatics prediction tools for RYRI and CACNA IS has been estimated 46 at 84—

100% with specificity of 25%-83%.'> The good news is that the development of next-generation sequencing
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technologies provides another powerful method for MH diagnosis.*> Furthermore, a recent study identified that transient
receptor potential vanilloid 1 (TRPV1) variants contribute to the sarcoplasmic reticulum Ca2-+-release/Ca2+-leak
mechanism and highlight a potential actionable therapeutic target of MH.?® While muscle biopsy and caffeine-
halothane contracture testing are the gold standard of MH diagnosis, the extremely low incidence of MH limits its
application and owing to this, the diagnosis of MH in China highly relies on clinical diagnosis. Consequently, we need to
strengthen the training of MH clinical diagnosis.

The outcome determining factors is the time interval from the onset of MH reaction to establishment of correct
treatment, including terminating the trigger agent exposure and administering dantrolene.’ Nevertheless, our results
suggest that only 3 patients quickly received dantrolene after MH episode. Furthermore, with the delay of dantrolene
administration, the survival rate of the patients decreased although not statistically different. The fact is far away from
the recommendation of the MHAUS that dantrolene should be immediately available (for administration within
10min) in operating room areas.”’*" Indeed, as the only disease-specific drug available for MH, lack of IV dantrolene
in most Chinese hospitals is the major problem in MH treatment.'*?° Only few hospitals in China stored IV dantrolene
because of the high cost and low utilization. In addition, the imported IV dantrolene was not on the list of government-
approved drugs in China in the past years. Fortunately, domestic IV dantrolene was produced by a Chinese pharma-
ceutical company (Livzon Pharmaceutical Group Co., Ltd, Zhuhai, China) and approved by the Chinese Food and
Drug Administration (CFDA) in October 2020. With the introduction of domestic dantrolene to China, it is critical to
keep dantrolene for immediately accessible in anesthesia sites, and we are hopeful that the mortality of MH could
dramatically reduce. An alternative to make dantrolene more available in more hospitals may be that the manufac-
turers can produce and offer smaller containers of dantrolene. This may reduce costs and limit the waste of unused
product.

The prognosis of an MH crisis depends on how soon MH is suspected and how fast treatment is initiated. The WeChat
group has improved the treatment efficiency of MH. However, this model may be insufficient to promote in clinic in face
of increasing MH crisis. First, this group can only accommodate 500 members from 300 hospitals, and the limited
capacity limits the inclusion of more grass-roots hospital. Meanwhile, Chinese grass-roots hospitals are exactly in more
need of help, owing to poor infrastructure and facilities, and little experience. Secondly, the critical messages for help
could likely be ignored by other irrelevant messages. Similarly, the help seekers also need to extract effective suggestion
from a large number of messages, which seems time-consuming. Last but not least, sometimes no one responds to the
emergencies in the group, due to the incapability of automatic alerts. Therefore, a more real-time and effective
emergency system for MH is urgently needed in China.

Telephone hotlines for MH counselling and management guidelines have been established in many countries.
A smartphone application issued by the EMHG in cooperation with the MHAUS can also provide direction to MH
management.”> In China, we plan to develop a system national remote emergency system for MH based on an applet of
the WeChat app. Unlike WeChat group, which was characterized by communication convenience, WeChat app focuses
on tool-based services, which means it can implement more functionality than WeChat group.**>? Moreover, medical
staff could find this system quickly through searching this applet in WeChat without taking time to download a new app,
especially in the rescue, race against time. We are confident that if well designed, the applet can achieve the key functions
including quick auto-diagnosis, rapid initiation of MH treatment and dantrolene mobilization, and ultimately improve the
management of MH in China.

There are limitations inherent to our study design. Data collection was retrospective and based on questionnaire,
carrying the risk of recall bias. Second, some patients’ data were missing, and the features of small sample limits this
study. Still and all, as the first retrospective study based on CMHEA WeChat Group we analyzed the current diagnosis
and treatment of MH in China, discussed the strength and flaws of WeChat group model, and explored the future possible
model for MH management in China.

Conclusions
From 2015 to 2020, the current diagnostic methods of MH in China are mainly clinical diagnosis. Early use of dantrolene
can decrease the mortality of MH, but few hospitals in China stored dantrolene. Nowadays, it is critical to keep
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dantrolene for immediate accessibility with the introduction of domestic dantrolene to China. The WeChat group model
has played an important but limited role in diagnosis and treatment of MH, and future possible models for quick and
comprehensive MH management are worthy of exploration.
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