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Purpose. Malignant hyperthermia (MH) is a rare genetic disorder but one of the most severe complications of general anesthesia.
The mortality rate of MH has dropped from 70% in the 1960s to 15% because of dantrolene, the only currently accepted specific
treatment for MH. In this study, we retrospectively identified the optimal dantrolene administration conditions to reduce MH
mortality further. Methods. Our database performed a retrospective analysis of patients with MH clinical grading scale (CGS)
grade 5 (very likely) or 6 (almost certain) between 1995 and 2020. We examined whether dantrolene administration affected
mortality and compared the clinical variables associated with improved prognosis. Furthermore, a multivariable logistic
regression analysis was used to identify specific variables associated with improved prognosis. Results. 128 patients met the
inclusion criteria. 115 patients were administered dantrolene; 104 survived, and 11 died. The mortality rate of patients who
were not administered dantrolene was 30.8%, which was significantly higher than those of patients who were administered
dantrolene (P = 0:047). Among patients administered dantrolene, the interval from the first sign of MH to the start of
dantrolene administration was significantly longer in the deceased than in the survivors (100min vs. 45.0min, P < 0:001), and
the temperature at the start of dantrolene administration was also significantly higher in the deceased (41.6°C vs. 39.1°C, P <
0:001). There was no significant difference in the rate of increase in temperature between the two, but there was a substantial
difference in the maximum temperature (P < 0:001). The multivariable analysis also showed that the patient’s temperature at
dantrolene administration and interval from the first MH sign to dantrolene administration was significantly associated with
improved prognosis. Conclusions. Dantrolene should be given as rapidly as possible once MH has been diagnosed. Beginning
treatment at a more normal body temperature can prevent critical elevations associated with a worse prognosis.

1. Introduction

Malignant hyperthermia (MH) is an autosomal dominant
disorder that results in hypermetabolism of skeletal muscle.
It is rare but one of the most severe complications of general
anesthesia. The incidence of MH is 1-2 per 100,000 available

anesthesia cases and higher in younger male patients,
including neonates [1, 2].

Triggering drugs such as volatile anesthetics and depo-
larizing muscle relaxants increase the rate of Ca2+ release
from the SR and exceed the speed of Ca2+ uptake by the
SR, resulting in a sustained increase in intracellular Ca2+
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concentration, resulting in uncontrollable skeletal muscle
hypermetabolism. As a result, MH presents hypermetabolic
reaction symptoms such as respiratory and metabolic acido-
sis, hyperthermia, muscular rigidity, fatal arrhythmia, and
hypoxemia [3–5].

MH can be diagnosed clinically, which evaluates clinical
presentation and laboratory findings, or MH can be diag-
nosed by in vitro testing, which examines the presence or
absence of MH susceptibility, including a muscle biopsy
and genetic analysis [6–8].

Although MH cannot be diagnosed by clinical presenta-
tion alone, identifying symptoms early is crucial to reduce
mortality as MH can progress rapidly and become fatal.
The clinical grading scale (CGS) is commonly used to assess
the possibility of MH. The scoring system gives differential
scores to the various clinical presentations of MH, and the
scores are totaled to calculate the overall likelihood of MH
[9]. Other criteria include Morio et al.’s clinical diagnostic
criteria proposed in Japan, which emphasizes the impor-
tance of body temperature [10]. Despite these criteria, early
diagnosis of MH has remained challenging because MH pre-
sents with variable hypermetabolic symptoms [11, 12].
Therefore, treatment should be initiated as soon as MH is
suspected [1, 13].

In the 1960s, the mortality rate of MH in Japan was 70-
80%. Since then, the mortality rate has decreased to about
15% due to the introduction of dantrolene [1]. However,
today, the mortality rate remains at around 10% [1]. We
hypothesized that the timing at which dantrolene was
administered is essential to improve mortality and identified
optimal conditions when to issue dantrolene.

2. Methods

2.1. Ethics. The retrospective cohort analysis was con-
ducted by the principles of the Declaration of Helsinki,
as revised in 2013. The study was approved by the
ethics committee of Hiroshima University (Epidemiol-
ogy-1081).

2.2. Data Collection and Patient Selection. Hiroshima Uni-
versity is a central MH research facility in Japan and is cur-
rently the only university that can perform the CICR test for
a definitive diagnosis of MH. Our database of MH cases in
Japan was created from anesthetic records, questionnaires,
direct referrals from domestic facilities, and written case
reports in domestic medical journals and conferences related
to anesthesia. In addition, this database contains data from
another institution, Saitama Medical University, that is used
to perform the CICR tests. As a result, Hiroshima University
has been collecting data on Japanese patients with MH since
1960, and our database reflects almost all of the MH cases in
Japan [14].

We retrospectively investigated the MH CGS grade 5
(very likely) or grade 6 (almost certain) cases from our data-
base that occurred between January 1, 1995, and December
31, 2020 (Figure 1). Patients that had insufficient data for
analysis were excluded.

2.3. Retrospective Analysis of MH Cases. Patient demograph-
ics included patient age and sex. The frequency of succinyl-
choline and inhalant anesthetic administration was
compared between survivors and deceased MH patients.
The first signs suggestive of MH (first MH sign) were also
compared in both groups.

The following recorded levels were collected: the fre-
quency of dantrolene administration, timing of dantrolene
administration, maximum rate of increase in body tempera-
ture, maximum body temperature, highest arterial partial
pressure of carbon dioxide (PaCO2), highest end-tidal car-
bon dioxide (ETCO2), lowest arterial blood pH, lowest arte-
rial base excess, highest creatinine kinase, highest serum
myoglobin, and highest potassium. The rate of increase in
temperature was evaluated over 15-minute intervals. Tem-
perature abnormality was defined as a maximum
temperature > 38:8°C or the rate of increase in temperature
≥ 0:5°C/15min based on CGS and Morio’s criteria [9, 10],
respectively. We also compared the dose of dantrolene per
body weight, body temperature at the start of dantrolene
administration, and interval from the first MH sign to the
beginning of dantrolene administration. In addition, the
multivariate logistic regression analysis was performed with
factors related to time and body temperature: body temper-
ature at the start of dantrolene administration, maximum
body temperature, the interval between anesthetic induction
to first MH sign, and interval from the first MH sign to the
beginning of dantrolene administration as explanatory vari-
ables and mortality as the objective variable, since previous
reports have shown that maximum body temperature and
early dantrolene administration are associated with MH
mortality.

2.4. Statistical Analysis. Continuous variables were com-
pared using the Mann–Whitney U test, and Fisher’s exact
test compared categorical variables. The logistic regression
model calculated the adjusted odds ratio (OR) with a 95%
confidence interval (CI). The findings were considered sta-
tistically significant when the P < 0:05. All statistical analyses
were performed using Prism 8.0 software (GraphPad Soft-
ware, San Diego, CA, USA).

3. Results

3.1. Patient Demographics and Characteristics. Our database
has a total of 607 MH cases. 128 patients met the inclusion
criteria, with 113 (88.3%) survivors and 15 (11.7%) deceased.
There was no significant difference in the background char-
acteristics between the survivors and the deceased (Table 1).
The median age was 29 years (IQR, 15.0-52.0) for the survi-
vors and 25 years (IQR, 11.0-53.0) for the deceased. Males
were approximately 2.5 times more likely to experience an
MH event.

3.2. First MH Sign. The most common first MH sign in all
cases was elevated ETCO2 (55.8%), followed by temperature
abnormality (19.5%) and sinus tachycardia (11.5%). How-
ever, among the deceased, sinus tachycardia was more com-
mon than temperature abnormality (Table 2).
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3.3. Dantrolene Administration and MH Mortality. 115
(89.8%) MH patients were administrated dantrolene, and
13 were not (Table 3). The mortality rate of patients not
administered dantrolene was 30.8%, whereas that of patients
given dantrolene was 9.6% (P < 0:047). The years and num-
ber of the fatal cases are listed as follows: 1 in 1995, 2 in
1996, 1 in 1997, 1 in 1998, 2 in 1999, 1 in 2001, 3 in 2002,
1 in 2006, 2 in 2008, and 1 in 2012.

3.4. Clinical Presentation. Our analysis revealed multiple sig-
nificant differences between MH mortality outcomes. Maxi-

mum body temperature, peak serum myoglobin, and peak
potassium were significantly higher in the deceased than in
survivors. The lowest arterial blood pH and base excess were
substantially lower in the deceased. The maximum rate of
increase in temperature, maximum PaCO2, and maximum
ETCO2 was not significantly different (Table 4).

3.5. Dantrolene Administration. There were no differences in
the total dantrolene dose per body weight and the time inter-
val from anesthetic induction to first MH sign between the
survivors and the deceased (data not shown). The time inter-
val from the first MH sign to dantrolene administration was
significantly shorter in the survivors compared to the
deceased (45min (IQR, 25.0-75.0) vs. 100min (IQR, 75.0-
135.0), P = 0:007). The temperature at the start of dantrolene
administration was significantly lower in the survivors
(39.1°C (IQR, 38.6-40.3) vs. 41.6°C (IQR, 39.9-42.8), P <
0:001, respectively).

A logistic regression analysis was performed with the fol-
lowing four variables as explanatory variables and mortality

Excluded

Insufficient data (n = 13)

All MH cases on our database
(n = 607)

Cases from 1995 to 2020
(n = 151)

CGS grade 5 or 6 cases
(n = 128)

Cases without dantrolene administration
(n = 13)

Cases with dantrolene administration
(n = 115) 

Figure 1: Patient selection criteria. MH: malignant hyperthermia; CGS: clinical grading scale.

Table 1: Characteristics of patients.

Survivor (n = 113) Deceased (n = 15) P value

Age (yr), median (IQR) 29.0 (15.0-52.0) 25.0 (11.0-53.0) 0.54

Sex (male/female) 82/31 11/4 > 0.99

Body mass index, median (IQR) 21.6 (17.4-23.9) 22.5 (20.1-26.4) 0.27

Frequency of succinylcholine administration 24.3% 40.0% 0.22

Frequency of inhaled anesthetic administration 100% 100% > 0.99

IQR: interquartile range.

Table 2: The first MH sign.

Survivor
(n = 113)

Deceased
(n = 15) Total

Temperature abnormality 19 3 22 (19.5%)

Elevation of ETCO2 57 6 63 (55.8%)

Sinus tachycardia 9 4 13 (11.5%)

MMR 10 1 11 (9.7%)

GMR 3 0 3 (2.7%)

Elevation of PaCO2 1 0 1 (0.9%)

Missing data 14 1 15 (11.7%)

Temperature abnormality was also defined as a maximum temperature >
38:8°C or rate of increase in temperature ≥ 0:5°C/15min based on clinical
grading scale and Morio’s criteria [9, 10]. MH: malignant hyperthermia;
ETCO2: end-tidal carbon dioxide; MMR: masseter muscle rigidity; GMR:
generalized muscular rigidity; PaCO2: arterial partial pressure of carbon
dioxide.

Table 3: Mortality differences according to dantrolene
administration.

Survivor
(n = 113)

Deceased
(n = 15) Mortality (%)

Without dantrolene 9 4 30.8

With dantrolene 104 11 9.6

Odds ratio 0.24, 95% confidence interval 0.066-0.80, and P value 0.047.
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as the objective variable: the time interval from anesthetic
induction to first MH sign, maximum temperature, the tem-
perature at dantrolene administration, and interval from
first MH sign to dantrolene administration. The results
showed that the body temperature at dantrolene administra-
tion and interval from first MH sign to dantrolene adminis-
tration had a significant association with mortality (Table 5,
P = 0:04 and 0.04, respectively).

4. Discussion

As previously reported, our study showed dantrolene’s effec-
tiveness in treating MH [15–17]. However, we also identified
that a lower body temperature at the start of dantrolene admin-
istration and a shorter interval between the first MH sign and
dantrolene administration were essential to reduce mortality.

Previous studies reported that the most common first
MH signs were elevated ETCO2, sinus tachycardia, and mas-
seter muscle rigidity [18, 19]. In our research, the most com-
mon first MH sign was elevated ETCO2, followed by
temperature abnormality and tachycardia. Contrary to pre-
vious reports, in our patient population, temperature abnor-
mality was observed in 94.5% of cases over the entire course,
and in 19.5% was also the first sign of MH. Previous investi-
gators have reported that temperature abnormality was only
observed in approximately 86% of cases over the entire
course of MH and only in about 8% of cases as a first sign

[18, 19]. The North American Malignant Hyperthermia
Registry of the Malignant Hyperthermia Association of the
United States reported that without temperature monitor-
ing, the mortality risk was 14 times higher, and the mortality
rate was 30% [20]. The Japanese Society of Anesthesiologists
(JSA) guideline for managing the MH crisis in 2016 states
that continuous monitoring of ETCO2 and core temperature
is essential in general anesthesia [1]. The advantage of tem-
perature monitoring is that once the sensor is attached and
measurement is started, changes over time can be observed
continuously in a simple and noninvasive manner. Our
results indicate that temperature monitoring should be
started as early as possible while using anesthesia to identify
any changes in body temperature which may suggest MH.

In an analysis of clinical characteristics during the entire
course of MH events, maximum body temperature, serum
and urine myoglobin, and potassium were significantly
higher in the deceased than in the survivors, and arterial
blood pH and base excess (BE) were substantially lower in
the deceased. Although poor outcomes have been associated
with metabolic acidosis and low BE in patients admitted to
the intensive care unit, it remains unknown whether correc-
tion of metabolic acidosis improves prognosis in MH
patients [21, 22].

Interestingly, there were no significant differences in the
rate of increase in temperature, maximum PaCO2, or maxi-
mum ETCO2. The reason may be that the rise in ETCO2 is

Table 4: Clinical and biochemical presentations at dantrolene administration.

Survivor (n = 104) Deceased (n = 11)
P value

Median (IQR) n Median (IQR) n

Maximum rate of increase in body temperature (°C/15min) 0.80 (0.50-1.00) 93 0.65 (0.53-1.32) 8 0.81

Maximum body temperature (°C) 39.7 (38.8-40.9) 104 41.8 (39.9-43.0) 10 0.0017

Maximum PaCO2 (mmHg) 70.8 (56.4-89.0) 82 94.8 (48.7-152.1) 7 0.25

Maximum ETCO2 (mmHg) 75.0 (65.0-96.5) 81 84.0 (71.3-113.3) 4 0.45

Lowest arterial pH 7.17 (7.05-7.23) 82 6.96 (6.82-7.11) 8 0.0014

Lowest arterial base excess -4.35 (−8.80-−2.00) 78 -14.05 (−19.9-−11.4) 8 < 0.0001

Highest creatinine kinase (IU/L) 3304 (1259-25766) 91 28064 (1723-223740) 8 0.12

Highest serum myoglobin (ng/mL) 1181 (659-1340) 35 24900 (1340-112000) 6 0.007

Highest potassium (mEq/L) 5.3 (4.5-6.0) 71 6.2 (5.0-7.6) 9 0.021

Dose of dantrolene (mg/kg) 1 (0.75-1.94) 27 0.98 (0.90-1.45) 7 0.70

Temperature at dantrolene administration (°C) 39.1 (38.5-40.3) 43 41.6 (39.9-42.8) 10 < 0.001

Anesthetic induction to first MH sign (min) 60.0 (30-130) 87 90.0 (15-165) 10 0.85

Interval from first MH sign to dantrolene administration (min) 45.0 (25.0-75.0) 43 100.0 (75.0-135.0) 5 0.007

Subjects with missing data were excluded. IQR: interquartile range; PaCO2: arterial partial pressure of carbon dioxide; ETCO2: end-tidal carbon dioxide; MH:
malignant hyperthermia.

Table 5: Adjusted odds ratios of prognosis associated with the condition at dantrolene administration.

Explanatory variables Odds ratio 95% CI P value

Temperature at dantrolene administration (°C) 0.04 0.0009-0.57 0.04

Maximum body temperature (°C) 4.22 0.43-54.3 0.21

Interval from first MH sign to dantrolene administration (min) 0.96 0.92-0.99 0.04

Anesthetic induction to first MH sign (min) 1.01 0.99-1.02 0.46

MH: malignant hyperthermia; 95% CI: 95% confidence interval.
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obscured by the increase in minute ventilation and therefore
does not accurately reflect the progression of MH [23].
Reports from the North American Malignant Hyperthermia
Registry (NAMHR) of the Malignant Hyperthermia Associ-
ation (MHAUS) have also shown that ETCO2 cannot predict
prognosis [20], and it has been recently reported that mea-
surement of CO2 removal is necessary [24]. There was no
difference in the dantrolene dose between the deceased and
survivors, but the interval from the first MH sign to dantro-
lene administration was significantly longer in the deceased,
and the temperature at the start of dantrolene administra-
tion was also significantly higher in the deceased.

The primary complications of MH include rhabdomyol-
ysis, renal dysfunction, disturbance of consciousness, pul-
monary edema, disseminated intravascular coagulation,
and liver dysfunction, all of which may affect prognosis.
Various studies have shown the relationship between MH
complications and maximum temperature. It has been
reported that a 2°C increase in maximum temperature is
associated with a 2.9-fold increase in the risk of complica-
tions. That maximum temperature is an independent risk
factor for complications, with higher temperatures associ-
ated with an increased risk of all complications [19]. In
our study, the maximum temperature was approximately
2.0°C higher in the deceased than in the survivors, which
may have affected the prognosis.

Recent studies have suggested that ryanodine receptor 1
(RYR1) plays an important role in heat-induced Ca2+ release
and the progression to MH [25]. Furthermore, these data
suggest a positive feedback mechanism altering thermogene-
sis causing MH. RYR1 mutant mice have been shown to
have increased metabolic rates with increased Ca2+ leakage
by volatile anesthetics [26, 27]. These data help suggest
why temperature management early on is essential to MH
mortality.

Dantrolene is the specific antidote for MH events. Early
administration is associated with decreased complication
risk and mortality [18, 20]. The univariate analysis limited
to the cases administered dantrolene showed that the time
from the first MH sign to dantrolene administration was
longer in the deceased than in the survivors, and the maxi-
mum temperature and temperature at the start of dantrolene
administration were higher. Multivariate analysis also
showed that the temperature at dantrolene administration
and interval from first MH sign to dantrolene administra-
tion was significantly associated with mortality. The Euro-
pean Malignant Hyperthermia Group (EMHG) guideline
2020 states that dantrolene should be available for adminis-
tration within 5min after recognizing the first MH sign [15].
There are also reports that the risk of complications
increases 1.6-fold for every 30min delay between the first
MH sign and dantrolene administration and reaches 100%
when the delay exceeds 50min [18]. In Japan, a more soluble
formulation of dantrolene (Ryanodex®, in 250mg/vial to be
reconstituted with 5ml sterile water) has not been approved.
Therefore, a less easily reconstituted dantrolene formulation,
Dantrium (20mg/vial after it is mixed with 60ml of sterile
water), must be used. If dantrolene is not immediately avail-
able, the temperature will continue to increase from when

the prescription is requested until it is dissolved and admin-
istered. Our results suggest that monitoring temperature
carefully after anesthesia induction and administering dan-
trolene expeditiously at a time when body temperature is less
elevated may decrease MH event mortality.

Our study is limited as the database used in this study
consisted of questionnaires and case reports from multiple
institutions. As a result, missing data or a lack of uniformity
in measurement criteria regarding clinical presentations may
affect our interpretation of the results. We could not analyze
the timing of blood collections as these were not known.
Further accumulation of data is necessary for a more accu-
rate understanding of the occurrence of MH in the future.

In conclusion, we investigated the clinical presentations
and dantrolene administration in patients with MH in Japan
since 1995. This study indicates the importance of quickly
identifying MH and beginning dantrolene administration
as crucial to improving prognosis. This will allow treatment
to start at more normal body temperatures and prevent crit-
ical elevations associated with a worse prognosis. Developing
protocols improving access to quickly obtaining and admin-
istrating dantrolene are essential to decreasing MH
mortality.
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