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Malignant hyperthermia susceptibility diagnosed with a family-specific
ryanodine receptor gene type 1 mutation
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Abstract

Malignant hyperthermia (MH) is an autosomal dominant dis-
order of skeletal muscle calcium regulation, and the rate of
calcium-induced calcium release (CICR), determined by using
skinned fibers of skeletal muscle, has been employed as a
diagnostic test for MH susceptibility in Japan. The ryanodine
receptor (RYR1), encoding the major calcium-release channel
in skeletal muscle sarcoplasmic reticulum, has been shown to
be mutated in a number of MH pedigrees. We experienced the
detection of accelerated CICR and/or an RYRI mutation in a
patient with an MH episode and his family. Accelerated CICR
and an RYRI mutation (c.14512C>G, p.L4838V) were found
in the patient and his father. The MH-causative mutation
(c.14512C>G, p.L4838V) was also found in his brother and his
son (resulting in the diagnosis of MH without the CICR test),
but the mutation was not found in his mother or two daugh-
ters. With the detection of the family-specific mutation in
other family members, the diagnosis of MH was made without
the invasive CICR test.
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Introduction

Malignant hyperthermia (MH) is an autosomal domi-
nantly inherited disorder that is considered to originate
from the abnormal regulation of skeletal muscle calcium
release [1,2].

The diagnosis of susceptibility to MH is achieved by
the whole-muscle caffeine-halothane contracture test
(CHCT) in North America [3] and by the in vitro con-
tracture test (IVCT) in Europe [4], whereas in Japan, it
is determined by detecting an acceleration of the rate
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of calcium-induced calcium release (CICR) from the
sarcoplasmic reticulum (SR) in comparison to reference
values previously measured in healthy controls [5,6].

The ryanodine receptor (RYRI) gene encodes the
key channel which mediates calcium release in skeletal
muscle during excitation-contraction coupling, and
mutations in this gene are considered to account for
susceptibility to MH [7].

We herein report a case of an MH family with detec-
tion of accelerated CICR and an RYRI mutation.

Case report

A 35-year-old man, weighing 55kg, was admitted to our
hospital for surgery for an upper limb bone fracture. He
had a past history of MH, which had been diagnosed 15
years previously during inhalation anesthesia for surgery
for a lower limb bone fracture, and he had been treated
with dantrolene at a university hospital. He did not
receive any specific test for MH thereafter. For the
present surgery, we maintained anesthesia with total
intravenous anesthesia (TIVA) including fentanyl, pro-
pofol, and vecuronium bromide, and he showed no MH
symptoms perioperatively. After the operation, a skele-
tal muscle biopsy test was performed for the measure-
ment of the CICR rate with chemically skinned muscle
fibers from the patient; skeletal muscle fibers were also
obtained from his parents in order to carry out these
measurements. The measurements of the CICR rate
were performed by Dr. Keiko Mukaida at the Division
of Anesthesia, Hiroshima Prefectural Rehabilitation
Center. The CICR rate test was performed according to
the previously established protocols [8]. Details are
given in the report of Oku et al. [9]. If the CICR rate at
each Ca concentration exceeded or was equal to the
mean value plus two SDs from the normal control data
of 12 subjects diagnosed as MH-negative according to
the CHCT in the report of Oku et al. [9], the specimen
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Fig. 1. Calcium-induced calcium release
(CICR) rates in the patient and his parents
at four calcium concentrations. Data
values are expressed as means = SD for
four determinations at each concentration
(n=4) in each individual. For comparison,
the average CICR rates of 12 patients who
were diagnosed as being malignant hyper-
thermia (MH)-negative according to the
whole-muscle caffeine-halothane contrac-
ture test (CHCT) in the report of Oku
et al. [9] are also shown (normal group). If
the CICR rate at each Ca concentration
exceeded or was equal to the mean value
plus two SDs from the data of the normal
group, the specimen was classified as
showing an accelerated rate. The CICR
rates in the patient and his father were
significantly accelerated, but that of the
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was classified as showing an accelerated CICR rate. The
patient and his father, but not his mother, showed sig-
nificant acceleration in the CICR rate (Fig. 1). Mutation
detection in the RYRI gene was performed in the
patient and his parents, and an RYRI mutation
(c.14512C>G, p.L4838V) in exon 101 within the C-
terminal channel region was found in the patient and
his father (Fig. 2). The same mutation study was per-
formed in the patient’s other family members, i.e., two
daughters (aged 12 years and 8 years), a son (age 6
years), and a younger brother. The RYRI gene was
studied by Drs. Carlos A. Ibarra and Ichizo Nishino at
the Department of Neuromuscular Research, National
Institute of Neuroscience, National Center of Neurol-
ogy and Psychiatry, Tokyo, Japan. Genomic DNA was
extracted from peripheral blood lymphocytes and the
entire RYRI coding region was sequenced according to
a previously established protocol [10]. Intronic primers,
approximately 25-bp-long, were designed to amplify all
106 RYRI exons with their flanking intron boundaries
by polymerase chain reaction (PCR). Details are given
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Fig. 2. The genetic mutation for malig-
nant hyperthermia (MH) in the ryano-
dine receptor gene (RYRI) in this family.
In exon 101 within the C-terminal channel
region, an MH-causative mutation
(c.14512C>G, p.L4838V) was identified.
RYRI data for the MH family were pro-
vided by C.A.L. and L.N. (Department of
Neuromuscular Research, National Insti-
tute of Neuroscience, National Center
of Neurology and Psychiatry, Tokyo,
Japan) and are reproduced with their
permission

4973 COOH

-

5038

in the report of Ibarra et al. [11]. The family-specific
mutation (c.14512C>G, p.L4838V) was also detected in
the patient’s younger brother and his son (Fig. 2), but it
was not detected in his mother or two daughters. With
the detection of the MH causative mutation in his
brother and his son, they were diagnosed as having MH
without the CICR test (Fig. 3).

Discussion

In their daily lives, predisposition to MH does not pose
a threat to MH-susceptible (MHS) individuals. Thus,
the major goal of MH diagnosis is to identify suscep-
tible patients before the administration of trigger
agents. In Japan, the accepted standard test for MH
susceptibility is the CICR test. However, the CICR test
is performed on skinned fibers prepared from patients’
skeletal muscle [5,6], so a less invasive diagnostic test
for MH has been actively sought for many years.
After the introduction of molecular genetics into MH
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research, guidelines for the molecular genetic diagnosis
of MH susceptibility were published by two MH study
groups [12,13]. According to these guidelines, once a
mutation is identified in the affected member, family
members will be offered testing for the presence of the
family-specific mutation; those in whom the mutation
is found are diagnosed as having MH without in vitro
contracture testing. However, to avoid the danger
of a false-negative diagnosis, it will remain necessary
to perform the CHCT for the diagnosis of those
family members who do not carry the familial RYRI
mutation.

Here, an RYRI gene mutation (p.L4838V) was found
in the patient and his father, who had clearly acceler-
ated CICR rates, and in his son and his younger
brother, for whom the CICR test was not performed.
The patient’s son and his brother were diagnosed as
MHs individuals due to the identification of the caus-
ative MH mutation. Although the RYRI mutation was
not detected in the patient’s daughters, the guidelines
call for performing the IVCT when mutation analysis
results are negative.

RYRI is a homotetrameric protein. Each subunit has
a molecular weight of 560kDa (5038 amino acids),
making it one of the largest proteins known. Located on
chromosome 19, the RYRI gene spans 160000 nucleo-
tide bases, and consists of 106 exons; as such, it is one of
the most complex human genes [7]. To date, more than
80 mutations in the huge gene that encodes RYR type 1
(RYRI) have been associated with MH. Most of the
MH-related mutations have been found mainly in three
regions or “hot spots”: domain 1, in the cytoplasmic
aspect of the protein near the N-terminus between resi-
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Fig. 3. The family pedigree, showing
results of CICR tests and genetic test

dues p.M1 and p.R614; domain 2, in the central region
(p-R2163-p.R2458); and domain 3, in the C-terminal
region (p.R4136—p.4973) that encodes the transmem-
brane pore-forming segment [14] (Fig. 2).

However, it is known that the location and distribu-
tion of mutations in the RYRI gene in MH patients is
highly variable among populations. Particularly, in
Japanese patients, the distribution of mutations is not
limited to the widely accepted hot spots, even though
they occur more frequently in some regions of the gene
[11]. Although the vast size of the RYRI gene makes
it painstaking to screen the entire gene, it is still impor-
tant to screen the whole open reading frame of the
RYRI gene for genetic investigations in MHs individu-
als. In the MH family in the present study, the entire
RYRI coding region from genomic DNA was sequenced,
and a family-specific mutation (p.L4838V) was identi-
fied. The p.L4838V mutation is the one that was identi-
fied in a Japanese MHs pedigree and found to be
responsible for MH in the study done by Oyamada
et al. [15]. If other members in the family in the present
study receive general anesthesia, the screening test at
the same specific mutation only would be acceptable.
Although family members who are positive for the
same mutation could be regarded as MH-positive, the
CICR test would be needed in mutation-negative
family members.

In summary, an MH-causative mutation was identi-
fied, by sequencing the entire RYRI coding region, in a
patient with a clearly accelerated CICR rate. With the
detection of the family-specific mutation in other family
members, it was possible to make the diagnosis of MH
without performing the invasive CICR test.
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