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総 説

Malignant hyperthermia-like reactions in Duchenne or

Becker muscular dystrophy: review and hypothesis

Akio Takagi, M.D.１）２）and Hirofumi Nakase, M.D.２）

Abstract: Adverse reactions to genral anesthesia, which partly resembled malignant hyperthermia (MH) ,
were more frequent in muscular dystrophy than in controls. In the present study, 35 cases so far reported in
Duchenne or Becker muscular dystrophy (DMD or BMD) were analyzed and their pathogenesis was discussed.
Cardiac involvements were sole manifestations in 7 cases. In other 28 cases, the acute rhabdomyolysis was the
most prevailing manifestation. About 60% of myolysis cases were associated with muscle contracture (rigidity) or
other hypermetabolic signs such as hypercapnia, hyperthermia and metabolic acidosis. Cases with BMD were
more hyperthermic than with DMD. These results suggest Ca ion-induced hypermetabolic reactions are also pre-
sent in dystrophinopathy, which have been assumed as core syndromes of the classical (gene-defined) MH. How-
ever, question whether the abnormal Ca ion is from the extracellular or intracellular stores is still unclear. Circum-
stancial evidences suggest that the Ca-induced Ca release (CICR) mechanism might also be involved. Endogenous
redox modulators such as nitric oxide or reactive oxygen species in the dystrophic muscle might contribute to the
perturbed Ca ion homeostasis.
（臨床神経，48：101―105, 2008）
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Cobham and Davies firstly reviewed adverse reactions to
general anesthesia in patients with various types of muscu-
lar dystrophy１）. Although similar complications prevailed in
other neuromuscular diseases, our concern was limited to
Duchenne or Becker muscular dystophy (DMD or BMD, or
dystrophinopathy) in the present study. It was because this
problem was mostly referred and biochemical abnormalities
were clearly defined in dystrophinopathy. According to
Worthen et al, the prevalence of risk for untoward reactions
was more than 1 in 200 in patients with DMD２）. In another
report, three episodes resembling malignant hyperthermia
(MH) were complicated in 84 courses of general aneshtesia of
DMD patients３）. The incidence of MH in general population is
less than 0.01%４）and it seems much higher in dystrophinopa-
thy. In the present study, clinical and laboratory data were
analyzed on cases so far reported. Among these adverse re-
actions, the acute rhabdomyolysis seemed to constitute a ma-
jor syndrome. The muscular rigidity or hypermetabolic
states, which were pathognomonic signs of MH, were associ-
ated in about 60% cases. Causes of these abnormal reactions
were discussed in relation to the pathophysiology of Ca ion

homeostasis in the skeletal muscle.

Methods

Clinical data of 28 patients with DMD, 6 with BMD and a
carrier of dystrophinopathy in 24 papers, in two of which the
authors had participated, were reviewed５）～２８）. Patients age
was distributed between 4 months and 13 years (mean: 5.3
years) for DMD and between 8 and 22 years for BMD (mean:
14.5 years). A carrier was 1.5 year old. Following items were
listed when available :cardiac complications, body tempera-
ture, muscular symptoms, myoglobinuria, serum potassium
and CK, and arterial blood gas (pH, PaCO2, bicarbonate, base
excess). Influences of succinylcholine or dantrolene sodium
were also examined. A special attention was paid on muscu-
lar symtoms and signs of hypermetabolism such as hyper-
thermia, hypercapnia, or metabolic acidosis. When the acute
rhabdomyolysis was associated with muscular rigidity and�
or hypermetabolism, complications were classed as MH-like
reactions.
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Table 1 In 28 cases presenting the acute rhabdomyolysis, other associ
ated abnormalities were classified.

not mentionedabsentpresent (%)

 1 case2 cases25 cases (93)cardiac complications
 6121 (96)myoglobinuria
 9712 (63)hyperthermia
115 plus 2 ＊10 (59)muscular rigidity
155 8 (62)serum K above 5.5meq/l
 8119 (95)serum CK above 15,000IU

arterial blood gas
13312 (80)pH below 7.2
16210 (83)PaCO2 above 47mmHg
230 5 (100)bicarbonate below 22meq/l
190 9 (100)base excess below － 2mmol/l

＊ Cases presented myalgia or muscular weakness

Table 2 Concomitant appearance of muscu
lar rigidity or other hypermetabolic signs ＊ 
in 28 cases of acute rhabdomyolysis

Number of casesNumber of concomitant signs ＊

8 cases0
61
42
93
14

＊ These signs included hyperthermia, metabolic aci
dosis or hypercapnia.

Results

1．Classification of adverse reactions
Cardiac involvements were sole complications in 7

cases５）１８）２７）. In cardiac involvements, tachycardia, tachyar-
rhythmia or bradycardia appeared initially and ventricular
flutter and then fibrillation developed, which terminated in
asystole. In other 28 cases, the acute rhabdomyolysis or
other muscular symptoms were observed. In these 28 cases,
associated abnormalities were classified (Table 1) . Cardiac
complications were associated in 93% . Myoglobinuria, in-
creased serum CK and metabolic acidosis were observed in
96, 95 and 80%, respectively. The body temperature elevated
in 63% and muscular rigidity appeared in 59%, of which 4
cases (27％) presented only a masseter spasm６）９）２３）２４）．

2．Muscular rigidity and hypermetabolism (Table 2)
Among various abnormalities, muscular rigidity, hyper-

thermia, hypercapnia and acidosis were focussed. In 28 cases
of the acute rhabdomyolysis, 8 cases lacked these signs. Nine
cases presented 3 of them and one presented all 4 signs.

3．Pharmacological aspects
Succinylcholine was applied in 21 cases (61%). When succi-

nylcholine was infused, adverse reactions appeared immedi-
ately or within 10 minutes after infusion in 7 cases. However,
in cases without succinylcholine, their appearances pro-
tracted. In these instances, adverse reactions happened often
in a postoperative recovery room (Table 3). Dantrolene so-
dium was administered in 7 patients, in two of whom the
agent seemed effective. In other cases, the effect of dan-
trolene was not described.

4．Comparison between DMD and BMD (Table 4)
Various clinical and laboratory parameters were com-

pared between DMD and BMD. Among parameters listed in
Table 4, only the maximum body temperature was signifi-

cantly higher in BMD. Muscular rigidity presented in 61% of
DMD cases and 67% of BMD (P＝0.78). Myoglobinuria was
detected in 57% of DMD cases and 40% of BMD (P＝0.51).

Discussion

In the present study, following questions were asked: had
adverse reactions of dystrophinopathy any common path-
omechanism with the classical MH? In another word, de-
rangements of Ca ion homeostasis was responsible for ad-
verse reactions? Then, whether did the elevated Ca ion origi-
nate from the extracellular space or intracellular stores? For
these purposes, clinical and laboratory parameters were ana-
lyzed. Especially, we focussed on the acute rhabdomyolysis
associated with muscular rigidity or hypermetabolic parame-
ters. As hypermtabolic parameters, hyperthermia, hypercap-
nia and metabolic acidosis were counted. Although they
were not necessarily hypermetabolic signs, these were
pathognomonic for the classical MH and were attributed to
the uncontrolled Ca ion release mechanism２９）．

Cardiac failure had occcurred without any other systemic
involvement２７）. This was attributed to the subclinical cardio-
myopathy in dystrophinopathy, which could not stand hemo-
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Table 3 The time interval between noticing adverse reactions and appli
cation of succinylcholine or other agents.  Succinylcholine was applied 
in 19 and not applied in16 cases.

without succinylcholinewith succinylcholine

1 cases7 casesimmediate―10 minutes
14between 11 and 60 minutes
31after 60 minutes
91postoperative period
112nd day
15No information

Table 4 Comparison of clinical parameters between DMD and BMD 
during adverse anesthetic reactions.

P valuerange (n)S.E.mean

serum potassium (mEq)
― 4.2-10.4 (12)0.6  6.9DMD
0.414.2-6.9 (3) 0.8  5.8BMD

serum CK (IU/L)
―17,000-125,000 (15)11,00064,000DMD
0.3437,000-252,000 (6) 34,00092,000BMD

body temperature (℃)
―  36-38.6 (17)0.2 37.2DMD
0.02 36-40.6 (4)1.4 38.9BMD

arterial blood pH
―6.85-7.40 (10)0.11  7.11DMD
0.336.60-7.17 (5) 0.12  6.91BMD

dynamic stresses. In cases of the rhabdomyolysis compli-
cated with cardiac events, the pathophysiological discussion
seemed more complicated, because the rhadomyolysis itself
could cause cardiac complications or they might be involved
simultaneously. Among 28 cases of the acute rhabdomyoly-
sis, 19 cases were associated with one or more hyperme-
tabolic signs. Two cases seemed inseparable from the classi-
cal MH in their presentations１０）２４）. In this context, these 19
cases were classed as MH-like and suggested that homeosta-
sis of the intracellular Ca ion might be disturbed as in the
classical MH.

When adverse reactions were compared between DMD
and BMD, incidence or extent of most clinical parameters
were the same except body temperature. The maximum
body temperature was significantly higher in BMD cases.
This might reflect the fact that BMD patients were elder and
retained more skeletal muscle mass, which produced exces-
sive heat during adverse events.

It has been speculated that dystrophic plasma membrane
is more vulnerable to volatile anesthetics and subject to the
rhabdomyolysis and subsequent events２３）３０）. Actually, the
metabolic acidosis is well delineated as a sequela of acute
rhadomyolysis. This might be the case, but a fundamental
question concerning roles of dystrophin for this vulnerability

still remains unsolved. Supporting evidences for this hy-
pothesis seem inconclusive.

In 39% of cases, complications developed without applica-
tion of succinylcholine. In these instances, progress of the
syndrome was rather protracted and mostly appeared in the
postoperative period. This protracted course might suggest
involvements of a gradual and self-activating process rather
than a direct breakdown of the plasma membrane on expo-
sure to agents. Succinylcholine might accelerate the process
by the depolarization. In a few cases, dantrolene seemed ef-
fective for ameliorating the syndrome. It is well known that
the site of action of dantrolene sodium is limited to the ryano-
dine receptor (RYR)３１）. Concerning the source of elevated Ca
ion, we are yet short of definite evidences and a possible acti-
vation of the CICR might remain as a candidate.

In the huge RYR type 1 gene, more than 100 kind of muta-
tions are detected, presenting at least two or more different
phenotypes３２）３３）. In the gene-defined MH, mutations has been
clustered in 3 domains of the RYR. These mutations could
cause interdomain interaction, enhancing the CICR mecha-
nism３４）. On the other hand, the RYR contains a number of
highly reactive SH groups, which are amenable to redox re-
actions. Endogenous, physiological redox modulators, such as
nitric oxide (NO), reactive oxygen species (ROS), glutathione
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disulfide and oxygen tension, could cause oxidation of thiols,
enhancing the CICR３５）. In dystrophic muscle, the NO syn-
thase was distributed and up-regulated in the cytoplasm３６）.
In dystrophinopathy, cycteine residues of proteins seemed
more susceptible to ROS３７）, but exact targets of ROS were
not specified and they might be multiple. Roles of these
modulators need to be studied in relation to the pathogenesis
of MH-like reactions in muscular dystrophy.

In the present study, results of the in vitro contracture
test (IVCT) was not included in the discussion. In previous
study, it was shown that response to caffeine differed from
normal controls in the contractile system of dystrophic mus-
cle３８）. This phenomenon was probably due to abundance of
regenerating fibers of dystrophic muscle, influencing sensi-
tivity and specificity of the IVCT.

References

1）Cobham IG, Davis HS: Anesthesia for muscle dystrophy
patients. Anesth Analg 1964; 43: 22―29

2）Worthen HM, Kuban KCK, Sullivan KF, et al: A national
survey of anesthetic complications in children with
Duchenne’s muscular dystrophy. Anesth Analg 1987; 66:
S190 (Abstract)

3）Larsen UT, Juhl B, Hein-Sorensen O, et al: Complications
during anaesthesia in patients with Duchenne’s muscular
dystrophy (a retrospective study). Can J Anaesth 1989;
36: 418―422

4）Φrding H: Incidence of malignant hyperthermia in Den-
mark. Anesth Analg 1985; 64: 700―704

5）Boba A: Fetal postanesthetic complications in two mus-
cular dystrophic patients. J Pediatr Surg 1970; 5: 71―75

6）Genever EE: Suxamethonium-induced cardiac arrest in
unsuspected pseudohypertrophic muscular dystrophy :
case report. Brit J Anaesth 1971; 43: 984―986

7）Kepes ER, Martinez LR, Andrews IC, et al: Anesthetic
problems in hereditary muscular abnormalities. NY State
J Med 1972; 72: 1051―1053

8）Miller ED, Sanders DB, Rowlingson JC, et al: Anesthesia-
induced rhabdomyolysis in a patient with Duchenne’s
muscular dystrophy. Anesthesiology 1978; 48: 146―148

9）Seay AR, Ziter FA, Thompson JA: Cardiac arrest during
induction of anesthesia in Duchenne muscular dystro-
phpy. J Pediatr 1978; 93: 88―90

10）Boltshauser E, Steinmann B, Meyer A, et al: Anaesthesia-
induced rhabdomyolysis in Duchenne muscular dystro-
phy. J Anaesth 1980; 52: 559

11）Karpati G, Watters GV: Adverse anaesthetic reactions in
Duchenne dystrophy. In Muscular dystrophy research.
Advances and new trends, ed by Angelini G, Danieli GA,
Fontanari D, Excerpta Medica, Amsterdam, 1980,

pp 206―217
12）Linter SPK, Thomas PR, Withington PS, et al: Sux-

amethonium associated hypertonicity and cardiac arrest
in unsuspected pseudohypertrophic muscular dystrophy.
Br J Anaesth 1982; 54: 1331―1332

13）Oka S, Igarashi Y, Takagi A, et al: Malignant hyper-
pyrexia and Duchenne muscular dystrophy: a case re-
port. Can Anaesth Soc J 1982; 29: 627―629

14）Brownell AKW, Paasuke RT, Elash A, et al: Malignant
hyperthermia in Duchenne muscular dystrophy. Anes-
thesiology 1983; 58: 180―182

15）Kelfer HM, Singer WD, Reynolds RN: Malignant hyper-
thermia in a child with Duchenne muscular dystrophy.
Pediatrics 1983; 71: 118―119

16）McKshinie JD, Muir JM, Girvan DP: Anaesthesia induced
rhabdomyolysis―a case report. Can Anaesth Soc J 1983;
30: 295―298

17）Sethna NF, Rockoff MA: Cardiac arrest following inhala-
tion induction of anaesthesia in a child with Duchenne’s
muscular dystrophy. Can Anaesth Soc J 1986; 33: 799―
802

18）Solares G, Herranz JL, Sanz MD : Suxamethonium-
induced cardiac arrest as an initial manifestation of
Duchenne muscular dystrophy. Brit J Anaesth 1986; 58:
576

19）Marks WA, Bodensteiner JB, Reitz RD: Cardiac arrest
during anesthetic induction in a child with Becker type
muscular dystrophy. J Child Neurol 1987; 2: 160―161

20）Sethna NF, Rockoff MA, Worthen HM, et al: Anesthesia-
related complications in children with Duchenne muscu-
lar dystrophy. Anesthesiology 1988; 68: 462―465

21）Umino M, Kurosa M, Masuda T, et al: Myoglobinuria and
elevated serum enzymes associated with partial glossec-
tomy under enflurane aneshtesia in a patient with muscu-
lar dystrophy. J Oral Maxillofac Surg 1989; 47: 71―75

22）Chalkiadis GA, Branch KG: Cardiac arrest after isoflu-
rane anaesthesia in a patient with Duchenne’s muscular
dystrophy. Anaesthesia 1990; 45: 22―25

23）Farrell PT: Anaesthesia-induced rhabdomyolysis causing
cardiac arrest: case report and review of anaesthsia and
the dystrophinopathies. Anaesth Intensive Care 1994; 22:
597―601

24）Ohkoshi N, Yoshizawa T, Mizusawa H, et al: Malignant
hyperthermia in a patient with Becker muscular dystro-
phy: dystrophin analysis and caffeine contracture study.
Neuromuscul Disord 1995; 5: 53―58

25）Obata R, Yasumi Y, Suzuki A, et al: Rhabdomyolysis in
association with Duchenne’s muscular dystrophy. Can J
Anaesth 1999; 46: 564―566



Malignant hyperthermia-like reactions in Duchenne or Becker muscular dystrophy: review and hypothesis 48：105

26）Kleopa KA, Rosenberg H, Heiman-Patterson T : Malig-
nant hyperthermia-like episode in Becker muscular dys-
trophy. Anesthesiology 2000; 93: 1535―1537

27）Schmidt GN, Burmeister MA, Lilje C, et al: Acute heart
failure during spinal surgery in a boy with Duchenne
muscular dystrophy. Brit J Anaesth 2003; 90: 800―804

28）Tokunaga C, Hiramatsu Y, Noma M, et al: Delayed onset
malignant hyperthermia after a closure of ventricular
septal defect. Kyoubu Geka 2005; 58: 201―205 (in Japa-
nese)

29）Endo M, Yagi S, Ishizuka T, et al: Changes in the Ca-
induced Ca release mechanism in the sarcoplasmic re-
ticulum of the muscle from a patient with malignant hy-
perthermia. Biomed Res 1983; 4: 83―92

30）Hayes JA, Ames WA: Acute heart failure during spinal
surgery in a boy with Duchenne muscular dystrophy
(Correspondence). Brit J Anaesth 2004; 92: 149

31）Zucchi R, Ronca-Testoni S: The sarcoplasmic reticulum
Ca2+ channel�ryanodine receptor: modulation by endo-
genous effectors, drugs and disease states. Pharmacol
Rev 1997; 49: 1―51

32）Ibarra CA, Wu S, Murayama K, et al: Malignant hyper-
thermia in Japan. Mutation screening of the entire ryano-

dine receptor type 1 gene coding region by direct se-
quencing. Anesthesiology 2006; 104: 1146―1154

33）Wu S, Ibarra CA, Malicdan MCV, et al: Central core dis-
ease is due to RYR1 mutations in more than 90% of pa-
tients. Brain 2006; 129: 1470―1480

34）Murayama T, Oba T, Kobayashi S, et al: Postulated role
of interdomain interactions within the type 1 ryanodine
receptor in the low gain Ca2+-induced Ca2＋ release activ-
ity of mammalian skeletal muscle sarcoplasmic reticulum.
Am J Physiol Cell Physiol 2005; 288: C1222―C1230

35）Zissimopoulos S, Lai FA: Redox regulation of the ryano-
dine receptor�calcium release channel. Biochem Soc
Trans 2006; 34: 919―921

36）Punkt K, Shering S, Fritzshe M, et al: Fibre-related nitric
oxide synthase (NOS) in Duchenne muscular dystrophy.
Acta Histochem 2007; 109: 228―236

37）Haycock JW, Mac Neil S, Mantle D: Differential protein
oxidation in Duchenne and Becker muscular dystrophy.
Neuroreport 1998; 13: 2201―2207

38）Takagi A: Effect of caffeine on tension development of
skeletal muscle of mdx mouse. Rhinsho Shinkeigaku 1999;
39: 311―315 (in Japanese)


