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Summary. With numerous neuromuscular disorders the use of volatile anesthetics or

depolarizing muscle relaxants is associated with complications mimicking an episode
of malignant hyperthermia (MH). These events may resemble the early symptoms of
MH to a degree that MH-specific treatment is initiated before the real signs of MH
occur. Yet, most of these complications are clinically and pathogenetically different
from a true MH crisis. True MH crises are seen (a) in MH-susceptible individuals, (b)
in patients with central core disease, and probably (c) in patients with KingDenborough syndrome. Crises similar but clinically and pathogenetically different
from MH include: (a) the myotonic reaction which, in contrast to MH, can be induced
or aggravated by depolarizing relaxants in the absence of volatile anesthetics, as seen
for instance in myotonia congenita, hyperkalemic periodic paralysis, paramyotonia
congenita, myotonia fluctuans and permanens, and in myotonic dystrophy; (b)
rhabdomyolysis induced by suxamethonium and followed by elevation of extracellular potassium in hypokalemic periodic paralysis; and (c) myolysis of skeletal
cardiac muscle induced by suxamethonium and perhaps volatile anesthetics in
Duchenne and Becker muscular dystrophy. This report suggests that different anesthetics and therapeutical drugs should be employed in patients with these
myopathies.

Introduction
Anesthesia-related complications similar to malignant hyperthermia (MH) have been
reported for patients with numerous neuromuscular disorders such as central core
disease (CCD) and King-Denborough syndrome (KDS), myotonias and periodic paralyses, and Duchenne and Becker muscular dystrophies [1]. Therefore, patients
having one of these diseases have been generally considered at high risk for MH.
However, the pathophysiology of these disorders is different from that of MH and also
the anesthesia-related muscle fiber alterations are different. In particular is it incorrect to consider these patients and their family members as having the genetic trait for
MH. The following groupings are the consequence of clinical findings, in vitro contracture test results, and recent developments of molecular genetics (Table 1).
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TABLE 1. Anesthesia-related complications in neuromuscular diseases.
Reaction and disease
"True" malignant hyperthermia
MHSI
MHS2
MHS3
MHS4
Central core disease (CCD)
CC in cardiomyopathy patients??
King-Denborough syndrome
Myotonic reaction
Muscle Na+ channel diseases
Muscle CI- channel diseases
Dystrophic muscle hypersensitivity
Myotonic dystrophy
Muscular dystrophy (DMD, BMD)

Location

Gene

IVCT

19q12-13.2
17q13?
7ql1.23-21.1
3q13.1
19q12-13.2
14ql

RYRI

+
+
+
+
+

17q13.1-3
7q35
19q13
Xp21.2

CACNL2A
RYRI
MYH7

+

SCN4A
CIC-l

-(+)
-(+)

DM
Duchenne

-(+)
-(+)

MHS, malignant hyperthermia susceptibility types; CC, central cores; DMD, Duchenne muscular
dystrophy; BMD, Becker muscular dystrophy; IVCT, in vitro contracture test.

"True" MH Events in Neuromuscular Disorders
Central Core Disease
In this disease, skeletal muscle hypermetabolism induced by volatile anesthetics and
depolarizing relaxants can be life threatening [2-4]. CCD is a rare, dominantly inherited, congenital myopathy with high clinical variability. Most CCD patients suffer
from proximal weakness with improvement rather than progression in adulthood.
Usually they have difficulties in rising from the sitting position and in climbing
stairs. A minority of the patients are severely affected, e.g., never learn to walk.
Some family members may not reveal any clinical symptoms or signs although
the characteristic histologic features such as the degenerations known as central cores
can be found in the subclinical state. Such cores, consisting of damaged myofibrils
and lacking mitochondria, may be abundant in all type-l fibers of all skeletal muscles.
For all patients with clinical or subclinical CCD the in vitro contracture test was
positive.
Following genetic data on MH [5,6], CCD was linked to RYRI or to the corresponding region on chromosome 19q [7-10], and several point mutations within RYRI were
discovered [11,12]. The substitutions (Arg-163-Cys; Ile-403-Met; Arg-2434-His) can
lead to subclinical or clinical CCD in addition to MH susceptibility, and in some MHsusceptible family members even central cores can be absent [13]. Unexpectedly,
central cores were also detected in muscle biopsies from family members of patients
having hypertrophic cardiomyopathy caused by mutations in the ventricular heavychain
The corresponding gene, MYH7, is located on chromosome 14q [14].
Central cores are not specific for CCD, and the association with MH susceptibility has
not yet been clarified. Nevertheless, CCD could be heterogeneous both for genetics
and for MH susceptibility [9,15-18].
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King-Oenborough Syndrome
Skeletal muscle hypermetabolism may also be life threatening in KDS. Typical MH
crises and even anesthesia-related death have been reported [19-21). The rare congenital progressive myopathy is characterized by short stature, scoliosis, pectus deformity, ptosis, low-set ears, anti-Mongolian slanted eyes, and cryptorchism [19,20)
and thus resembles the more frequent Noonan syndrome. All KDS patients who have
been subjected to the in vitro contracture test were MH susceptible [21). Unfortunately, linkage data are lacking.

Anesthetic Complications Due to Aggravated
Myotonic Reactions
Myotonic disorders are sometimes connected with the risk of anesthesia-related
events, but they are not, normally susceptible to MH. Deaths due to muscle
hypermetabolism have not been reported.

Nondystrophic Myotonias and Periodic Paralyses
These groups can be divided into the dominantly inherited muscle sodium channel
disorders (hyperkalemic periodic paralysis, paramyotonia congenita, myotonia
fluctuans and permanens) and the muscle chloride channelopathies (autosomal
dominant and recessive myotonia congenita) [22).
Muscle Sodium Channel Diseases

The clinical variability within this group of diseases is considerable. Some patients
having the mildest forin, i.e., myotonia fluctuans, may not be aware of their skeletal
muscle dysfunction, although a severe myotonic reaction can be induced by depolarizing agents such as potassium or suxamethonium [23,24). In general, patients with
sodium channel myotonia or hyperkalemic periodic paralysis are predisposed to
anesthesia-related events [25). Typically, the complication is characterized by a
suxamethonium-induced masseter spasm or generalized muscle spasms. Muscle stiffness may impede intubation and mechanical ventilation causing severe hypoxia.
Hyperthermia, but no rapid increase in body temperature, may occur. For anesthesia
performed without administration of suxamethonium, complications have so far not
been reported. In vitro contracture tests performed according to the European protocol yielded equivocal or negative results [23,26) whereas tests performed according to
the North American protocol were positive in some patients [24,25).
The defective gene, SCN4A, encodes the a subunit of the adult skeletal muscle
sodium channel and is located on chromosome 17 q 13.1-13.3. Sixteen point mutations
have been detected in SCN4A, causing either hyperkalemic periodic paralysis,
paramyotonia congenita, myotonia fluctuans, or myotonia permanens [22). Based on
linkage data revealing rather low LOD scores in each of several North American MH
families, SCN4A was suggested as a candidate gene for MH susceptibility (MHS) [27).
A role for SCN4A in MH susceptibility has not been confirmed and the data are in
disagreement with the fact that, for all European families that were not linked to
RYR1, linkage with chromosome 17q13 was also excluded [28).
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In contrast to MHS, the diagnosis of myotonia or periodic paralysis can be made
using noninvasive techniques, i.e., clinical examination, electromyography, and molecular genetics. Clinical signs are slowed muscle relaxation, percussion myotonia,
and electrical myotonia. The latter may also be present in the subclinical state. In
contrast to the long-lasting contractures of MHS muscle bundles, myotonic muscle
fibers reveal only transient elevations of the force base line when exposed to caffeine
or halothane [26]. Also in contrast to typical MH responses, myotonic muscle fibers
can undergo a contracture after exposure to a single does of suxamethonium. Such
responses have not been observed in muscle bundles obtained from typical MHS
patients [29].
Muscle Chloride Channel Diseases: Myotonia Congenita

Both the autosomal dominant and recessive forms of myotonia congenita (Thomsenand Becker-type, respectively) are linked to the same gene coding for the chloride
channel of adult human muscle [30]. Eighteen mutations in this gene have been
shown to cause myotonia congenita [22]. The reason for the myotonic overexcitability
of the surface membrane is a reduced chloride conductance of the muscle fiber
membrane due to loss-of-function or change-of-function mutations in the channel
protein.
This myotonia is also intensified by all depolarizing relaxants and anesthetics that
act either directly on the sarcolemma or via the endplate [31]. In vitro, contractions
could be induced by a single dose of suxamethonium [26].
Voltage-Gated Calcium Channel Disease of Muscle

Anesthesia-related complications similar to MH have also been reported for
hypokalemic periodic paralysis (HypoPP) [32].
[33], a
A systematic genome analysis linked HypoPP to chromosome
region containing the gene encoding that al subunit of the L-type calcium channel of
skeletal muscle. This subunit is part of the voltage-gated dihydropyridine (DHP)
receptor/calcium channel complex that is located in the transverse tubular system and
is involved in voltage-dependent calcium release from the sarcoplasmic reticulum.
Point mutations have been detected in two S4 regions believed to act as voltage
sensors [34,35]. The mutations enhance inactivation of the L-type calcium current
[36] and might reduce calcium release by inactivating sodium channels as well as by
a direct effect on its voltage control.
Several in vitro contracture tests revealed equivocal results with a predominance of
pathological halothane contractures [26].

Myotonic Dystrophy
Myotonic dystrophy, the most common muscle disease in adulthood, is a progressive
muscular dystrophy and a multisystemic disorder. Although life-threatening
hyperthermias have not been reported (in contrast to myotonic reactions and barbiturate-induced apneas), the occurrence of positive or equivocal in vitro contracture
test results could more seriously raise the question whether these patients possess the
genetic trait for MH [26]. However, the dystrophia myotonica (DM) gene has been
mapped to chromosome 19q and the distance to RYRI is in the order of25cM which
makes genetic linkage of the two conditions very unlikely [37].
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In addition to events due to suxamethonium-induced myotonic reactions,
anesthesia-related problems may arise from the fact that some muscle groups are
dystrophic, as discussed in the following section.

Anesthetic Complications Due to Suxamethonium-Induced
Myolysis
Duchenne or Becker Muscle Dystrophy
Three adverse events can occur during general anesthesia in patients with clinical or
subclinical Duchenne (DMD) or Becker (BMD) muscular dystrophy: (1) episodes that
are clinically similar to MH, with acidosis, elevated temperature, muscle rigidity, and
hyperkalemia; (2) acute rhabdomyolysis; and (3) sudden and unexpected cardiac
arrest due to the heart muscle being hypersensitive to suxamethonium, with difficult
resuscitation [38,39].
In general, the resting myoplasmic calcium concentration is elevated in progressive
muscular dystrophies such as DMD and BMD [40], probably by an abnormally high
influx of calcium from the extracellular space into the myoplasm due to a genetically
determined defect in the cytoskeleton of the surface membrane [41]. In contrast to
MH, CCD, and KDS, muscle biopsies ofDMD patients gave MH-negative results [38].

Conclusion
The past few years have brought a veritable explosion in our knowledge of the molecular basis of muscular disorders. Not only has information as to the specific genetic
defects been plentiful, but also new insights into the pathomechanism have been
gained. Such information has importance for the anesthesiologist because anesthetic
complications are commonly associated with patients known to be suffering from
muscular disorders or those in the preclinical stages. Knowledge of the pathogenesis
of these diseases and the inherent anesthesia-related complications demand further
differentiation from malignant hyperthermia regarding safe anesthesia for patients
with muscular diseases and the appropriate therapy in case of complications [42].
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