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Abstract

Introduction: Muscular dystrophies are a group of genetic

diseases characterized by the compromised synthesis or regen-

eration of the muscle contractile proteins. Although they belong

to the same group of diseases, they have different characteristics

in their clinical presentation and in their genetic origin. These

diseases are classified as orphan as they have a low incidence

among the general population, but represent a huge anesthetic

challenge, particularly among the pediatric population.

Objective: To describe the main clinical aspects of muscular

dystrophies, their etiology, anesthetic implications, and the major

complications thatmayoccurduring theperioperativemanagement.

Methodology: A review article is discussed based on a

systematic search of the literature to produce a descriptive

review. The main source of information is case reports obtained

from databases as PubMed, Google Scholar, and websites

specialized in rare diseases, to describe the main anesthetic

implications of muscular dystrophies.

Results: A total of 65 references were identified by the authors

in accordance with the relevance of the topic for the final review.

Conclusion: Muscular dystrophies are a heterogeneous group

of diseases that share a common etiology due to direct injury of
Miotonía Congénita, Anestesia

mainly cardiovascular complications due to malignant arrhyth-

mias, acute rhabdomyolysis triggered by drugs used in anesthe-

sia, and perioperative respiratory failure.

Resumen

Introducción: Las distrofias musculares son un grupo de

enfermedades genéticas que se caracterizan por compromiso

en la síntesis o regeneración de las proteínas contráctiles del

m�usculo. Aunque pertenecen al mismo grupo de enfermedades

tienen características muy diferentes en su presentación clínica y

en su origen genético. Estas enfermedades se clasifican como

huérfanas debido a que tienen una incidencia muy baja en la

población general, pero representan un enorme reto anestésico,

especialmente en la población pediátrica.

Objetivo: Describir los principales aspectos clínicos de las

distrofias musculares, su etiología, implicaciones anestésicas

y principales complicaciones que pueden ocurrir durante el

perioperatorio.

Metodología: Se presenta un articulo de revisión basado en

una b�usqueda sistemática de la literatura para una revisión

descriptiva, donde la principal fuente de información son los

reportes de caso obtenidos en las bases de datos de pubmed,
especializadas en enfermedades

ibir las principales implicaciones

fermedades.

ystrophies. Rev Colomb Anestesiol.

luwer. This is an open access article

.com

http://links.lww.com/RCA/A78
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:echeverrypiedad@gmail.com
http://dx.doi.org/10.1097/CJ9.0000000000000059


R
EV

IE
W

Resultados: Se obtuvo un total de 65 referencias bibliográficas

las cuales fueron seleccionadas por los autores de acuerdo con la

relevancia del tema para la revisión final.

Conclusión: Las distrofias musculares son un grupo hetero-

géneo de enfermedades que comparten una etiología com�un que

es la lesión directa en la fibra muscular con un compromiso

sistémico progresivo. Se diferencian en su presentación clínica,

origen genético y riesgos anestésicos que son principalmente

complicaciones cardiovasculares por arritmias malignas, rabdo-

miolisis aguda desencadenada por fármacos utilizados en la

anestesia y falla respiratoria perioperatoria.

Introduction

Muscular dystrophies are a set of more than 30 genetic
diseases characterized by a compromised synthesis or
regeneration of contractile proteins, which causes weak-
ness andprogressive degeneration of the skeletalmuscles.
Although they belong to the same group of diseases, they
have very different characteristics in their clinical presen-
tation and in their genetic origin. The incidence of these
diseases varies around 1 case per every 10,000 to 100,000
life births.1,2 Although these are very rare diseases, they
represent a huge anesthetic challenge, particularly among
the pediatric population.

The purpose of this review is to describe the major
clinical aspects of muscular dystrophies, the etiology,

the anesthetic implications, and the most relevant

complications that may arise over the perioperative
period.

Methodology

PubMed, Google academic, and the web page of orphan-
anesthesia databases were consulted, using the MeSH
terms for each disease and the term MeSH: anesthesia
(Table 1). The publications of the last 12 years in English or
Spanish available as full text and relevant for anesthetic
management were selected. The articles were chosen
based on the principal authors (P.E.M. and A.M.B.), in
accordance with the purpose of the review. The final
selection and classification of the articles is described in
Table 2 and Fig. 1. Due to the type of articles identified—
mostly reports and case series—the decision was made
not to make Grading of Recommendations Assessment,
Development and Evaluation (GRADE) analyses to classify
the evidence.

Muscular dystrophies description

Dystrophinopathies
This classification includes Becker muscular dystrophy and
Duchenne muscular dystrophy. They are the same disease in
terms of their genetic origin: the dystrophy gene; however,
they differ in terms of the dystrophin deficit which is
almost complete in Duchenne’s disease, but only partial in
Becker’s disease. This is why they have a very different
clinical presentation.

Duchenne’s disease is the most common and severe
muscular dystrophy; the mean age of diagnosis is 3 to
5 years for Duchenne’s dystrophy, whereas for Becker’s
dystrophy is adulthood.3 It presents mostly in males;
however, some women carriers of the gene may present
muscular or cardiac pathology.4–6

The clinical sign in Duchenne’s disease is severe
progressive muscular weakness that begins during child-
hood (approximately around 18 months of age), leading
to a definite loss of gait at around 10 years of age, due
to a pathological muscular reorganization with fatty
infiltration and increased fibrous tissue that replaces
the muscular tissue.3

The progressive course of Duchenne’s dystrophy com-
promises the cardiac and respiratory function due to the
involvement of the respiratory muscles. The overall
survival of these patients is 20 to 30 years, and they die
because of ventilatory failure in 90% of the cases and 10%
due to heart failure.5,7,8 After 30 years, over 90% of the
patients with Duchenne present cardiac involvement.5

The characteristic clinical findings are progressive weak-
ness of the lower extremities, pseudohypertrophy of the
gastrocnemious muscles (evident between 2 and 6 years
of age), high levels of creatinkinase, chronic pulmonary
disease featuring a restrictive pattern due to involvement
of the respiratory and laryngeal muscles. During adoles-
cence, there are signs of cardiomyopathy.5,8,9 These
patients need frequent surgical procedures such as
correction of neuromuscular scoliosis, orthopedic surger-
ies, muscular biopsies, and, in advanced stages, gastro-
stomies and tracheostomies.

Becker’s dystrophy is characterized by muscular weak-
ness of the lower extremities and the pelvis; its progres-
sion is slower than Duchenne’s dystrophy as the
dystrophin deficit is partial. Symptoms usually present
during adolescence and patients may develop dilated
cardiomyopathy at age 30 (never before 16 years old).9 The
survival is longer, between 30 and 60 years, and although
the patient experience less respiratory comorbidities,5,10

they present alterations in the electrocardiogram (EKG) in
up to 75% of the cases, with a higher risk of developing
heart failure.8,11

The muscle contracture test with caffeine–halothane
may be positive (sensitivity 95%–97% and specificity 80%–

90%) for malignant hyperthermia. Nevertheless, this test
yields abnormal contractures in patients with Becker and
Duchnne muscular dystrophy, with higher incidence of
false positives as the compromised myocytes are voltage

REV COLOMB ANESTESIOL. 2018;46(3):228-239
dependent.6 Up to date, there are no other diagnostic
methods to establish the genuine susceptibility of these
patients to malignant hyperthermia.
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Table 1. Search criteria for each disease

Result

Disease Search criteria Orphan anesthesia PubMed Google Scholar

Becker and Duchenne
muscular dystrophy

(Muscular Dystrophy, Duchenne[MeSH Terms]) OR
Cardiomyopathy, Dilated, X-Linked) OR Childhood
Pseudohypertrophic Muscular Dystrophy) OR Duchenne-
Type Progressive Muscular Dystrophy) OR Muscular
Dystrophy, Pseudohypertrophic Progressive, Duchenne Type)
OR Progressive Muscular Dystrophy, Duchenne Type) OR
Pseudohypertrophic Childhood Muscular Dystrophy) OR
Cardiomyopathy, Dilated, 3B) OR (Muscular Dystrophy,
Duchenne and Becker Types)) OR Muscular Dystrophy,
Pseudohypertrophic Progressive, Becker Type) OR Muscular
Dystrophy,
Becker Type) AND Anesthesia[MeSH Terms]

1 18 4

Steinert myotonic
dystrophy

(((((((((Myotonic Dystrophy[MeSH Terms]) OR Dystrophies,
Myotonic) OR Dystrophia Myotonica
1) OR Myotonia Atrophica) OR Steinert’s Disease) OR
Steinert Myotonic Dystrophy) OR Dystrophica, Myotonia)
OR Myotonic Dystrophy, Congenital) OR PROMM (Proximal
Myotonic Myopathy)) OR Myotonic Myopathy, Proximal)
AND
Anesthesia[MeSH Terms]

1 14 0

Ullrich muscular
dystrophy

(((((((Scleroatonic muscular dystrophy[MeSH Terms]) OR
Ullrich scleroatonic muscular dystrophy) OR Ullrich
congenital muscular dystrophy 1) OR Late onset scleroatonic
familial myopathy) OR Muscular Dystrophy, Scleroatonic)
OR Ullrich disease) OR Ullrich congenital muscular
dystrophy) AND Anesthesia[MeSH Terms]

1 6 3

Limb-girdle muscular
dystrophy

(((((Muscular Dystrophies, Limb-Girdle[MeSH Terms]) OR
Myopathic Limb-Girdle Syndrome) OR Myopathic Limb-
Girdle Syndrome) OR Limb-Girdle Syndrome) OR Limb-
Girdle Muscular Dystrophies) AND Anesthesia[MeSH
Terms]

1 6 0

Emery–Dreifus
dystrophy

((((((((((((((((Muscular Dystrophy, Emery- Dreifuss[MeSH
Terms]) OR Emery-Dreifuss Syndrome) OR Muscular
Dystrophy, Emery- Dreifuss Type) OR X-Linked Emery-
Dreifuss Muscular Dystrophy) OR Emery-Dreifuss
Muscular Dystrophy, 1) OR Scapuloperoneal
Syndrome, X Linked) OR X-Linked Scapuloperoneal
Syndrome) OR Muscular Dystrophy, Scapuloperoneal)
OR MYH7-Related Scapuloperoneal Myopathy) OR
Benign Scapuloperoneal Muscular Dystrophy with
Early Contractures) OR Autosomal Dominant Emery-
Dreifuss Muscular Dystrophy) OR Scapuloilioperoneal
Atrophy with Cardiopathy) OR (Muscular Dystrophy
With Early Contractures And Cardiomyopathy,
Autosomal Dominant)) OR Emery-Dreifuss Muscular
Dystrophy 2) OR Hauptmann Thannhauser Muscular
Dystrophy) OR Muscular Dystrophy, Emery-Dreifuss,
Autosomal Recessive) AND Anesthesia[MeSH Terms]

1 6 0

Merosin-deficient
congenital
muscular dystrophy

((((Muscular dystrophy congenital, merosin negative
[MeSH Terms]) OR Muscular Dystrophy, Congenital
Merosin-Deficient, 1A) OR Muscular Dystrophy,
Congenital Merosin-Deficient) OR Merosin-deficient
congenital muscular dystrophy)
AND Anesthesia[MeSH Terms]

1 2 0

PROMM=proximal myotonic myopathy.
Source: Authors.
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Table 2. Classification of the selected articles in accordance with the type of publication

Type of article

Disease CR CS SR RA Other Total

Becker and Duchenne muscular dystrophy 7 3 1 6 7 24

Steinert myotonic dystrophy 6 3 0 4 2 15

Ullrich congenital muscular dystrophy 4 3 0 2 1 10

Limb-girdle muscular dystrophy 3 0 0 1 2 6

Emery–Dreifus dystrophy 5 0 0 1 1 7

Merosin-deficient congenital muscular dystrophy 1 1 0 1 0 3

ns, editorials, letters to the editor or correspondence; RA=review article’ RS=
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Steinert myotonic dystrophy

This neuromuscular andmultisystemic disease is character-
ized by abnormal sodium and chloride channels, produces
distal, axial, pharyngeal, and respiratory muscle weakness
associatedwith cardiac arrhythmias, cardiomyopathy, diabe-
tes mellitus, thyroid dysfunction, and cognitive disorders.1

Steinert myotonic dystrophy is classified into 2 types:
muscular dystrophy type 1 (MD1) or classical muscular

CR=case report; CS=case series; Other=consensus, expert recommendatio
systematic review.
Source: Authors.
dystrophy (Steinert disease) of congenital nature due to
alteration of the transcription of the genes encoding for
chloride channels, insulin receptors, troponins, andN-methyl
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De Aspartate (NMDA) receptors. It has a widely variable onset
in life, with a very diverse presentation that may manifest
between 10 and 40 years of age1; and type 2 muscular
dystrophy(MD2)orproximalmyotonicmyopathy,thatusually
presents in adults andhas a lower anesthetic risk than type 1.
Cognitivedysfunction,cardiomyopathy,andsuddendeathare
more common in type 1 merosin-deficient.12–15

Myopathies associated with collagen type VI
Ullrich’s congenital muscular dystrophy and limb-girdle
muscular dystrophy belong in this group of pathologies.

Specialized Webpage ar�cles 
www.orphananesthesia.eu

6

Excluded because of language and 
unavailable text 467
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Ullrich’s disease is a severe neuromuscular disorder
caused by mutations in the genes encoding for collagen
VI, which is a fundamental glycoprotein of the extracellu-
lar matrix responsible for maintaining tissue integrity and
provides a structural network to support cells in all
tissues.16,17 It manifests since the neonatal period with
congenital hypotony, and many patients are unable to
walk, presenting proximal joint contractures, distal hyper-
laxity with rapidly progressing scoliosis and normal
intelligence, normal cardiac function, and normal or
slightly elevated levels of creatinkinases.17–19 The usual
survival extends to the second decade of life, and death
occurs because of respiratory failure.20–22 There is a more
benign form of the disease called Bethlem myopathy or
slowly progressive muscular dystrophy.

Limb-girdle muscular dystrophy

This is neuromuscular disease characterized by a malad-
justment between the rupture of the muscle fiber and its
repair. Its incidence is 1 case per 1500 life births. It
manifests as proximal muscle weakness involving the
pelvic girdle and the progressive scapular girdle, elevation
of the creatinkinase levels and has a widely variable onset
as it may present from infancy to adulthood.23,24 The
diagnosis is difficult to make as the age of onset and the
clinical presentation are very variable. The final diagnosis
is determined with electromyography, clinical suspicion,
muscle biopsy, immunohistochemistry, and genetics.
Based on its genetic origin, it is classified into limb-girdle
MD1 with autosomal dominant transmission and MD2
with autosomal recessive transmission. It is also classified
based on the proteins involved, such as myotilin, lamina
A/C, caveolin 3, calpain, dysferlin, sarcoglycans, inter
alia.24 Type 1 dystrophy exhibits cardiac manifestations
such as malignant arrhythmias that require the implan-
tation of cardiac defibrillators or pacemakers, and type 2,
in which 50% of the cases develop dilated cardiomyopa-
thy.25

Emery–Dreifus muscular dystrophy

Characterized by a genetic mutation affecting the produc-
tion of a 34-kDa protein in the A/C lamina, which is part of
the nuclear membrane.26–28 The condition presents with
joint contractures, particularly the Achilles tendon, the
elbow, and the spine; subsequently, there is neck and
lower back involvement, leading to spinal stiffness. In
addition, there are cardiac conduction alterations and
dilated cardiomyopathy, although the extent of the
cardiac lesions does not correlate with the extent of the
muscular lesion.29 Flexure contractures develop around 4
to 5 years of age and gait may be preserved assisted with

COLOMBIAN JOURNAL OF ANESTHESIOLOGY
braces.26,27,30,31 Life expectancy is approximately 46 years
and 12% of the patients die due to heart failure, whereas
46% present with sudden cardiac death.31
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Although it has been reported that the in vitro muscle
contracture test is negative for the risk of malignant
hyperthermia, there are some publications in favor of the
use of safe techniques such as total intravenous anesthe-
sia (TIVA).32 Difficulties for intubation and for regional
epidural and spinal anesthesia have been reported in
these patients.

Merosin-deficient congenital muscular dystrophy

Merosin-deficient congenital muscular dystrophy belongs
to the group of congenital muscular dystrophies and is the
result of a merosin protein defect. Merosin protein
surrounds the muscle fibers. The condition is character-
ized by progressive, severe muscle weakness with hypot-
ony since birth, multiple contractures, deglutition
disorders, scoliosis, severe restrictive lung disease, cardiac
involvement ranging from branch blocks to dilated
cardiomyopathy, in addition to elevated creatinki-
nase.2,33,34

The most salient clinical characteristics of muscular
dystrophies are described in Table 3.35–40

Anesthetic implications of muscular dystrophies

Pre-anesthetic evaluation

Patients with muscular dystrophy usually require ortho-
pedic surgeries early in life, scoliosis correction, muscle
biopsies, tendon release, or tendon transfers.3,41 In case of
dystrophies affecting the heart, such as Steinert myotonic
dystrophy, Emery–Dreifus, and limb-girdle, the patients
will require anesthesia for implanting cardio defibrillators
and pacemakers1,30,31,36,42 because of the high risk of
sudden death caused by ventricular fibrillation, ventricu-
lar tachycardia, or complete heart block26; in advanced
stages, patients require tracheostomies, gastrostomies,
and therapeutic or diagnostic procedures such as compu-
tarized tomography-scans and magnetic resonance im-
age.2

The recommendation is a comprehensive evaluation of
the patient’s functional condition, with emphasis on the
most affected organs based on the type of dystrophy. The
difficult airway criteria should be assessed as these are
frequently present in this type of patients, and any
pressure ulcers due to chronic positions should be ruled
out.

Table 4 describes the pre-surgical laboratory examina-
tions and complementary tests that should be ordered to
patients with muscular dystrophy undergoing surgery.
The most frequent recommended tests are creatinkinase
levels, Complete Blood Count (CBC) coagulation tests,
echocardiogram, EKG, and lung function tests.
The forced vital capacity (FVC) and the forced expiratory
volume in both supine decubitus and seating position
should be evaluated. If FVC is below 50% of the expected



Table 3. Clinical characteristics of muscular dystrophies

Disease Incidence and genetic origin Diagnosis Treatment

Dystrophinopathies:
Duchene and Becker
muscular dystrophy

1 in 3000, with a male prevalence
Mutation in the dystrophin gene
localized in chromosome Xp21
Up to 90% of the cases have a family
history
Duchenne’s muscular dystrophy is
the most frequent MD and currently
the most severe

Clinical suspicion. Very high
levels of creatinkinase,
muscle biopsy, and genetic
study

There is no curative treatment.
Steroids are used to reduce the
progression, supportive
management, wheel chairs, and
non-invasive ventilator support
at home
Patients require orthopedic
surgeries, neuromuscular
scoliosis correction, muscle
biopsies, tracheostomy,
gastrostomy

Diseases resulting
from trinucleotide
expansion: Steinert
myotonic dystrophy
or type 1
Type 3 muscular
dystrophy or
proximal myotonic
myopathy

Autosomal dominant inheritance
occurs because of repetition of CTG
amino acids in the DMPK gene of
chromosome 19q13 in type 1; or
because of repetitions of the CCTG
amino acids interfering with the
synthesis or splicing of the ZNF9
gene of chromosome 3q21 in DM
type 2
Affects both males and females
Type 1 is more severe

Clinical suspicion confirmed
with DNA analysis

Pacemaker or cardiac defibrillator.
Multisystem disease that affects
the heart, the endocrine system,
the muscle system, and cataracts.
Treatment is support and
symptoms relief

Collagen type IV-
associated
myopathies: Ulltrich
congenital muscular
dystrophy

Homozygous autosomal-recessive
inheritance and heterozygous
mutations of the COL6A1, COL6A2,
and COL6A3 genes encoding for the
alpha chains of collagen type VI in
chromosome 21q22.3 and
chromosome 2q37. Is one of rarer
dystrophies. The most benign
dystrophy known as Bethlem
myopathy

Clinical suspicion, normal
creatinkinase levels, or
mildly elevated, muscle
biopsy with
immunohistochemistry
showing the absence of
collagen VI, and it is
confirmed with a genetic
study

Support therapy to improve the
symptoms of the joint
contractures with physical
therapy, surgical release of joint
contractures, gastrostomy for
feeding, and non-invasive
ventilation support
Some cases receive cyclosporine
A with partial improvement l

Limb-girdle muscular
dystrophy

Incidence of 1 per 15,000 births.
Belongs to a heterogeneous group of
muscular dystrophy with a large
phenotypic variability. The anomaly
is found in chromosome 15 with 15
genes responsible for the disease
It has 2 types of inheritance:
Autosomal recessive (LGMD 2)
Autosomal dominant—(LGMD 1):
10% of the cases. Based on the
proteins involved, the disease can be
sub-classified: LGMD 1A h(myotilin)
to (LGMD2L) (anoctamin 5), etc.

Electromyography, muscle
biopsy,
immunohistochemistry,
and genetic testing

The treatment is supportive.
Muscle contractures shall be
prevented with physical therapy
and some times with surgery

Emery–Dreifus
dystrophy

Two types of inheritance variations:
Recessive linked to X: Gen STA in
chromosome Xq28, that encodes for
protein lamina A/C, and autosomal
dominant inheritance. Both types
mainly affect males and causes
defects in the proteins surrounding
the nucleus of the muscle cell

Immunohistochemistry of
the skin fibroblasts or of
the cells of the oral
mucosa is used

Betablockers, diuretics, vitamin
supplements for managing
cardiac symptoms
Require the implantation of
cardiac defibrillators and/or pace
makers

Merosin-deficient
congenital dystrophy

Autosomal recessive, due to mutation
in the laminine Alpha 2 gene in
chromosome 6q22–23, which results
in absence of the Alpha 2 chain of
laminin or merosin around the
muscle cells. This is the most
frequent congenital muscular
dystrophy; although it belongs to
the group of rare diseases, with an
incidence of 1 per 21,500 life births

Elevated cretainkinase (CPK)
levels, electromyography,
and the confirmation is
done with muscle biopsy

Support therapy. The prognosis is
poor, with a very short survival
during childhood

CBC=Complete Blood Count; CCTG=cytidine, cytidine, guanine, thymine; CPK=Creatin Phosphokinase; CTG=cytidine, thymine, guanine; DM=
dystrophy myotonic; DMPK=dystrophia myotonia protein kinase; LGMD=Limb-Girdle Muscular Dystrophy; STA=Emerin was identified as a small gene:
the STA gene in chromosome Xq28; VA=ventricular atrium; MD=merosin-deficient.
Source: Authors.
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Table 4. Laboratory examinations and complementary tests recommended for the pre-anesthetic evaluation of patients withmuscular
dystrophies programed for surgery

Type of muscular dystrophy

Lab tests required
based on the system
affected

Becker and
Duchenne

Steinert Ullrich Limb-girdle Emery–Dreifuss Merosin deffi-
ciency

Respiratory
Spirometry
Arterial gases
Chest X-ray

✓ ✓

Plus: poly-
somno-graphy

✓

Plus: poly-
somno-graphy

✓ ✓ ✓

Cardiac
Echocardiogram
Electrocardiogram

✓ ✓

Plus: electro-
physiological

study

✓ ✓

Plus: physiolo-
gical study

✓ ✓

Plus: physiologi-
cal study

Metabolic:
Basal CPK
Glycemia
Electrolytes

✓ ✓

Plus: thyroid
function

✓ ✓ ✓ ✓

Hematologic:
CBC
Coagulation tests
Crossed-testing if

✓ ✓ ✓ ✓ ✓ ✓
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level, the patient is at high risk of requiring postoperative
non-invasive ventilation.17,19,20,38,39 Occasionally, there
may be a need to do additional tests to assess the
diaphragmatic function; a dysfunctional diaphragmatic
function requires non-invasive mechanical ventilation

major surgery

Source: Authors.
e as

support before surgery.

The severity and high perioperative risk criteria ar
follows:
PEP: peak expiratory pressure, LVEF: left ventricular
ejection fraction.39

Due to the incidence of malignant arrhythmia and
sudden death in these patients, it is recommended to
conduct electrophysiological studies, in particular for
limb-girdle dystrophies, Steinert disease and Emery–
Dreifuss.12

Anesthetic management

The anesthetic management of patients with muscular
dystrophies is particularly difficult because of the risk of
rhabdomyolysis leading to hyperpotassemia and cardiac
arrest, malignant arrhythmias, increased muscle weak-
ness, airway management problems, and exacerbation of

the respiratory failure. It is important to stress that the
anesthetic risk depends on the type of surgery, the clinical
condition of the individual patient, and the progression of

234
the disease; the following recommendations are general
but sound clinical judgment should prevail for each
particular patient.

Completemonitoring of these patients will require EKG,
non-invasive blood pressure, capnography, pulse oxime-
try, temperature, diuresis, ventilation parameters, and
neuromuscular relaxation.

The administration of glucose solutions is recom-
mended to lower the risk of rhabdomyolysis and acute
hyperpotassemia43; extended fasting shall be avoided and
consideration of bronchoaspiration prophylaxis with H2
antagonists, metoclopramide, and sodium citrate shall be
considered.44–46

TIVA is beneficial for these patients.3 Propofol is the
most commonly used hypnotic for the induction and
maintenance of anesthesia in patients with Duchenne
muscular dystrophy.47 If the heart is affected, other
options may be used, including etomidate and thiopental
which have been successfully used in patients with
myotonic dystrophies.46 Volatile anesthetic agents are
not used in most case reports, as these may trigger
myotony and crisis of rhabdomyolysis; nitrous oxide is the
only inhaled agent used in around 34% to 78% of these
reports.3,48 However, the use of sevofluorane has been

reported for anesthetic induction in patients with muscu-
lar dystrophy with no associated complications. The
reported events of rhabdomyolysis associated with expo-
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sure to inhaled agents have 2 situations in common: first,
the onset of the adverse event presents in the recovery
area when patients are moved, and second, it is more
frequent in children less than 8 years old, in whom the
disease is less severe, but the muscular cell membrane is
more instable and vulnerable to the development of
rhabdomyolysis, even with normal muscular activi-
ty.45,48,49 For this reason, some authors conclude that
the evidence is not strong enough to associate inhaled
agents with adverse events such as rhabdomyolysis and
that association is multifactorial, but there are safer
anesthetic techniques.48,49 In myotonic dystrophy, halo-
genated agents are not contraindicated, but may increase
the muscular weakness.1,12,50 Based on the author’s
experience, the recommendation is to use inhaled induc-
tion to facilitate catheterization of an intravenous access
and immediately change to TIVA or regional anesthesia-
associated sedation. This strategy shortens the time of
exposure to anesthetics which theoretically lowers the
probability of muscular contractures and rhabdomyolysis.

Opioids such as remifentanil and fentanyl have proven
to be safe in these patients.1

Low-dose ketamine andmidazolam have been reported
as safe options for sedation-analgesia associated with
regional techniques (spinal or epidural) in these
patients.47,51,52 It should be highlighted that the onset of
action of non-depolarizingmuscle relaxants is faster, their
behavior is erratic, with longer duration and a high risk of
residual paralysis; hence, monitoring of the neuromuscu-
lar function is critical.9,53

The most frequently used non-depolarizing muscle
relaxant is rocuronium,47,48 which is able to neutralize its
pharmacological action using a specific reversal agent.
Although the use of sugamadex in patients with neuro-
muscular disorders has not been fully established and its
role in patients with dystrophies and dilated cardiomyop-
athy is not totally clear; sugamadex use has been reported
in patients with dystrophies and dilated cardiomyopa-
thy,10 at a dose of 4mg/kg (dose described for adults)
with 100% recovery of the neuromuscular function, and
minimal adverse cardiovascular events.54 In contrast,
neostigmine may trigger acute myotony, rhabdomyolysis,
malignant arrhythmias, and heart failure.10,54 The risk of
malignant hyperthermia is similar to that of the general
population.55

Regional caudal or epidural spinal anesthesia may be
reliably and successfully used in these patients, although
cases of myotonic contractures have been described in
incomplete neuraxial block, and technically, it can bemore
challenging because of the spinal abnormalities.3,42,55–58

Patients programed for major surgery should receive
anti-fibrinolytic therapy with tranexamic acid and blood-
sparing techniques, aswell aswarming strategieswith hot

fluids and electric blankets to prevent hypothermia that
may lead to myoclonic contractures and increased
bleeding.47,58 These patients require completemonitoring,
including non-invasive blood pressure monitoring, cap-
nography, cardioscope, pulse oximeter, airway pressure,
temperature, urinary catheter, central venous catheter,
and arterial line.3,59 It should be highlighted that fluid
therapy in these patients should be done with potassium-
free crystalloids, and there are no absolute contraindica-
tions to the use of colloids.60

Special warnings for the anesthetic management of patients
with muscular dystrophies

Patients with muscular dystrophy have an absolute
contraindication to receive depolarizing muscle relaxants
such as succinylcholine and care should be exercised
with the use of inhaled anesthetics that may trigger a
rhabdomyolysis crisis.8,47,55 The Food and Drug Adminis-
tration in 1992 issued an alert to avoid succinylcholine in
patients with a history of myopathies or unclear congeni-
tal hypotony. Inhaled anesthetics may be used with care
in children with dystrophies and the pre-surgical potassi-
um and creatine kinase levels must be monitored, in
addition to cardiac function.9

Postoperative management and perioperative complications

Patients with muscular dystrophies must have an anes-
thetic recovery in intensive monitoring units, particularly
in symptomatic patients following major abdominal
surgery or when the muscle dysfunction is severe.57 Good
analgesia is a must as it reduces any respiratory
complications. However, keep in mind that these patients
are more sensitive to the effects of opiates (systemic and
neuraxial) and therefore present a higher risk of respira-
tory depression, exacerbated gastrointestinal paresis, and
increased risk of reflux, aspiration, and ventilation
dysfunction. In case of respiratory depression following
reversal of the neuromuscular relaxation, consider defer-
ring the extubation 24 to 48hours, or consider the use of
non-invasive mechanical ventilation.55

Non-steroidal anti-inflammatory drugs should be used
with care as these may also trigger crises of rhabdomyol-
ysis.43 The use of intravenous or rectal paracetamol
has been reported,61,62 regional epidural anesthesia, and
ultrasound-guided plexus nerve block, as well as para-
vertebral blocks for thoracic procedures.61,63,64

Patients with muscular dystrophy have a high risk of
apnea and death following extubation, over the next 24
hours after surgery.55

In the initial stages of the disease with mild involve-
ment and preserved gait, sedation and analgesiawith low-
dose benzodiazepines and opioids may be used; however,
in patients in advanced stages and with compromised
respiratory function, the use of opioids and sedatives
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during the postoperative period should be avoided.3,45 If
required, use them with care and keep the patient under
strict surveillance in the intensive care unit.11,64
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Table 6. The most frequent perioperative complications in dystroph

Perioperative complications of pati

Type of

dystrophy

Cardiac Respiratory Risk

(pro
mia t
diac

Becker and

Duchene

Arrhythmias

Cardiac arrest

Postoperative

respiratory failure

Steinert Arrhythmias
Complete AV
block

Sudden death

Respiratory failure
which is the cause of
death in 40% of the

cases

Ullrich Respiratory failure and
more often if the
vital capacity is
<40%

Limb-girdle Complete AV
block
Atrial
fibrillation

Pacemaker
dysfunction

Emery–Dreifus Complete AV
block

Cardiac failure
Arrhythmias

Merosine
deficiency

Source: Authors.

Table 5. MIRS (muscular impairment rating scale) to classify
muscular involvement in muscular dystrophy65

Grade Description

1 No muscular involvement

2 Minimal signs:
Myotony, mandibular, and temporal weakness,
facial weakness, weakness of the flexor muscles of
the neck, lid ptosis, nasal voice, no distal
weakness, except for the digital flexor of the hand

3 Distal weakness:
No proximal weakness, except for the extensor of
the elbow

4 Mild-to-moderate proximal weakness

5 Severe proximal weakness

Source: Authors.
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For extubation, the recommendation is to do it with the
patient awake, and if non-depolarizing muscle relaxants
need to be used, complete reversal must be ensured to
avoid residual relaxation.4,10,44,64

Regardless of the anesthetic agent used, patients with
dystrophies have a high risk of complications including
respiratory failure, rhabdomyolysis, arrhythmias, cardiac
arrest, and reactions similar to malignant hyperthermia
that need acute symptomatic treatment, but fail to resolve
with dantrolene.44,46,55,63,64 Patients with dystrophies may
be classified based on the perioperative risk, in accordance
with MIRS (muscular impairment rating scale); the risk is
intermediate in grade MIRS 3, and very high in grades 4
and 5 (Table 5).65 The surgical risk also increases in major

surgery and in patients who were administered muscle
relaxant. Table 6 describes the most frequent periopera-
tive complications for each muscular dystrophy.

ies

ents with muscular dystrophies

of rhabdomyolysis

duces hyperkale-
hat results in car-
arrest and death)

Prolonged

awakening

Others

✓ Associated with

muscle relaxants

Hyperkalemia

✓

✓ ✓ Airway problems
Pressure ulcers or
nerve lesions

✓ ✓ Adrenal insufficiency
due to poor steroid
management in the
perioperative period

✓ ✓

✓ Difficult airway



Conflicts of interest

R
EV

IE
W

Limitations

Thepurposeof this article is todoa reviewof the anesthetic
implications in the most frequent dystrophies, based on a
systematic literature review. However, due to the quality of
the evidence—which is based on case reports, case series,
and subject reviews—the information is presented as a
descriptive review. Further studies areneeded to contribute
with a higher level of evidence, although probably this
may be difficult due to the low frequency of this type of
pathology, to show the safest anesthetic strategies in
patients with muscular dystrophies. Up to now, we just
have the shared experience of the authors and of the
institutions devoted to care for patients with rare diseases;
itmust behighlighted thatmost of the available studies are
case series in pediatric patients.

Conclusion

Muscular dystrophies are a group of congenital, heteroge-
neous diseases, with a different genetic origin and with
widely variable clinical manifestations. All of them have
significant anesthetic implications that represent a very
high perioperative risk for patients, and require accurate
knowledge to anticipate and provide specific management
in each case. The main complications of muscular dystro-
phiesareventilator failure,malignant cardiac arrhythmias,
hyperkalemia, rhabdomyolisis, cardiovascular instability,
and sudden death. Although these diseases are apparently
unrelated to malignant hyperthermia, they do share the
need to avoid the use of depolarizingmuscle relaxants and
prefer the use of intravenous anesthetic techniques or
regional anesthesia to reduce the risk of these complica-
tions, that could be associated with the use inhaled
anesthetics. A careful pre-surgical evaluation is recom-
mended to identify the general condition of each patient,
the surgical risk, and to adopt amultidisciplinary approach
that ensures the best perioperative care and reduces the
complications associated with the disease and the man-
agement of anesthesia. It is mandatory to assess the risk/
benefit of any surgical and anesthetic procedure in patients
with muscular dystrophy, before an intervention.
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