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ABSTRACT
Neuromuscular diseases can have a tremendous impact on
pregnant women and affect offspring. Healthcare providers
need to have a firm understanding of the genetics involved
as well as the potential complications that can arise when
treating pregnant women who have been diagnosed with a
neuromuscular disease or have an increased risk for deliv-
ering an infant affected by one of these disorders. This arti-
cle provides a comprehensive synopsis of genetics, includ-
ing the strategies for obtaining a detailed patient and family
genetic history through construction of a pedigree, as well
as imparting some key knowledge for providing appropriate
counseling and treatment to affected individuals and fam-
ilies. It addresses the genetic testing, diagnosis, impact,
and medical considerations for both patients and offspring
affected by myotonic dystrophy, Duchenne and Becker
muscular dystrophies, limb-girdle muscular dystrophy,
Charcot-Marie-Tooth disease, and spinal muscular atrophy.
Key Words: genetics, neuromuscular disease, obstetric
complications, pregnancy

T
here are several genetic neuromuscular diseases
that can impact pregnant women. The purpose
of this article is to ensure proper medical care

and management for pregnant women with neuromus-
cular diseases by understanding the underlying genet-
ics and implications of these conditions. Nurses and
other healthcare professionals need to be knowledge-
able in genetics to deliver safe and effective care for
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women undergoing genetic diagnosis, genetic testing,
and treatment. Management entails providing educa-
tion, support, counseling, and appropriate referrals.1

GENETIC VERSUS INHERITED
When discussing genetic diseases, it is important to
examine the definitions and concepts of common ge-
netic terms. Each individual has approximately 20 000
to 25 000 genes contained in 23 pairs of chromosomes.2

Chromosome pairs 1 through 22 are found in males and
females and are called “autosomes.” The 23rd pair, the
sex chromosomes, consists of 2 Xs in females and 1 X
and 1 Y in males.1 Only 1 copy of each chromosome
is contained in egg cells or sperm cells; therefore, each
individual receives 1 copy of DNA from the mother and
1 copy of DNA from the father. Each copy of a gene is
called an “allele.” If the allele passed from one parent
is the same as the allele from the other parent, the indi-
vidual is homozygous. If the alleles are different, then
the individual is heterozygous.3

“Inherited” is a term that refers to genes that are
passed from one generation to the next. Mutations can
be either inherited or de novo (new); therefore, genetic
diseases are all caused by mutations in genes that lead
to improper cell function, but not all genetic diseases
are inherited. An example of this is Duchenne muscular
dystrophy (DMD). Only two-thirds of cases of DMD are
inherited; the remaining cases are caused by de novo
mutations.3

FAMILY HISTORY
Reviewing a family history is a key step in identifying
genetic conditions affecting an individual or family.4

Using standard pedigree terminology and constructing
a 3-generation pedigree allow providers to build rap-
port with patients while obtaining information that can
be used to help meet the individual’s needs.5 The most
common pedigree symbols are shown in Figure 1. Males
are designated by squares and are typically placed to
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Figure 1. Standard pedigree symbols.

the left of a female partner. Females are designated
by circles, and a horizontal line between the square
and the circle represents a relationship line. From the
relationship line, a vertical line is used to show the
next generation.6 These symbols are used to construct
a pedigree that can be used to make a medical diagno-
sis, establish patterns of inheritance, calculate risks, and
aid in making decisions regarding medical management
and testing.6 Constructing a pedigree can be complex
and time-consuming. When time is limited, it may be
appropriate to have the patient complete a family his-
tory intake form such as the one shown in Figure 2.6

Using a family history and pedigree is necessary for
each patient because it can help identify a typical in-
heritance pattern of an inherited condition, thus allow-
ing one to make a diagnosis and identify other family
members who may be at risk.3 Following the healthcare
provider’s discovery of a neuromuscular condition in
the family, it is critical to ask follow-up questions to help
clarify the diagnosis and ensure that appropriate genetic
testing is being ordered.7 Asking individuals about what
testing has already been performed and whether a spe-

cific diagnosis has been confirmed in another family
member can be helpful.6 Nurses need to ask the person
to describe the condition (problems with muscle weak-
ness, physical movement, or intellectual disability), in-
quire about age of onset, and make inquiries about al-
cohol or drug abuse or other medical problems.6 Nurses
and other healthcare providers can use this information
to determine possible pregnancy complications, create
a healthcare plan, and help make appropriate referrals
for further specialty evaluations, such as genetics or
neurology. When a personal or family history is elicited
in the primary care setting, a referral for preconception
counseling may also be warranted.

INHERITANCE PATTERNS
When trying to determine whether a disease is inher-
ited, understanding the ways by which genetic condi-
tions are transmitted is fundamental. Inherited genetic
diseases are typically classified in 1 of 3 main cate-
gories: single-gene disorders, chromosome abnormali-
ties, or multifactorial disorders.3 Single-gene disorders
involve a gene mutation in 1 or both alleles that causes
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Figure 2. Family history intake form for neuromuscular disease.

a critical error in the function of a specific gene, which
can lead to disease. These disorders can be inherited
in patterns that follow the rules described by Mendel
and are traditionally called autosomal dominant (AD),
autosomal recessive (AR), X-linked recessive (XLR), or
X-linked dominant.6

Autosomal dominant conditions are caused by a mu-
tation in 1 allele of a single gene on an autosome. The
pedigree shown in Figure 3 represents common find-
ings in a family with an AD condition. Autosomal dom-
inant conditions affect males and females equally and
are seen in each generation. There is a 50% chance
with each conception that a parent with a dominant
condition could pass on the mutation.1 Another clue of

Figure 3. Example of a family history with an autosomal
dominant condition. Affected = dark; unaffected = light.
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AD inheritance is male-to-male transmission. Since only
males pass a Y chromosome on to sons, X-linked in-
heritance can be ruled out by transmission of a disease
from father to son.3 Sometimes an individual acquires
a de novo mutation that can result in an AD condition
although there is no family history of the condition. In
the case of a de novo mutation, the affected person’s
siblings would not be at an increased risk for the dis-
ease but the affected person would have a 50% risk of
passing on the mutation to offspring.6 Examples of AD
neuromuscular conditions include myotonic dystrophy,
limb-girdle muscular dystrophy (LGMD), and Charcot-
Marie-Tooth disease (CMT).

Autosomal recessive conditions are caused by mu-
tations in both alleles of a gene on an autosome pair.
Figure 4 shows a pedigree that represents common find-
ings in a family with an AR condition. Autosomal reces-
sive conditions affect males and females equally and
are typically seen only in 1 generation. Typically, sib-
lings can be affected, but parents, offspring, and other
family members do not have the condition. Parents of
an affected individual are obligate carriers for a mu-
tation but are typically asymptomatic. There is a 25%
chance for each sibling to inherit the disease and all of
the offspring of an affected individual will be carriers.
The disease can also be transmitted if an affected indi-
vidual has a child with an unaffected partner who is a
carrier for the condition. Some types of CMT and spinal
muscular atrophy (SMA) are AR.

A third common inheritance pattern evident in fam-
ily histories is X-linked inheritance. Most of the condi-
tions that are X-linked are recessive (XLR), but X-linked

Figure 4. Example of a family history with an autosomal
recessive condition. Affected = dark; unaffected = light,
carrier = striped.

dominant conditions are possible. X-linked refers to a
condition that is caused by a gene mutation on the X
chromosome.3 X-linked recessive conditions typically
affect males but not females since females have 2 X
chromosomes. All the daughters of an affected male
will be carriers, but transmission of the disease cannot
occur between father and son.3 Females who carry the
mutation have a 50% chance of passing it on. There-
fore, sons would have a 50% chance of being affected
and daughters would have a 50% chance of being a
carrier. Figure 5 shows a pedigree that represents com-
mon findings in a family history of an XLR condition.
Examples of XLR conditions include DMD and Becker
muscular dystrophy (BMD).

GENETIC TESTING AND IMPLICATIONS
In the past, most diagnoses of genetic diseases were
based on clinical findings and meeting specific criteria.
Recently, molecular testing has become more widely
available for hundreds of genetic diseases. Genetic test-
ing can be very confusing. Some people think that a
genetic test is a chromosome test, whereas others as-
sume that a genetic test is a direct analysis of DNA.
However, genetic tests can include chromosome anal-
ysis, molecular DNA sequencing, enzyme analysis, and
more. Many individuals think that when genetic testing
is performed, the test is for all genetic diseases.6 Nurses
and other healthcare providers need to discuss testing in
detail with patients including education regarding how
specific tests are performed, the benefits and limitations
of each test, and the concept of residual risk.

Genetic testing serves many different purposes. Be-
sides making a diagnosis for an individual, genetic test-
ing can be used to predict the risk for the offspring
to inherit a specific condition.1 Prenatal diagnosis or

Figure 5. Example of a family history with an X-linked
recessive condition. Affected = dark; unaffected = light;
carrier = striped.
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preimplantation genetic diagnosis may be considered
if a parent has had molecular testing in which a gene
mutation has been identified.7 For individuals with a ge-
netic disease, or a family history of a specific genetic dis-
ease, availability of testing for preimplantation genetic
diagnosis or prenatal diagnosis may be of great con-
sequence in family planning decisions. Some couples
may desire prenatal testing to make decisions about
termination of an affected pregnancy. Other couples
may want to pursue prenatal genetic testing to have
additional time during the course of pregnancy to pre-
pare for having a child with special needs. This enables
parents to research more about the condition prior to
the infant’s arrival and allows time to better prepare
siblings and other family members for the birth of an
affected child. In addition, prenatal diagnosis may alter
the delivery plan for the pregnancy, such as the mode
of delivery and/or the location of delivery to ensure the
proper neonatal care following delivery.1

SPECIFIC NEUROMUSCULAR DISEASES
Neuromuscular disorders lead to several dilemmas
and concerns for affected women of childbearing age
and the healthcare providers who provide treatment.
In addition to the hereditary risks of the underlying
genetic diseases, there are concerns such as decreased
fertility, worsening of maternal symptoms during
pregnancy, and an increased likelihood of miscarriage,
preterm labor, and need for delivery intervention, such
as forceps- or vacuum-assisted vaginal delivery or ce-
sarean delivery.8,9 Hereditary neuromuscular disorders
can become more symptomatic for women during
pregnancy, may require use of medications during preg-
nancy that increase risk for birth defects and pregnancy
complications, and call for specialized medical and
pregnancy management, such as antepartum anesthesia
consultation, to determine whether a patient’s deliv-
ery location requires anesthesia services on a 24-hour
basis.10,11 Despite the various potential issues surround-
ing pregnant women with neuromuscular disorders,
serious complications are rare during pregnancy.10

Although women with neuromuscular disorders who
become pregnant can experience long-lasting, negative
effects on their disease states, many achieve successful
pregnancies without major complications.9

Myotonic dystrophy

Myotonic dystrophy is the most common inherited mus-
cular dystrophy that affects adults, including women of
childbearing age.10 It is estimated that about 1 in 8000
adults have myotonic dystrophy, an AD condition that
is characterized by myotonia, muscular dysfunction (in-

cluding weakness, pain, and stiffness), cataracts, car-
diac conduction defects, type 2 diabetes, and testicular
failure.12,13 Myotonic dystrophy is divided into 2 types as
they are caused by 2 different gene mutations. The pro-
portion of individuals with type 1 versus those with type
2 is unknown.12 Both types are caused when a specific
sequence of 3 nucleotides is repeated a number of times
(called a trinucleotide or triplet repeat), which expands
to an increased number of repeats over a certain thresh-
old, leading to adverse effects of gene function resulting
in disease. However, type 1 is associated with antici-
pation, which is generally seen when the condition is
inherited from the mother.13 Anticipation refers to the
trinucleotide repeat expanding when it is passed from
one generation to the next, which causes the symptoms
of disease to become more severe and to appear at an
earlier age.9 Individuals with myotonic dystrophy in-
herit the condition from an affected parent since the de
novo mutation rate is close to zero for this condition.
Parents may be undiagnosed because they have a mild
form or because they have been misdiagnosed with fi-
bromyalgia, rheumatoid arthritis, inflammatory myopa-
thy, or an atypical motor neuron disease.12

Myotonic dystrophy type 1 is typically divided into
3 subtypes that include mild (late-adult onset), classic,
or congenital.10 The subtypes of myotonic dystrophy
type 1 are based on age of onset but are also typically
related to the size of the triplet expansion. Individuals
with mild type 1 typically have 50 to 150 repeats and
start to show symptoms between 20 and 70 years of age.
Those with classic type 1 have between 100 and 1000
repeats and begin showing symptoms between 10 and
30 years of age. Congenital myotonic dystrophy type 1
is usually present at birth and is related to an expan-
sion of greater than 2000 repeats. It is characterized by
severe hypotonia and generalized weakness at birth.13

The congenital form of myotonic dystrophy is virtu-
ally always caused by anticipation in the gene inherited
from the mother.14 A female who is asymptomatic or has
minimal disease has less than a 5% chance of having
an infant with the congenital form. If she has moderate
disease symptoms prior to pregnancy, the risk of hav-
ing a congenitally affected infant is 10% to 30%, and if
she has delivered an infant from a previous pregnancy
that was born congenitally affected, the recurrence risk
is 40%.4 Congenital myotonic dystrophy results in either
neonatal death from respiratory insufficiency or severe
childhood disease that is associated with severe physi-
cal handicaps and intellectual disability in 50% to 60%
of survivors.4,13 The congenital form is often associated
with abnormal ultrasound findings that include clubfeet
and polyhydramnios.15

Women who have been diagnosed with type 1
have an increased risk for an ectopic pregnancy, late
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spontaneous abortion, preterm labor, preeclampsia,
polyhydramnios, a prolonged labor with increased rate
of cesarean delivery, placenta previa, and postpartum
hemorrhage.8 In women with myotonic dystrophy type
1 and clinical signs of the disease at pregnancy on-
set, the preterm delivery rate can be as high as 50%.
The rate of perinatal loss is almost 10 times higher
in women diagnosed with myotonic dystrophy type 1
than in women in the general population.14 This in-
creased risk for pregnancy complications and perinatal
loss seems to be at least partially related to the fetal
status.8 Affected fetuses tend to swallow less and have
reduced fetal movement, which is associated with the
development of polyhydramnios and preterm labor.8

Neonates with myotonic dystrophy type 1 can have
respiratory problems following birth, leading to an in-
creased mortality rate.15

There are many important considerations when pro-
viding care for women with type 1 during the peri-
natal period. These women frequently experience is-
sues during all stages of labor because of the uterine
muscle abnormality associated with the condition.8,10

For those who require tocolytic therapy for threatened
preterm labor, the use of β-adrenergic antagonists is
contraindicated secondary to that class’s propensity for
worsening myotonia.10 With its neuromuscular block-
ing action, magnesium sulfate infusion must be avoided
to prevent worsening muscle weakness and respiratory
compromise.8 Caregivers must also be aware that gen-
eral anesthesia and narcotics need to be avoided if at
all possible. If necessary, these women will certainly
require lower doses of narcotics during the delivery
process to reduce the risk of respiratory suppression.
A greater potential for anesthesia complications, such
as prolonged ventilation, atelectasis, and pneumonia,
exists throughout the perinatal period.10,13 Increased
respiratory monitoring and encouragement of incentive
spirometry use are vital during the postnatal period.
These women are also at risk for worsening cardiac
function due to conduction defects and arrhythmias.13

Hence, anesthesia consultation prior to delivery can
help ensure proper management during and following
delivery.

Myotonic dystrophy type 2 has not been associated
with developmental abnormalities or severe disease in
childhood. Unlike type 1, there is not a congenital form
of type 2. Consequently, pregnancy and delivery com-
plications related to the fetus have not been reported in
women with type 2. However, like type 1, preterm labor
can represent a potential concern, with a significantly
higher preterm delivery rate for pregnancies in patients
who are symptomatic. These women possess an in-
creased risk of early pregnancy loss as well.16 Pregnancy
can pose other adverse effects on women affected by

type 2. An unexplained shift toward an earlier age of
symptom onset in women exists for those who have
given birth. If symptoms begin prior to pregnancy and
deteriorate during pregnancy, or if the first symptoms
of myotonic dystrophy occur during pregnancy, there
is usually improvement after delivery, but symptoms
reoccur in subsequent pregnancies.

In addition to increased surveillance during preg-
nancy for the potential obstetric complications already
discussed, a referral for consultation with a cardiolo-
gist is appropriate for women with myotonic dystro-
phy. Both types of myotonic dystrophy are associated
with cardiac conduction defects and arrhythmias and
also have been associated with an increased risk for
cardiomyopathy and sudden death.13

Duchenne muscular dystrophy/Becker

muscular dystrophy

Probably the most well-recognized muscular dystro-
phies are the XLR dystrophinopathies called “Duchenne
muscular dystrophy” and BMD. These conditions are
suspected when males have a gradual onset of prox-
imal weakness in childhood.7 Although these condi-
tions are caused by changes in the same gene, they are
still considered separate conditions because the clini-
cal manifestations and age of onset differ. Duchenne
muscular dystrophy occurs in approximately 1 in 3500
live male births, whereas BMD occurs less frequently
in about 1 in 18,500 male births.17 The gene involved
in these conditions is responsible for producing a pro-
tein called “dystrophin,” which is absent in DMD and
is reduced or has an altered structure in BMD.4 These
dystrophinopathies can be diagnosed by DNA testing,
but a negative test result does not exclude the diagno-
sis. Muscle biopsy can be used for diagnosis in a case
in which the DNA test is negative.18

Duchenne muscular dystrophy is characterized by
normal development during the first year or two of
life, with the development of muscle weakness start-
ing between 3 and 5 years of age. Affected males
usually begin to have difficulty climbing stairs and ris-
ing from a sitting position without additional support.
The progression of the disease is relentless and the af-
fected male is usually confined to a wheelchair by the
age of 12 years. An affected individual is unlikely to
survive much past the age of 20 years. Most patients
with DMD die of respiratory failure or of cardiac fail-
ure because of the progressive deterioration of the my-
ocardial muscle.3 Through molecular testing and mus-
cle biopsy, it has been determined that about one-third
of cases of DMD are due to de novo mutations and
two-thirds of cases are from carrier mothers. The ma-
jority of females who carry a mutation in the dystrophin
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gene have no clinical symptoms, but up to 8% of female
carriers can have significant muscle weakness.3

Molecular testing can identify deletions or duplica-
tions in 60% to 70% of males with DMD and can find
other mutations through sequencing in 20% to 25% of
those affected.19 Therefore, there are about 5% to 10%
of affected males who will have a negative genetic test
result. This can lead to complications in the testing of
other at-risk family members. If an affected male does
not have a detectable mutation, a negative test result
for family members would not rule out the possibility of
being a carrier or of having an affected child, and prena-
tal diagnosis would not be an option. If a mutation has
been detected in a male family member, females can
undergo carrier testing and prenatal diagnosis if desired.
Since female carriers are typically asymptomatic and the
disease is associated with normal development in in-
fancy, there are no apparent increased risks for fetal ab-
normalities or pregnancy complications for the mother.

Becker muscular dystrophy is typically characterized
by progressive muscle weakness starting in the adoles-
cent years. Many males with BMD remain ambulatory
into adult life but have increasing disability. Because
affected males survive into adulthood, many of them
reproduce, which means that all of their daughters will
be obligate carriers and will have a 50% chance of hav-
ing an affected son. Females with affected fathers must
understand that they are carriers for BMD and carrier
testing is not necessary. Carrier testing can actually be
harmful by causing false reassurance if the mutation is
undetectable or if their creatine kinase levels are within
reference ranges.4 Becker muscular dystrophy can have
significant variability but overall, it is much milder than
DMD. The chance of having a son with BMD caused by
a de novo mutation is only about 10%; therefore, 90%
of males affected with BMD have a carrier mother.3

Limb-girdle muscular dystrophy

“Limb-girdle muscular dystrophy” is a term used to
describe several types of muscular dystrophies that
are commonly characterized by a limb-girdle pattern
of muscle weakness without facial involvement. Limb-
girdle muscular dystrophies are caused by various pro-
teins with different functions.18 The symptoms of most
LGMDs are typically limited to skeletal muscle. Most af-
fected individuals show progressive weakness and mus-
cle wasting in the musculature of the limbs, with proxi-
mal muscles being more affected than distal muscles.9,20

Most LGMDs are AR, but a few rare types are AD.
If symptoms occur at an early age and are severe,
LGMD can resemble DMD. It is critical to eliminate
the dystrophinopathies when a young male presents
with symptoms of muscular dystrophy. The diagnosis

of LGMD in any female who appears to have classic
symptoms of DMD needs to be considered.4

Limb-girdle muscular dystrophies are most com-
monly seen in later childhood to early adulthood. They
are typically diagnosed by the combination of clinical
findings, classic dystrophic changes on muscle biopsy,
biochemical testing on muscle biopsy, and/or molecu-
lar genetic testing.20 The muscle biopsy is used to find a
reduction in the causative protein and then appropriate
genetic testing can be used to analyze the likely con-
tributing gene to establish a genetic diagnosis.18 Molec-
ular genetic testing is clinically available for most gene
mutations that have been identified to cause LGMD;
however, there are still many types of LGMD that have
not been linked to a specific mutation. It is estimated
that about 50% of affected individuals do not have a
molecular diagnosis.20

Because of the lack of diagnostic specificity and the
various types of LGMD, the prevalence of these disor-
ders is difficult to determine; estimates range from 1 in
14,500 to less than 1 in 120,000 affected.20 Most individ-
uals diagnosed with LGMD represent the only case of
the disease in the family. Families can be counseled that
typically these conditions are rare recessive conditions
and that the only considerable risk for recurrence is for
the affected relative’s siblings.20 Parents of the affected
person are considered obligate carriers, are asymp-
tomatic, and have a 25% chance with each pregnancy
that they conceive together of having an affected child.
If the affected person has had molecular genetic testing
and has a detectable mutation, the parents can elect to
have prenatal diagnosis during pregnancy or they can
pursue preimplantation genetic diagnosis. The variation
of these conditions can be seen within the family, mean-
ing that the age of onset and/or the progression of the
disease cannot be predicted for affected siblings.20

There are a few types of LGMD that follow an AD
inheritance pattern. In these cases, the offspring of an
affected parent have a 50% chance of inheriting LGMD.
Some family histories appear negative for the disorder
due to failure to recognize this disorder in a family
member or misdiagnosis of a family member. It is also
possible that an affected parent died at an early age
before the onset of symptoms or that the parent has
not yet been diagnosed because of the potential late
onset of the condition. The result of these complications
makes determining the rate of de novo mutations for
LGMD impossible.20

Unlike the other dystrophinopathies, LGMDs can
affect women of childbearing age. There are no con-
genital forms of LGMD, so the only increased risk of
obstetrical complications is associated with the affected
mother’s underlying condition. In one study, more
than 50% of women with LGMD reported experiencing
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worsening of weakness during pregnancy. The worsen-
ing was most likely weight related but generally did not
improve after delivery. All of the women in the study
attributed this worsening to the expected progression
of the disease and still reported a positive attitude to-
ward pregnancy. These women emphasized the value
of carrying a child and starting a family despite their
physical disabilities or the need for assistance to
care for their infants.9,10,21 Women who have been
diagnosed with an LGMD are often concerned about
the risk of offspring inheriting the condition. Most
LGMDs are recessive and the carrier frequency in the
general population is low (estimated to be <1 in 150);
therefore, the risk for an affected parent to have a child
with the same condition is much less than 1% (∼1 in
300 or less). Carrier testing for unrelated partners is un-
available because of the heterogeneity of the disease.20

Charcot-Marie Tooth

Charcot-Marie Tooth is actually a group of heredi-
tary diseases that are characterized by both motor and
sensory neuropathies. These conditions affect approx-
imately 1 in 2500 individuals, which means that they
are among the most common hereditary neuromuscu-
lar disorders.10 This group of disorders can be inherited
in an AD, AR, or X-linked pattern, with AD inheritance
being the most common inheritance of CMT. There are
several types of CMT that are typically differentiated
by inheritance patterns and/or by nerve conduction
studies.4 Charcot-Marie Tooth can be distinguished from
other hereditary neuropathies such as hereditary sen-
sory and autonomic neuropathies and hereditary mo-
tor neuropathies by the level of sensory involvement.
Patients with CMT always have sensory involvement,
which is more severe in hereditary sensory and au-
tonomic neuropathies and absent in hereditary motor
neuropathies.18

Charcot-Marie Tooth is often diagnosed clinically.
Typical evaluations for inherited neuropathies include
a comprehensive neurologic examination, nerve con-
duction studies, and a thorough review of the family
history.7 Charcot-Marie Tooth type 1 is the most com-
mon type of CMT, which is characterized by delayed
nerve conduction and affects up to 50% of individuals
with CMT. It is generally inherited in an AD pattern,
but X-linked inheritance has been reported in some
families. This is sometimes abbreviated as CMTX and
appears in up to 15% of individuals with type 1. In
the past, there were a few families believed to exhibit
an AR inheritance pattern; however, in most of these
families, the condition is now believed to be caused
from either mosaicism in a parent (including germ
line mosaicism) or undetected disease in a parent.4,22

Charcot-Marie Tooth type 2 is also typically inherited
in a dominant manner, but it is associated with normal
nerve conduction and can be milder than type 1.4 It is
seen in 10% to 15% of individuals with CMT.22 There
still appears to be a type of CMT that is inherited in
an AR manner but this is rare. Family histories may
appear negative, but this can be secondary to undiag-
nosed CMT or a misdiagnosis in a family member, early
death of an affected parent prior to onset or diagnosis,
or late onset in an affected parent.22

Charcot-Marie Tooth usually presents in childhood or
early adulthood with progressive distal weakness and
distal muscle wasting. Most individuals are diagnosed
prior to 30 years of age.3 The age of onset, severity
of symptoms, and progression of the disease vary sig-
nificantly between individuals, even within an affected
family. Symptoms of CMT typically start in childhood
with slow progressive weakness and then atrophy of
the distal leg muscles. This usually leads to an abnormal
gait, dropped foot, and foot deformities. Affected indi-
viduals usually experience loss of balance and require
aids such as special foot and ankle braces or canes, but
less that 5% lose the ability to walk.22 Weakness in the
hand muscles and hand deformities typically occur later
in the course of the disease.3

When taking care of women with CMT, certain con-
siderations exist. First, healthcare providers need to un-
derstand the potential effects of the condition on the
pregnancy course as well as the effects of pregnancy
on the mother’s condition. Until recently, CMT was
believed to have no significant impact on pregnancy,
delivery, or the newborn.23,24 However, more recent
studies have demonstrated relevant pregnancy and de-
livery complications, and there are increased maternal
risks as well.8,9,25 Pregnancies of mothers with CMT
are 2 times more likely to have presentation anoma-
lies and are twice as likely to require operative deliver-
ies, such as forceps- or vacuum-assisted vaginal deliv-
eries or cesarean deliveries. It has been speculated that
the increased risk for breech presentation or abnormal
cephalic presentation that predisposes these patients to
require an operative delivery manifests from the mater-
nal condition itself or as the result of decreased fetal
motility.8,25 Mothers with CMT are twice as likely to en-
counter severe postpartum bleeding, possibly related to
uterine atony caused by neuropathy of uterine adrener-
gic nerves.9,25 Thus, immediate treatment of a postpar-
tum hemorrhage needs to be anticipated. If a woman
was diagnosed with CMT in early childhood, there is
a 50% risk of deterioration of the disease during preg-
nancy. It is speculated that endoneurial edema and the
pressure effects from the gravid uterus contribute to the
worsening of disease symptoms during pregnancy.10

About one-third of the women with exacerbations or
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deterioration reported improvement after delivery, but
the other two-thirds experienced progressive worsening
of symptoms in the postnatal period.23 Women who ex-
perienced exacerbations in their first pregnancies gen-
erally had a high risk of exacerbations in subsequent
pregnancies. Women with adult-onset CMT, interest-
ingly, did not typically report any worsening of symp-
toms during pregnancy.9 Fortunately, affected infants
are not expected to have any symptoms at birth.8

Another factor to consider when caring for a female
with CMT is the inheritance of the condition and how
that might impact the family. Since most individuals
have a dominant form of the condition, the risk for off-
spring to be affected is up to 50%. However, for patients
who do not have a family history of CMT and the in-
heritance pattern remains unclear, there are no empiric
data regarding the recurrence risk for offspring. The
availability of molecular testing for the most common
gene mutations detected in CMT can help determine
recurrence risk, but if a mutation is not detected, a re-
currence risk cannot be predicted.22 In these cases, the
recurrence risk could be as high as 50%. Discussing
these risks with women is vital because up to 36% of
individuals with CMT rate their level of disability as high
and may choose not to have children.26 Nurses need to
acknowledge the difficulty of accepting an unplanned
pregnancy and should consider the emotional impact
of pregnancy as well as the physical impact that the
pregnancy poses on the mother’s health.

Spinal muscular atrophy

Spinal muscular atrophy describes a group of motor
neuron disorders that are caused by the degeneration
and death of lower motor neurons in the anterior
horn of the spinal cord and brain stem. Spinal mus-
cular atrophy is AR and typically affects infants and
children but can occur in adults.7 It is characterized
by progressive muscle weakness, joint contractures,
scoliosis, and a history of motor difficulties or failure
to meet developmental milestones, and it is caused by
various mutations in the SMN1 gene that cover a con-
tinuum without distinct molecular changes to separate
subtypes.27 Thus, subtypes are typically grouped by age
of onset and maximum function achieved. Considering
subtypes is useful for prognosis and management of
the disorder, as well as thinking about the potential
for pregnancy-related concerns. Regarding pregnancy,
the 2 main issues to consider include the effects of a
pregnancy on a woman affected with SMA as well as
the potential complications seen in a pregnancy when
the fetus inherits the disease.

Typically, SMA is divided into 3 to 5 different sub-
types. SMA I is commonly associated with onset of the

condition prior to birth up to 6 months of age and is
related to poor muscle tone, weakness, and mild to se-
vere contractures. SMA I can be further divided into 2
different subtypes, SMA 0 and SMA I, with SMA 0 being
the most severe. Spinal muscular atrophy 0 can be re-
lated to arthrogryposis multiplex congenital, weakness
at birth, and/or respiratory failure, with a life span of
between 2 and 6 months. In infants with SMA I, onset is
prior to 6 months of age and death typically occurs be-
fore 2 years of age. Individuals with SMA II (also called
“chronic SMA”) are typically diagnosed between 6 and
12 months of age, are nonambulatory, and have low
muscle tone and progressive weakness. Seventy per-
cent of patients with SMA II survive past 25 years of age.
SMA III is frequently diagnosed in childhood, but after
10 months of age, and they have a normal life span. In-
dividuals with SMA III can usually walk but experience
frequent falls and trouble climbing stairs by 2 to 3 years
of age. Spinal muscular atrophy III is also sometimes di-
vided into 2 subtypes, SMA III and SMA IV. Spinal mus-
cular atrophy IV is the adult onset form of the disease.27

Spinal muscular atrophy is one of the more rare neu-
romuscular diseases that can be seen in women of child-
bearing age, with a prevalence in the general popula-
tion of approximately 1 in 10,000.6 Pregnant women
with SMA have had successful pregnancy outcomes,
although often these women are discouraged from get-
ting pregnant.10 About 80% of women with SMA expe-
rience complications during pregnancy, which include
preterm labor and worsening of disease symptoms.8 For
women with SMA who experience preterm labor, the
same precautions need to be executed as previously
discussed for women with myotonic dystrophy. Exac-
erbations of muscle weakness occurred in two-thirds of
pregnant patients with SMA and seemed to be persistent
in more than half of these women following delivery.9

Both delivery and anesthesia decisions are often im-
pacted by whether leg contractures, scoliosis, or spinal
fixation that women can possess with severe SMA are
present. At the time of delivery, women with SMA
have potential for respiratory complications, airway
difficulties, and concerns related to the presence of sco-
liosis and spinal column deformities. Careful planning
is necessary prior to delivery to reduce maternal risks.
Cesarean delivery is the usual mode of delivery, but
less affected patients can deliver vaginally. For women
who are severely affected by SMA, have spinal column
deformities, and require cesarean delivery, anesthesia
options can be complexing.

SUMMARY
Many neuromuscular diseases affect women of child-
bearing age. A significant number of these genetic
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conditions can be associated with increased risks for
pregnancy complications. Understanding the genetics
relevant to these conditions including the inheritance
patterns, frequency of the diseases, risks for offspring
to be affected, and the availability of genetic testing or
prenatal diagnosis ensures effective medical care.
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