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With early diagnosis and increasingly effective medical care, more women with genetic syndromes
are undergoing pregnancy, often presenting challenges for providers. Each year more women with
genetic disease reach childbearing age. Advances in assisted reproductive technology have enabled
pregnancy in a cohort of woman who experience impaired fertility because of their underlying diag-
nosis. Management of these women requires health care providers from multiple specialties to provide
coordinated care to optimize outcomes. Potentially, serious medical issues specific to each diagnosis
may exist in the preconception, antepartum, intrapartum, and postpartum periods, all of which must be
understood to allow timely diagnosis and treatment. The fetus may also face issues, both related to risk
for inheritance of the genetic disorder observed in the mother as well as risks related to her chronic
disease status. In this article, the second of a 2-part series, we will review the key issues for managing
women with various inborn errors of metabolism during pregnancy. Additionally, we will discuss the
care of women with Turner syndrome, neurofibromatosis type 1, and cystic fibrosis.
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Learning Objectives: After the completing the CME activity, physicians should be better able to
classify the pulmonary and nutritional issues facing women with cystic fibrosis in pregnancy, assess the
baseline evaluation that should take place in women with Turner syndrome, NF1 and cystic fibrosis before
attempting pregnancy and evaluate the fetal risks that can be observed in women with untreated inborn
errors of metabolism.

underlying genetic disorder, who often have medical
needs that are very specific to their condition. Ad-

The management of pregnancy for a woman with
any chronic medical condition requires a multidisci-

plinary approach to fully address the complex issues
that arise from preconception through pregnancy and
postpartum. This is especially true of women with an
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vances in medical care and artificial reproductive
technology have allowed conception in an increasing
number of women who in previous generations
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would have been unable to reach childbearing age or
have the ability to become pregnant. This cohort of
women requires the coordinated care of maternal-
fetal medicine physicians, geneticists, genetic counselors,
anesthesiologists, and various medical subspecialists
during their pregnancy. It is important to enlist the
aid of those that are familiar with the patient’s med-
ical history, as many syndromes have variable ex-
pression. In the first of this 2-part series, syndromes
with connective tissue, muscle, vascular, or skeletal
involvement were discussed. In this article, we will
review the management of several of the more common
biochemical disorders as well as other conditions that
require increased surveillance in pregnancy, including
cystic fibrosis (CF), neurofibromatosis type 1, and
Turner syndrome.

INBORN ERRORS OF METABOLISM

Most maternal-fetal medicine specialists and obste-
tricians will manage few women with inborn errors
of metabolism (IEM) because of the relatively low
incidence of these disorders. However, as early de-
tection of IEMs and clinical management continues
to improve, there now exists an increasing number of
women who are of childbearing age with these diag-
noses. There are a number of different IEMs, and we
will explore a few of the more common disorders that
have a clinically significant impact on the mother,
the fetus, or both.

Urea Cycle Disorders

Urea cycle defects are a group of disorders char-
acterized by a deficiency in one of the 6 enzymes that
comprise the urea cycle. Impairment of the urea
cycle results in a buildup of ammonia following
protein metabolism. Hyperammonemia results in
neurologic damage, coma, or death if not treated.
Treatment includes protein restriction and the use of
medications, such as sodium benzoate and sodium
phenylbutyrate, which act as nitrogen scavengers and
activate alternative pathways for nitrogen excretion.
Liver transplantation is also used in the management
of these patients, and it is considered curative for
specific disorders, including ornithine transcarbamy-
lase deficiency (OTC) and carbamoyl phosphate
synthasedeficiency.!

OTC DEFICIENCY

OTC deficiency is the most common of the urea
cycle defects, with an incidence of approximately 1
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in 14,000. It is also the only X-linked urea cycle
defect and therefore, males experience more severe
clinical manifestations, although female carriers can
be symptomatic to a lesser degree. Symptom onset
usually occurs in the neonatal period or rarely later in
infancy or childhood. The presentation can include
recurrent vomiting, lethargy, cerebral edema, or
coma due to hyperammonemia.

As with most X-linked disorders, female carriers of
OTC deficiency are typically asymptomatic. How-
ever, because X-chromosome inactivation in women
is random in each cell, either the mutant or wild-type
OTC gene may be expressed in each cell throughout
the body. About 15% of female carriers are
symptomatic to some degree because of skewed
X-inactivation or unequal lyonization. Women often
remain undiagnosed because the phenotype is rare
and quite variable and often include nonspecific
symptoms such as migraines, recurrent vomiting, and
anorexia. Many of these women avoid protein in
their diet. Recognition of this disorder in women may
occur following periods of physiologic stress that
result in significant catabolism, and it can be pro-
voked by protein loading, medical illness, or preg-
nancy, particularly the postpartum period.

The management of pregnant OTC deficiency car-
riers has been described in numerous case reports and
case series. Earlier articles often reported a grim
prognosis, in some cases, due to the lack of a diag-
nosis at the time of pregnancy. Maestri et al dis-
cussed the clinically variable presentation of OTC
deficiency carriers in a study published in 1998. They
identified 79 women as carriers of a mutant OTC allele
and compared them with 96 controls with no OTC
mutation and did not identify any significant differences
in obstetric history between these groups.?

Mendez-Figueroa et al provide a thorough manage-
ment plan for pregnant women with OTC deficiency.
During the antenatal course, baseline plasma amino
acids and serum ammonia levels should be obtained
in addition to routine prenatal laboratories. Patients
should be followed by a nutritionist who can help to
meet nutritional goals. Management may include
supplementation of deficient amino acids (e.g., argi-
nine and citrulline) and adherence to a protein-
restricted diet.* Women with OTC deficiency who
develop gestational diabetes, in particular, require
careful consultation regarding dietary management,
which can be complex. Patients may develop tonic-
clonic seizures if hyperammonemia occurs, and this
must be differentiated from eclampsia.

The impact of OTC deficiency on the fetus and
fetal well-being is not well documented. Mendez-
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Figueroa et al describe antepartum surveillance start-
ing at 32 weeks with biophysical profile testing.*
With regard to delivery planning, affected women
may benefit from induction of labor to ensure that the
multiple providers can best execute the plan of care.
The intrapartum period represents a time of high
metabolic stress, and therefore poses a risk for the
development of hyperammonemia. To avoid periods
of prolonged fasting and a catabolic state, it is ad-
vised that patients receive continuous dextrose (e.g.,
D10) infusion throughout labor. If blood glucose
levels are consistently elevated, IV insulin may be
administered to aid in achieving a euglycemic state.
Patients who undergo planned cesarean delivery
should be admitted on the night before the proce-
dure to receive dextrose infusion during the fasting
period. Plasma ammonia levels should be evalu-
ated at regular intervals during the intrapartum and
postpartum period. If an elevation is noted, the
patient may benefit from treatment with ammonia
scavenging agents such as sodium benzoate to
prevent hyperammonemic complications. In the
postpartum period, close observation for a prolo-
nged period is warranted, as high metabolic demands
can precipitate complications. Dietary restrictions,
frequent laboratory ammonia evaluations, and mon-
itoring of symptoms are critical. Ideally, metabolic
geneticists should be involved in the antepartum,
intrapartum, and postpartum management of these
patients.>*>

In known OTC deficiency carriers who become
pregnant or plan to become pregnant, confirmation of
the causative OTC mutation should be performed.
Genetic counseling is recommended regarding dis-
ease manifestations in pregnancy and the X-linked
inheritance, which results in a 50% chance of disease
transmission to male offspring. Females are also at a
50% risk of inheriting the abnormal allele from car-
rier mothers and should therefore be evaluated by a
metabolic geneticist in the neonatal period. Prenatal
diagnosis is possible in the setting of a known OTC
mutation with preimplantation genetic diagnosis,
chorionic villus sampling (CVS), or amniocentesis.
Prenatal diagnosis is helpful to allow involvement of
the neonatology team at birth and prevents the de-
velopment of hyperammonemia and ensuing compli-
cations in the newborn period.*

Amino Acid Disorders

Amino acid disorders are characterized by im-
paired synthesis and degradation of various amino
acids. The manifestations typically are noted in in-
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fancy; therefore, newborn screening now results in
the detection of many such disorders.

PHENYLKETONURIA

Phenylketonuria (PKU) is an autosomal recessive
disorder caused by deficient activity of the enzyme
phenylalanine hydroxylase (PAH). The prevalence of
PAH gene mutations varies greatly by ethnicity and
is most common in individuals of Northern European
descent, with an incidence of 1 in 10,000. Hydroxy-
lation of phenylalanine to tyrosine cannot occur with-
out adequate PAH enzyme activity, and affected
persons are intolerant of the dietary intake of the
essential amino acid phenylalanine. Accumulation of
phenylalanine and its metabolites is neurotoxic and if
left untreated, it can lead to progressive mental re-
tardation. Disease manifestations in infancy include
vomiting, irritability, lethargy, and increased tone. A
characteristic “mousy” odor of the urine has been
described in affected individuals. This odor is attrib-
uted to an increase in the phenylalanine metabolite—
phenyl acetic acid. If untreated, phenylalanine levels
may reach 20 times normal; such elevated phenylal-
anine can result in multiple manifestations, including
decreased skin and hair pigmentation, due to associ-
ated inhibition of tyrosinase. Neurologic deficits re-
sult from decreased myelin formation and decreased
production of various neurotransmitters. The disease
severity varies with compliance with treatment as
well as with the specific PAH genotype.®

The introduction of newborn screening in the
United States has been very effective in diagnosing
PKU within the first week of life, before develop-
ment of irreversible neurologic impairment. The goal
of treatment is to maintain plasma phenylalanine
concentrations of 120 to 360 wmol/L (2-6 mg/dL) by
adherence to a phenylalanine restricted, low protein
diet supplemented with a phenylalanine-free medical
formula. Adequate compliance with a treatment reg-
imen started before 3 months of age can result in
minimal to no manifestations.® Although historically
children were allowed to discontinue the strict di-
etary regimen at age 6, it is now recommended that
dietary restriction be lifelong, as neurocognitive de-
cline and behavioral abnormalities occur even in later
childhood and adulthood with prolonged exposure to
high phenylalanine levels.

Women with PKU who are considering pregnancy
should be counseled regarding the importance of
treatment compliance in the preconception period
and throughout pregnancy. Treatment goals include
plasma phenylalanine concentrations between 120
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and 360 umol/L. (2-6 mg/dL) for at least 3 months
before conception. During pregnancy, women should
be followed closely by a nutritionist as protein and
dietary phenylalanine requirements will change with
gestational age. Diet should be optimized to allow for
adequate weight gain during pregnancy.’

Women with untreated PKU during conception and
the first trimester are at increased risk to have a fetus
with multiple abnormalities due to the teratogenic
effects of hyperphenylalaninemia. The most com-
monly observed anomalies include congenital heart
disease, microcephaly, intrauterine growth restric-
tion, and neurodevelopmental disability. Platt et al
evaluated pregnancy outcomes in 576 women with
hyperphenylalaninemia during a 12-year-period as
part of the Maternal Phenylketonuria Collaborative
Study. The outcomes were classified according to the
phenotype of hyperphenylalaninemia and the gesta-
tional age at the time that treatment was started. The
target phenylalanine level in the latter part of this
study was 120 to 360 wmol/L (2-6 mg/dL). This
long-term study demonstrated that phenylalanine re-
stricted diet before conception or by 8 to 10 weeks
gestation significantly decreased the incidence of
congenital heart disease and microcephaly in off-
spring of affected mothers. Maternal phenylalanine
levels >900 wmol/L. were associated with an 85%
risk for microcephaly and 26% risk for growth re-
striction. Intellectual development of the offspring
was optimal if maternal diet restriction began in the
preconception period.®

Tetrahydrobiopterin is a naturally occurring essen-
tial cofactor of PAH and is used in the degradation of
phenylalanine. Sapropterin is a synthetic preparation
of tetrahydrobiopterin that is currently used to treat
PKU in responsive individuals. If pregnant women
are unable to maintain the recommended treatment
guidelines to achieve target phenylalanine levels and
have been shown to be responsive to sapropterin,
consideration of its use should be considered as it
may assist in reaching phenylalanine targets. Cur-
rently, there is a registry available for all women who
take this medication in pregnancy, and participation
should be strongly encouraged.

Long-term neurodevelopmental outcomes in chil-
dren born to mothers with PKU were investigated by
Waisbran et al in a follow-up to the Maternal PKU
Collaborative Study. Their findings supported opti-
mal dietary control as being associated with im-
proved intellectual development. These investigators
also found that children born to women with PKU
had worse performance on developmental testing at
age 4 years than at age 2 years when compared with
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controls, suggesting cognitive decline over time.
However, long-term studies have not been performed
to validate this finding.’

Women with PKU should undergo serial ultra-
sound evaluations in pregnancy because of the high
incidence of growth anomalies. It is reasonable to
consider performing a fetal echocardiogram due to
the risk of congenital heart disease in this patient
population.® There have been no studies that indicate
any effect of PKU on the labor and delivery process.

Genetic counseling is strongly advised in women
affected with PKU not only to discuss the importance
of compliance with dietary restriction in the precon-
ception period but also for discussion of prenatal
testing options. The chance that her offspring will
also have PKU depends on the carrier status of her
partner, which varies with ethnicity although the
carrier frequency is generally quite low. Partners of
carriers can undergo molecular carrier testing, al-
though without a family history, such testing is less
accurate. CVS or amniocentesis can be performed for
prenatal diagnosis if underlying mutations have been
identified in both parents.®

HOMOCYSTINURIA

Homocystinuria is an autosomal recessive disorder
caused by a deficiency in the enzyme cystathionine
B-synthase (CBS), resulting from a mutation in the
CBS gene. It is characterized by variable degrees of
developmental delay, ectopia lentis, skeletal abnor-
malities, and thromboembolism. Patients may be
misdiagnosed with Marfan syndrome as there are
shared characteristics, specifically the marfanoid
body habitus, ectopia lentis, and arachnodactyly.
Patients are typically characterized as having
B-responsive homocystinuria or B¢ -nonresponsive
homocystinuria, with B responsive patients exhibit-
ing milder manifestations. The goal of therapy is to
prevent secondary complications by maintaining nor-
mal plasma homocysteine concentrations using pro-
tein and methionine-restricted diets as well as
supplementation with betaine, folic acid, and vitamin
B,,.'"" Although developmental delay is observed in
some affected persons, many patients have normal
intelligence. Early diagnosis with newborn screen-
ing allows earlier treatment and can avert neuro-
logic decline in both B, responsive and nonrespon-
sive patients.!!

There is no evidence that women with homocystin-
uria have impaired fertility. Unlike PKU, elevated
homocysteine levels do not appear to have terato-
genic effects. Levy et al described the pregnancy
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outcomes of 11 women with homocystinuria and
their 15 pregnancies. In this group, there were 5 B
responsive and 6 nonresponsive patients, and they
found no increase in adverse obstetric or neonatal
outcomes.!! Pierre et al and others have reported the
use of betaine in affected women throughout preg-
nancy to decrease hyperhomocysteinemia and to im-
prove hypomethioninemia, with no adverse maternal
or fetal effects.!>!*

The primary concern in women with homocystin-
uria during pregnancy is the increased risk for throm-
boembolism in the puerperium. In an observational
study by Levy et al, only 5 of the 11 women were
treated with anticoagulation; 1 woman developed a
superficial venous thromboembolism. The potential
benefits of anticoagulation far outweigh the risk of
thromboembolism in this high-risk population, there-
fore, prophylactic anticoagulation is recommended in
the third trimester and postpartum periods.!!

Genetic counseling is indicated for women with
homocystinuria to discuss risk to her offspring. Risk
of an affected woman having an affected fetus de-
pends on the carrier status of her partner, which is
dependent on ethnicity. Prenatal testing can be per-
formed by CVS and amniocentesis if the fetus is at
risk and the disease-causing mutations are known.
CBS enzyme activity can also be used for diagnosis
with cultured amniocytes but not chorionic villi,
which have low CBS enzyme activity even in unaf-
fected individuals. Measurement of total homocys-
teine in cell-free amniotic fluid is also possible to aid
in diagnosis.'®

Organic Acid Disorders

Organic acid disorders are a group of metabolic
diseases that result from deficiencies in the enzymes
responsible for the breakdown of branched-chain
amino acids or lysine. Such enzyme deficiencies
result in an accumulation of non—amino organic acids
in urine. Severe forms of these disorders are charac-
terized by recurrent episodes of metabolic acidosis
and hyperammonemia if left untreated. Treatment
typically consists of protein restriction and carnitine
supplementation.

MAPLE SYRUP URINE DISEASE

Maple syrup urine disease (MSUD) is an organic
acidemia that results from a defect in the enzyme
responsible for metabolizing the branched chain
amino acids leucine, isoleucine, and valine. The dis-
order is transmitted in an autosomal recessive

769

manner, and there have been 3 genes identified as
responsible for various subtypes: BCKDHA, BCKDHB,
and DBT. The disorder is relatively rare with a re-
ported incidence of approximately 1:185,000 live
births. Some groups, specifically the Mennonite pop-
ulation, have an incidence as high as 1:175. The
enzyme defect results in accumulation of leucine,
isoleucine, and valine, which if left untreated, can
cause neurologic impairment. The name of the dis-
order is derived from the characteristic odor of cerumen
and urine in those affected. The disease symptoms
are typically noted during the first week of life when
infants are found to have poor feeding, emesis, leth-
argy, abnormal tone, and finally coma. Disease se-
verity is associated with the level of enzyme activity
in the affected individual. Newborn screening has
allowed for early detection of MSUD and, there-
fore, prevention of early neurologic insult. Im-
proved long-term outcomes with treatment and
dietary intervention.!"

Treatment of MSUD includes leucine restriction,
use of specific feeding formulas that do not contain
branched chain amino acids, and supplementation of
isoleucine and valine. Metabolic crisis can occur in
the setting of increased stress due to illness. The goal
of treatment is to keep metabolite levels below patho-
genic concentrations. '

Maternal MSUD is more common since the imple-
mentation of newborn screening, which has allowed
early diagnosis of the disorder and prevention of
neurologic sequelae associated with untreated crises.?
Unlike with PKU, there have not been studies regard-
ing the teratogenic effects of elevated branched chain
amino acids. However, these do cross the placenta
and have given the adverse impact in newborns, there
is concern that elevated levels could be teratogenic.
Case reports of successful pregnancy management
have been described in the literature by both Van
Calcar et al and Grunewald et al. They recommend
rigorous dietary control before conception and
throughout pregnancy. Maternal nutritional status
must be monitored carefully, and adequate protein
and calories must be delivered to allow appropriate
fetal growth. In the cases described in the literature,
women were able to deliver at 36 to 40 weeks and
were not observed to be at increased risk for obstetric
complications, except those related to fetal growth.
In both reports, however, the postpartum period was
found to be a vulnerable time for maternal metabolic
crisis due to the stress induced by labor and the
various tissue catabolic processes.'®!’

Offspring of women with MSUD are obligate
heterozygotes and typically asymptomatic. If there is

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.




770

concern for an affected fetus (e.g., parental consan-
guinity), prenatal diagnosis is possible with amnio-
centesis or CVS, if the disease-causing mutation has
been identified."

FATTY ACID OXIDATION DISORDERS

Fatty acid oxidation (FAO) disorders are a group of
autosomal recessive disorders characterized by defi-
ciency in various enzymes necessary for the conversion
of fats to energy. Mitochondrial FAO fuels hepatic
ketogenesis and restores hepatic glycogen stores used
during periods of prolonged fasting. If the ability to
restore energy stores is compromised, affected individ-
uals may experience hypoketotic hypoglycemia, liver
dysfunction, cardiomyopathy, lethargy, and coma when
faced with fasting or stress.>!

The fatty oxidation pathway includes multiple en-
zymes, including short-, medium-, long- and very
long chain acyl-CoA dehydrogenase, and carnitine
palmitoyltransferase TA and II.

Medium chain acyl-CoA dehydrogenase defi-
ciency (MCAD) is the most common of the FAO
disorders, with an incidence ranging between 1:4900
and 1:17,000. It is most prevalent among whites and
northern Europeans. The onset of symptoms is typi-
cally between 3 and 24 months of age, but may
present later, even into adulthood. Once the diagnosis
of MCAD has been made, instituting frequent feed-
ings can prevent metabolic decompensation. Un-
treated individuals with MCAD are at increased risk
for death during their first metabolic crisis, and
MCAD is thought to be responsible for approxi-
mately 5% of sudden infant death cases.!'

The impact of FAO disorders on pregnancy is
primarily related to women who have affected fe-
tuses rather those with maternal FAO deficiency.
Maternal liver disease, particularly acute fatty liver,
has been associated with pregnancies in which the
fetus is affected with long-chain 3-hydroxyacyl-CoA
dehydrogenase (LCHAD). Several authors have
demonstrated that short- and medium-chain defects
can be implicated in maternal liver disease during
pregnancy as well.'?° Browning et al demonstrated
an 18.1-fold increase in maternal liver disease in
pregnancies complicated by any fetal fatty oxidation
disorder when compared with controls with unaf-
fected fetuses.' In a prospective analysis by Ibdah et
al, authors found that 15% to 20% of pregnancies
complicated by acute fatty liver of pregnancy
(AFLP), and 2% of pregnancies with hemolysis, el-
evated liver enzymes, and low platelet count
(HELLP) are associated with fetal LCHAD defi-
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ciency.?!?? Ibdah et al and others have explored the
molecular basis for this association and hypothesized
that the accumulation of 3-hydroxy-fatty acids may
be a maternal hepatotoxin. The obligate heterozygote
status of the mother may also cause reduced capacity
to metabolize long-chain fatty acids particularly
when faced with the increased fetal contribution.!
Due to this association, testing for fatty oxidation
disorders in the infant is recommended in the setting
of maternal acute fatty liver.

The complications associated with maternal FAO
disorders have not been well documented. One case
of acute liver failure in the setting of undiagnosed
maternal MCAD deficiency has been described.?
This complication can occur in other individuals with
undiagnosed FAO disorders under times of stress or
prolonged fasting. Avoidance of prolonged fasting in
affected patients during pregnancy is recommended
to minimize the complications of FAO deficiency.
Adequate glucose administration should be ensured
during labor and the postpartum period to prevent
known complications of this disease during these
times of increased metabolic stress.

All known FAO disorders have an autosomal re-
cessive inheritance pattern. The carrier frequency can
be as high as 1 in 40 in the white population for
MCAD deficiency; therefore, a woman with FAO
deficiency and her untested, nonconsanguineous
partner would have a 1/80 chance to have an affected
child in each pregnancy. Prenatal diagnosis should be
considered in cases in which the mother has had a
previously affected child and is therefore an obligate
heterozygote. As an affected fetus increases the risk
of significant maternal liver disease in pregnancy, a
diagnosis is helpful to provide optimal obstetric care.
Molecular analysis of fetal DNA obtained by CVS or
amniocentesis is possible if the disease-causing mu-
tation has been identified. If the mutation has not
been identified, biochemical analysis is possible with
an assay of FAO enzymatic activity in CVS or am-
niocyte cultures.!'s*

GAUCHER DISEASE

Gaucher disease (GD) is an autosomal recessive
disorder that results from a mutation in the glucosi-
dase, beta, acid gene. It is the most prevalent lyso-
somal storage disorder and affects approximately
1/450 Ashkenazi Jews and 1/40,000 to 1/100,000
other individuals. A deficiency in the enzyme gluco-
cerebrosidase results in the abnormal accumulation
of a complex lipid, glucocerebroside in the lyso-
somes of various organ systems. GD is a clinically
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heterogeneous disorder with interfamilial variable
expressivity. Gross enlargement of the liver and
spleen occurs as a result of glucocerebroside accu-
mulation in the reticuloendothelial system. Deposi-
tion of glucocerebroside in the bone marrow causes
decreased erythrocyte and platelet production. Bone
lesions result in pain, osteonecrosis, and associated
complications.

GD is classified into 5 different types based on the
primary manifestation and age of onset. Those most
commonly seen in adults are type 1, type 3, and the
cardiovascular form; therefore, these are mostly
likely to be encountered in pregnant women. Type 1
GD manifests with bone disease, hepatosplenomeg-
aly, bone marrow dysfunction, pulmonary manifes-
tations, and sparing of the central nervous system
(CNS). Type 3 GD is distinguished by the onset of
primary neurologic disease with oculomotor apraxia;
progressive myoclonic epilepsy; and hepatomegaly,
splenomegaly, cytopenia, and pulmonary disease.
The cardiovascular subtype is characterized by ocu-
lomotor apraxia, calcification of the mitral and aortic
valves, corneal opacity, and mild splenomegaly.?

GD has not been demonstrated to decrease fertility.
Contraindications to pregnancy are related to the
associated disease manifestations, including severe
pulmonary disease, pulmonary hypertension, or car-
diovascular disease. If these contraindications are not
present, pregnancy in a woman with GD is generally
well tolerated, although should involve careful coor-
dination by multiple providers who are familiar with
this disease.”

In a woman with GD and who is considering
pregnancy, a review of her baseline disease state and
medications should be performed. Many patients
with GD are treated with an enzyme inhibitor—
known as miglustat—to reduce the manifestations in
the liver, spleen, or bones; it is recommended that
this medication be discontinued for at least 3 months
before pregnancy. Miglustat is classified as preg-
nancy category X due to animal studies demonstrat-
ing decreased live birth rate and decreased birth
weight of rat pups following maternal exposure dur-
ing the periods of preconception and organogenesis.
Bisphosphonates are also used in the treatment of the
skeletal manifestations of GD. Exposure is associ-
ated with potential fetal risks as it crosses the pla-
centa and may theoretically result in hypocalcemia in
the fetus. However, many cases of in utero exposure
have been reported with no adverse fetal effects,
therefore, the clinical necessity must be assessed for
each patient.?6-2#
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Women who are receiving enzyme replacement
therapy, such as alglucerase or imiglucerase, should
continue such therapy, as discontinuation has been
associated with worse outcomes. Zimran et al report
that women who were treated with enzyme replace-
ment therapy had decreased complications related to
bleeding in the intrapartum and postpartum period
compared with an untreated group of GD patients.
No adverse fetal outcomes were reported in the group
of patients who had used enzyme replacement in the
first trimester.”

The nutritional status of GD patients should be
assessed and optimized prenatally.

Supplementation of vitamin B,,, vitamin D, and
folic acid are typically necessary in affected women
and should be recommended both before and during
pregnancy. Levels should be evaluated in the second
and third trimesters and optimized as necessary. Iron
status should be followed, as significant anemia can
occur in pregnant women with GD. This is most
reliably assessed by serum iron levels and percentage
transferrin receptor saturation, as ferritin levels may
be high despite low iron levels in affected patients.
Additionally, calcium supplementation is important
preconception and during pregnancy, as pregnancy
may deplete calcium stores and result in advancing
0Steoporosis.

In patients who have undergone splenectomy, there
is an increased risk of infection; therefore, these
women should be encouraged to complete all immu-
nizations before pregnancy.?

In terms of managing GD in pregnancy, there are
multiple considerations. The underlying bone disease
and hematologic issues often worsen during the
course of pregnancy. Bone pain should be treated
with pain medication as needed, and MRI used if
indicated to evaluate any suspicion of infection or
necrosis. If there is significant bone disease or in the
presence of prosthetic joints before pregnancy, con-
sultation with orthopedic surgery is advised.?® There
have been some reports documenting increasing vis-
ceromegaly during pregnancy in those affected with
GD. Ultrasound evaluation of the liver and spleen
may be helpful if this is occurs.

Evaluation of blood count, platelet function, and
coagulation studies should be performed in each tri-
mester and should be closed at the time of delivery.
The incidence of postpartum hemorrhage is increased
in these patients, thought to be related specifically to
thrombocytopenia and platelet dysfunction. Platelet
dysfunction has been treated with desmopressin,
which induces platelet degranulation.”” Coordination
of care with a hematologist is recommended for
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patients who exhibit such hematologic abnormalities.
In addition, consultation with anesthesia is recom-
mended before delivery to discuss options and
limitations for regional anesthesia, which will be
influenced by the diagnosis of thrombocytopenia or
other coagulopathy.

Despite the multiple manifestations of GD, there
are limited data indicating adverse fetal effects spe-
cifically due to GD. If the affected woman has un-
derlying cardiac or pulmonary manifestations, these
can present an increased risk of decreased fetal
growth and need for fetal assessment in the third
trimester.*®

Patients with GD planning a pregnancy should
have genetic counseling. GD is an autosomal reces-
sive disorder, and the carrier frequency is significant
in certain populations such as Ashkenazi Jews, in
whom the carrier rate is 1 in 18. Therefore, an af-
fected woman with an untested Ashkenazi Jewish
partner would have a risk of 1/36 of having an
affected child. Prenatal diagnosis is available for
pregnancies at increased risk. If the underlying
disease-causing mutation is known, fetal DNA ob-
tained by invasive methods can be tested by mutation
analysis. If the mutation has not been identified in
affected family members, analysis of glucosylce-
ramidase enzymatic activity of fetal cells obtained by
CVS or amniocentesis can be performed.”

NEUROFIBROMATOSIS 1

Neurofibromatosis type 1 (NF1) is an autosomal
dominant disorder, with an incidence of approxi-
mately 1:3000; approximately 50% of cases are fa-
milial, whereas 50% occur as new mutations. The
disorder is characterized by the presence of pig-
mented lesions in the form of café-au-lait macules,
axillary and inguinal freckling, cutaneous neurofi-
bromas, lisch nodules of the iris, and osseus lesions.
Tumors of the spinal cord or cranial nerves can be
observed and have the potential for malignant trans-
formation. Mutations in the gene for NFI, located on
chromosome 17, are implicated in the majority of
those affected with NF1. A large degree of variable
expressivity, even within a family, can be observed
in those affected.®

The incidence of NF1 in pregnancy is similar to
that of the general population, ranging from approx-
imately 1:3000 to 5000. There does not appear to be
a decrease in fertility in affected women. Dugoff and
Sujansky reported on the pregnancy outcomes of 105
women with neurofibromatosis and their 247 preg-
nancies. In terms of the effect of pregnancy on NF1,
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the most consistent finding was an increase in growth
of new or existing neurofibromas observed in 55% to
60% of women. About 30% of these women ob-
served a decrease in neurofibroma size in the post-
partum period, suggesting a hormonal influence on
neurofibroma development.®!*?

In terms of the effect of NF1 on pregnancy, some
reports have suggested an increase in obstetric com-
plications.” In the study by Dugoff and Sujasky,
which comprises the largest reported series, women
with NF1 did not experience an increased incidence
of hypertensive disorders of pregnancy, growth re-
striction, preterm delivery, or overall perinatal mor-
tality. They did demonstrate an increased rate (36%)
of cesarean delivery, which appears to be higher than
the general population. Approximately 55% of these
cesarean deliveries were due to cephalopelvic dispro-
portion or fetal malpresentation; this was postulated
by the authors to be related to undiagnosed pelvic
neurofibromas or kyphoscoliosis of the lower spine.*!

Recent case reports have documented complica-
tions related to aggressive malignant tumors diag-
nosed in the antepartum period in affected women.
Nelson et al described a case of a mediastinal malig-
nant peripheral nerve sheath tumor in a woman di-
agnosed at 23 weeks’ gestation, which ultimately
resulted in death.*> Others have also reported malig-
nancies, highlighting the point that patients with NF1
have an increased risk of malignancy and should be
monitored closely for masses that behave differently
from other neurofibromatous growths.*® Surveillance
during pregnancy is best achieved with MRL

Although an increased incidence of obstetric com-
plications is not reported in all series, it is reasonable
to monitor women with NF1 closely for both mater-
nal and fetal well-being. Women with neurofibroma-
tosis should be assessed at their first visit for any
history of seizures or visual disturbance. If kypho-
scoliosis is noted, pulmonary function tests should be
performed to assess lung function. Because growth
of neurofibromas is common during pregnancy, the
status of large lesions, particularly those in the pelvic
area, should be monitored. Ultrasound assessment of
fetal growth is recommended, particularly in those
with pregnancies complicated by hypertension. An-
tepartum consultation with anesthesiology is recom-
mended due to frequent kyphoscoliosis and potential
challenges for regional anesthesia.’>*

Women with NF1 should undergo genetic counsel-
ing as each pregnancy carries a 50% recurrence risk.
Complete penetrance is noted in affected individuals,
but clinical manifestations can vary greatly even
within a family. If prenatal diagnosis is desired, the
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disease-causing mutation must be identified. CVS or
amniocentesis can then be performed to obtain fetal
DNA for mutation analysis. Ultrasound diagnosis of
NF1 has been reported but is not reliable as disease
manifestations can vary greatly in terms of both onset
and severity.*

TURNER SYNDROME

Turner syndrome affects approximately 1 in 2500
live-born females and results from complete or par-
tial absence of the second X chromosome, with or
without mosaicism. Characteristic phenotypic fea-
tures include edema of the hands, feet, or nuchal fold,
left-sided cardiac anomalies, cubitus valgus, low
set ears, low hairline, high arched palate, or
chronic otitis media. A diagnosis of Turner syn-
drome should also be considered in females who
have delayed puberty, primary infertility, and/or
growth failure, especially if any of the above phe-
notypic findings are present.

Prenatal diagnosis and early identification of pa-
tients with Turner syndrome have allowed improved
clinical care, and many of these individuals have
been followed from early ages by geneticists and
endocrinologists. Although pubertal development
has been observed to occur spontaneously in a
small percentage of Turner syndrome patients, ap-
proximately 90% have ovarian dysgenesis and go-
nadal failure. The use of estrogen therapy allows
breast and uterine development; this treatment is
most often coordinated under the care of a pediat-
ric endocrinologist.*

Because of the high incidence of gonadal failure,
few patients have spontaneous pregnancies. How-
ever, assisted reproduction has resulted in success-
ful pregnancies in women with Turner syndrome,
and recent studies have shown that pregnancy rates
are similar to other women who undergo infertility
treatments.

With greater use of assisted reproductive technology
(ART) in women with TS, it has been recognized that
these women face a substantial risk of maternal com-
plications, including a high rate of maternal mortality.
Such complications include an increased risk of preg-
nancy-induced hypertensive disorders as well as acute
cardiovascular issues, such as aortic dilatation and dis-
section.’” Because of these potential complications,
women with Turner syndrome should undergo a com-
prehensive cardiac evaluation before assisted reproduc-
tion or conception.*®* It has been suggested that con-
traindications to pregnancy include previous aortic
coarctation or dissection and aortic size >25 mm/m?,
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although aortic dissection in pregnancy has been re-
ported in TS women with a normal aortic root.*> Fi-
nally, exclusive single embryo transfer is preferred in
women with TS who do decide to proceed with oocyte
donation, given the increased medical risks associated
with multiple gestations. If pregnancy is attempted in
the presence of a cardiac anomaly, careful coordination
with perinatology and cardiology should take place in
the antepartum period.

From an endocrine standpoint, women with Turner
syndrome have an increased risk of diabetes and
thyroid dysfunction, and they should be tested and
monitored for these conditions during pregnancy.
Short stature is a consistent feature in women with
Turner syndrome secondary to haploinsufficiency of
short-stature homeobox-containing gene, resulting in
adult stature approximately 20 cm less than the av-
erage female adult height.*!*> Short stature and ceph-
alopelvic disproportion have been implicated in the
increased cesarean delivery rate in patients with
Turner syndrome. In a case series by Hadnott et al,
13 pregnancies were observed in a cohort of 276
patients with Turner syndrome. Of these 13 pregnan-
cies, 10 were delivered via cesarean delivery, most
due to cephalopelvic disproportion. Similar issues
have been observed in a number of other reports.*?

Fetal complications in women with Turner syn-
drome have been reported to include an increased
rate of spontaneous abortion, fetal malformation, and
chromosomal anomalies.** In the report by Hadnott
et al, of pregnancy outcomes in 13 pregnancies to
TS women, none of the infants had chromosomal
anomalies. In the 6 who were conceived with ART,
3 resulted in infants with low birth weight.* Geor-
gopoulos et al also report growth restriction in an
infant born to a woman with Turner syndrome who
underwent ART. Growth restriction may be pri-
marily related to the ART or the underlying ma-
ternal cardiovascular issues; therefore, increased
frequency of prenatal ultrasounds to monitor for
growth is warranted.®

Genetic counseling can be of benefit for a woman
with Turner Syndrome. The maternal outcome of
pregnancy in women with Turner syndrome is pre-
dominantly dictated by the underlying cardiovascular
status before conception. There may be an increased
chance of transmission of an abnormal chromosome
to offspring if the woman with TS has an abnormal X
chromosome. Because the number of reported preg-
nancies is relatively low, the precise risk of transmis-
sion to offspring is unknown.
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CYSTIC FIBROSIS

CF is an autosomal recessive disorder that results
from mutations in the CF transmembrane conduc-
tance regulator (CFTR) gene. The presence of 2
disease-causing mutations in CFTR results in dys-
function of the CFTR located on epithelial cell mem-
branes. Epithelial cell function is compromised in
multiple organs, including the respiratory tract,
exocrine pancreas, sweat glands, intestine, and hepa-
tobiliary systems, leading to the multiple manifesta-
tions observed in CF. The major cause of morbidity
in CF patients is due to pulmonary disease; chronic
inflammation related to recurrent sinopulmonary in-
fections results in damage to airways and lung pa-
renchyma. Bronchiectasis, abscesses, and cysts are
observed in affected patients, contributing to the
eventual development of respiratory failure in many
patients. Insufficient exocrine pancreatic function
produces intestinal malabsorption, and patients ex-
hibit overall compromised nutritional status with loss
of fat-soluble vitamins and zinc. Pancreatic fibrosis
and decreased islet cells contribute to the develop-
ment of CF-related diabetes mellitus (CFRD), ob-
served with increasing incidence in adult patients
with CF. Meconium ileus is observed in approxi-
mately 20% of newborns.*®

Improvements in managing the chronic medical
issues that CF patients face has resulted in an increas-
ing number of those affected reaching adulthood,
with the median survival reaching 37.4 years of age
in 2008. As such, the issues facing a woman with CF
in pregnancy have been explored in depth in the
medical literature.*” Women with CF experience de-
layed puberty and menarche related to their chronic
disease state and poor nutritional status and growth
from intestinal malabsorption. Although some
women with CF experience infertility thought to be
related to abnormal cervical mucus and anovulatory
cycles, most of them (aged 13 to 45 years) are fertile,
with the rate of live births reported at 1.9 per 100.%

The management of pregnancy in a woman with
CF requires a multidisciplinary approach. If a woman
is examined in the preconception period, it is impor-
tant to optimize the overall nutritional status, as well
as baseline pulmonary and cardiac function.

Women with CF are typically managed with a
variety of medications, including oral antibiotics,
mucolytics, and often pancreatic enzyme replace-
ment therapy. Antibiotic use should be reviewed to
ensure that none with teratogenic potential is used.
Mucolytics, such as recombinant human DNase and
hypertonic saline, are commonly used in CF patients.
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McMullen et al reviewed data from the Epidemio-
logic Study of Cystic Fibrosis (ESCF) and found that
of 24,000 individuals with CF in the United States
and Canada, there were 216 pregnancies. Approxi-
mately 39% of these women used dornase alpha, or
recombinant alpha DNase, during pregnancy. No ad-
verse outcomes were reported by these authors, al-
though this was not the objective of the article. Drug
studies conducted in nonhuman primates have not
shown transmission to the fetus or into amniotic fluid
after IV administration. Pancreatic enzyme replace-
ment therapy has not been shown to cause any
significant risk during pregnancy and is very instru-
mental in patients with CF who experience malab-
sorption due to pancreatic insufficiency.*4

Malabsorption from pancreatic insufficiency is impli-
cated in the poor nutritional status that women with CF
often exhibit. Ideally, women should receive sufficient
vitamin supplementation in the preconception period to
aid in their overall nutritional status in pregnancy. De-
spite this, the increased resting energy expenditure, in
addition to malnutrition, results in challenges in weight
gain during pregnancy. Increased risk of preterm deliv-
ery and poor fetal growth is associated with low body
mass index in pregnancy; therefore, close observation
of caloric intake and maternal weight gain is advisable.
If possible, women with CF should be at least 90% of
ideal body weight before conception. Patients with CF
are susceptible to CFRD with increasing age and there-
fore, women should be screened early in pregnancy for
gestational diabetes if they do not already have a diag-
nosis of CFRD before conception. Balancing the com-
peting issues of increasing maternal weight gain while
managing CFRD is complex, and using the aid of a
nutritionist familiar with CF is critical.’

The pulmonary issues facing women with CF are
significant and may be complicated further due to preg-
nancy. There have been a number of conflicting studies
reporting the influence of pregnancy on underlying lung
function and the affect of compromised lung function
on pregnancy. The consensus of multiple studies seems
to indicate that women with mild-to-moderate pulmo-
nary disease, typically defined as forced expiratory vol-
ume in 1 second (FEV1) >60%, are not associated with
increased maternal morbidity during pregnancy. Severe
lung disease, with pulmonary hypertension or cor pul-
monale, is associated with increased incidence of ad-
verse maternal outcomes. There has not been a strict
FEV1 value under which pregnancy is contraindicated,
but the baseline pulmonary function should be taken
into consideration together with other aspects of the
patient’s clinical status. Pregnancy has not been consis-
tently implicated in accelerated decline in lung function
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in patients with CF. Baseline evaluation of pulmonary
status is warranted and should include a chest radio-
graph, pulmonary function tests, arterial blood gases,
and sputum cultures. Coordination of care with pul-
monology is advised to enhance outcomes for patients
with CF. Patients should undergo serial PFTs during
pregnancy as indicated by the patient’s baseline pulmo-
nary status.>*>!

In terms of fetal outcome, preterm labor has been
reported in approximately 25% of pregnant CF pa-
tients. This may be related to poor nutritional status
and decreased weight gain in the mother. Severely
compromised maternal lung function can lead to
iatrogenic prematurity if preterm delivery is neces-
sary for maternal health. Frequent assessment of fetal
growth should be performed in addition to fetal sur-
veillance in the third trimester.*’-3%5253

Limitations of the labor and delivery process will
likely be determined by the underlying pulmonary
function in the patient with CF. Consultation with
anesthesiology before labor is advisable since the
patient may have underlying pulmonary or cardiac
dysfunction. Cesarean delivery is not recommended
unless necessary for obstetric indications.>">*

Affected women in the preconception period
should undergo genetic counseling. Offspring of
women with CF are obligate heterozygotes. Because
of the high carrier frequency in certain populations, 1
in 25 in whites, there is a considerable likelihood for
heterozygous status in the partner, increasing the
chance of having an affected infant. Determining
carrier status of the partner may be more challenging
depending on ethnicity, as there is variation in sen-
sitivity of the available genetic screening tests.
Women should be aware that although negative
screening tests in a partner decrease the risk of hav-
ing an affected child, some residual risk remains
because of limitations of current mutation testing.*®

SUMMARY

Increasing numbers of women with inherited ge-
netic disorders are now surviving to adulthood and
pursuing pregnancy, either spontaneously or through
assisted reproduction. Women with chronic medical
conditions and those with complex syndromes fre-
quently benefit from an integrated, multidisciplinary
approach to management. In many cases, relatively
few pregnancies have been reported with a given
condition, and there are few data available on which
to base management decisions. Many women will
have been cared for by a geneticist and other subspe-
cialists, including these providers in management
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decisions will take advantage of their experience
with a given patient’s disease process and history. A
thoughtful approach to labor and delivery, including
antenatal consultation with anesthesiology, is often
of benefit. In some cases, a given disorder may be
associated with a high maternal and perinatal mor-
bidity and mortality rate, and for some women adop-
tion or surrogacy may be the best option for pursuing
a family. Preconception consultation is of particular
value for women with genetic disorders and should
be encouraged by providers as these patients reach
reproductive age and begin to consider pregnancy.
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