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Pregnancy in Marfan Syndrome

Maternal and Fetal Risk and Recommendations for Patient Assessment
and Management

Sorel Goland, MD,* Mohamad Barakat, MD, ] Nudrat Khatri, MBBS, 1} and Uri Elkayam, MD7}

Abstract: Pregnancy in women with the Marfan syndrome (MFS) is asso-
ciated with the potential for a catastrophic and even fatal acute aortic
dissection and the risk of having a child who will inherit the syndrome. The
approach to pregnancy in patients with MFS is therefore challenging and
deserves special considerations. This article presents an extensive review of
available clinical information and provides recommendations for the man-
agement of patients with MFS during pregnancy.
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arfan syndrome (MFS) is an autosomal dominant hereditary

disorder of the connective tissue'™ in which involvement of
the cardiovascular, skeletal, ocular and other systems may be
present. Pregnancy in MFS presents challenges to the clinician
because of the increased incidence of maternal cardiovascular com-
plications and the involvement of the fetus. The purpose of the
article is to present an update on available information relevant to
pregnancy in women with MFS, and to provide recommendations
for clinical management.

EPIDEMIOLOGY AND ETIOLOGY OF MARFAN
SYNDROME

In the United States, the estimated prevalence of this disease
is 4 to 6 cases per 10,000 persons, affecting both genders equally.’
Eighty percent of patients have some cardiovascular involvement,
which includes aortic dilatation (mainly of the ascending part),
aortic regurgitation, and mitral and tricuspid valve prolapse with or
without regurgitation.> In the past, life expectancy in patients with
MFS was reported to be greatly reduced (2/3 that of unaffected
individuals).® Recent studies, however, have described significantly
better life expectancy because of improved medical and surgical
treatment.” Causes of death are predominantly cardiovascular and
include aortic dissection and rupture.®

MEFS is caused by a mutation in the gene for MFS (FBN1) on
chromosome 15q21' encoding the extracellular matrix protein
called fibrillin-1."* Recently, heterozygous mutations have also
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been identified in the gene encoding tissue growth factor-f3 receptor
2 (TGFBR2) on chromosome 3p24.2-25.% Whereas the disorder
segregates as a dominant trait in 65% to 75% of families, the rest of
cases are sporadic and caused by a de novo mutation. Although MFS
results from mutations in the FBN1 gene, molecular testing for the
FBN1 mutation is neither sensitive nor specific for MFS and the
diagnosis therefore is still based on clinical criteria.” The recognition
that many individuals with MFS do not have the FBN1 mutation led
in 1996 to a revision of the diagnostic criteria for the Marfan
syndrome (Table 1).>'® Major criteria are found infrequently in the
general population, and therefore carry limited diagnostic sensitivity
but high specificity. Because of multisystem involvement, evalua-
tion of patients with possible MFS must involve a multidisciplinary
approach by specialists in cardiology, ophthalmology, radiology,
and clinical genetics.

CARDIOVASCULAR RISK OF PREGNANCY IN
MARFAN SYNDROME

Risk for the Mother

The most serious complication in patients with MFS is aortic
dissection, and pregnancy has been shown to be associated with a
substantial increase in the risk of this complication."'™'* This in-
creased risk is caused by the maternal cardiovascular changes of
pregnancy such as an increase in blood volume, heart rate, and
stroke volume.'* In addition, hormonally mediated histologic
changes occur in the aorta, including a decrease in the amount of
mucopolysaccharides and the loss of elastic fibers in the aortic
wall.'® The increased risk of complications of MFS associated with
pregnancy were initially described by Pyeritz in 1981 in a review
which included 32 women with both the Marfan syndrome and at
least 1 pregnancy.'® Of these women, 20 developed acute dissection
or rupture and died during pregnancy or during the peripartum and
postpartum periods. Most of these patients had pre-existing cardio-
vascular abnormalities, including aortic dilatation, aortic regurgita-
tion, coarctation of the aorta, hypertension, cardiomegaly, and patent
ductus arteriosus. In a more recent review of the literature, we
reported on 15 additional cases of pregnancy in women with MFS.'?
Among these cases, 10 were reported to have cardiovascular com-
plications during pregnancy, including proximal and distal dissec-
tions of the aorta with the occasional involvement of the iliac and
coronary arteries, as well as dilatation of the ascending aorta leading
to the development of aortic regurgitation and congestive heart
failure. Most women developed cardiac complications in the second
and third trimesters, although aortic dissection occurred in isolated
patients a few days after conception as well as during labor and after
delivery and resulted in 2 maternal deaths. Uncomplicated C-section
delivery was performed prior to surgery in 3 women in whom
surgical repair was performed successfully 3 days to 6 weeks after
delivery, whereas in 2 patients surgery was done during pregnancy.
Another review reporting on cases of aortic dissection in pregnant
women with MFS and bicuspid aortic valve disease described 16
Marfan cases with type A dissection.'” In this report, the mean age
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TABLE 1. Ghent Diagnostic Nosology
System Major Criteria Minor Criteria
Skeletal At least 4 of the following features: 2 of the major features, or 1 major feature and 2 of the following:
Pectus carinatum Pectus excavatum
Petus excavatum requiring surgery Joint hypermobility
ULSR <0.86 or span: height >1.05 High palate with dental crowding
Wrist and thumb signs Characteristic face
Scoliosis >20° or spondylolisthesis
Reduced elbow extension (<170°)
Pes planus
Protrusion acetabulae
Ocular Lens dislocation (ectopia lentis) Flat cornea
Increased axial length of globe (causing myopia)
Hypoplastic iris or ciliary muscle (causing decreased miosis)
Cardiovascular Dilatation of aortic root Mitral valve prolapse
Dilatation of the pulmonary artery, below age 40
Calcified mitral annulus, below age 40
Other dilatation or dissection of the aorta
Pulmonary None Spontaneous pneumothorax
Apical blebs
Skin/integument None Striae atrophicae
Recurrent or incisional hernia
Dura Lumbosacral dural ectasia None
Genetic findings Parent, child or sibling meets these criteria independently None

Fibrillin 1 mutation known to cause Marfan syndrome
Inheritance of DNA marker haplotype linked to Marfan

syndrome in the family

Having one of the features listed constitutes a major criterion or minor criterion for all systems except the skeletal system, where more than one feature is needed.
The diagnosis of MFS requires major criteria in one organ and minor criteria (involvement) of another when a positive family history or genetic testing for FBNI is present.
In the absence of family history, major criteria in 2 organ systems and the involvement of 3rd are required for diagnosis.

ULSR indicates upper to lower segment ratio.

De Paepe et al: Revised diagnostic criteria for the Marfan syndrome. Am J Med Genet 1996;6:417—426.

was 30 * 4 years, mean gestational week was 31 * 6 weeks, and the
mean aortic root diameter was 4.8 = 0.8 cm, and all but 2 women
delivered by C-section. There was no maternal death, however fetal
deaths were reported in 3 cases, poor outcome in 1, and intracranial
hemorrhage was reported in 2 patients (30 minutes and 6 weeks after
delivery).

In reviewing the recent English literature of the last decade,
we found an additional 39 cases of women with MFS who experi-
enced pregnancy-related complications (Table 2). The individual
characteristics of this population are presented in Table 3.'83¢ The
mean age was 30 * 4 years, 29 women had an acute aortic
dissection involving the ascending aorta in 19 of the cases, descend-
ing aorta in 8, and both in 2. In 19 patients, dilatation of aorta was
diagnosed prior to pregnancy and 4 had a history of aortic surgery.
Eight women were diagnosed with MFS only after the occurrence of
complications. Five patients developed acute dissection before week
20 of gestation (13-20 weeks), 18 patients between 24 and 40
weeks, and 6 patients after delivery (between the day of delivery to
3 months post partum). In addition, 5 patients developed progressive
dilatation of the ascending aorta requiring surgery during pregnancy,
2 patients had a chronic distal dissection which remained stable
during pregnancy, and 1 showed an extension of distal dissection, 1
week postpartum. In addition 2 patients had intracranial hemor-
rhage postpartum (30 minutes and 6 weeks after delivery).
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TABLE 2. Women With MFS Who Experienced Pregnancy
Related Complications Published Between 1995 and 2007

Number 39
Mean age (yr) 304
Acute aortic dissection 29
Type A 19
Type B 8
Type A and B
Timing of dissection
Weeks 13-20 5
Weeks 2440 18
After delivery
Progressive aortic dilatation 5
Intracranial hemorrhage postpartum 2
Prior distal aortic dissection
Stable during pregnancy 2
Extension 1 wk post partum 1

Maternal and fetal mortality was reported in 2 patients, whereas
in 2 cases aortic dissection resulted in fetal loss in spite of
maternal survival. In the majority of patients who developed
dissection during pregnancy, delivery was done by C-section.
Information regarding the time of surgery was available in 28
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patients and was prior to delivery in 6 women, after the delivery
in 15, and immediately after C-section in 7.

What is the expected rate of complications in women with
MES during pregnancy? Although most of the published reports
have described severe complications in women with MFS during
pregnancy, this information probably provides an overrepresentation
of pregnancy-related complications in a high-risk population caused
by a bias toward reporting complicated rather than uncomplicated
cases. Such an assumption is supported by a number of publications,
which demonstrate a significantly lower rate of complications.
Pyeritz'® showed only a low risk for maternal complications and
death in a retrospective analysis of 105 pregnancies in 26 patients
with MFS and prospective follow-up of 10 patients who had mini-
mal or no pre-existing cardiovascular disease. Rossiter et al'®
prospectively evaluated 45 pregnancies in 21 women with MFS;
aortic dissection occurred in only 2 cases and the rest of patients
with aortic diameter <4.0 cm tolerated pregnancy well. More
recently, Libscomb et al*® reported the outcome of 91 pregnancies in
36 women with MFS and described the occurrence of aortic dissec-
tions in 6 of these patients. In a prospective study of 127 women
with MFS, 23 were followed by measurement of their aortic root
diameter during 33 pregnancies and were compared with 22
matched childless women.>’ During 6.4 years of follow-up, no
significant difference in growth of the aortic root was obtained and
only 1 woman with previous type A dissection developed type B
dissection during her second pregnancy. The authors concluded that
pregnancy is relatively safe in women with an aortic root diameter
of <4.0 cm.

Risk for the Fetus

The risk of transmission of MFS to the offspring is at least
50%. Based on a report by Lind and Wallenburg?” who also
included infants with late diagnosis, 69% of infants of mothers with
MFS were found to be affected. Because of the variability in clinical
presentation of this disease, severe expression of the syndrome can
occur in an offspring of a mother with a relatively mild presentation.
It should be noted that development of aortic dissection in the
mother carries a substantial risk to the fetus.'>'” Among the cases
presented in the current review, intrauterine fetal death occurred in
4 patients with aortic dissection during pregnancy, and 1 case was
reported to have fetal brain atrophy.'® 22¢ In addition to the fetal
complications described above, MFS has also been associated with
a higher rate (40%) of obstetric complications, such as premature
delivery, mainly because of premature rupture of membranes and
increased mortality in the offsprings.®®

DIAGNOSIS OF MARFAN SYNDROME IN THE FETUS

Mutation or linkage analysis can be used for the prenatal
diagnosis of MFS,** which can also be accomplished by chorion
villus sampling or amniocentesis (cell culture) in affected fami-
lies.*"**> Because almost 400 mutations have been reported in
FBNI1, almost every patient has a unique mutation, and therefore
there is still no reliable diagnostic test.” In addition to the genetic
linkage, which can be done in early gestation, echocardiography
may be used in the 3rd trimester to diagnose cardiac manifestations
of MFS in the fetus, such as atrioventricular valve regurgitation and
dilatation of the aortic root and pulmonary artery.** Prenatal diag-
nosis has been performed until now in familial cases by linkage
analysis. Recently, mutation detection has become available with
thorough screening methods, however, about 10% of mutations that
cause MFS can be still missed.** Moreover, molecular diagnosis
cannot predict the clinical severity of the disease.*'
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PRECONCEPTION COUNSELING

Unfortunately, based on previous published data, preconcep-
tion counseling took place in only 25% of pregnant women with
MFS and in no patient among 5 who had aortic dissection.?’

The management of pregnancy should be started, ideally,
prior to conception. Preconception counseling has to draw attention
to the risk of pregnancy in both the mother and the child. Women
with MFS should be consulted before conception about potential
pregnancy-related complications and the high risk of transmission of
MEFS to the offspring. Because of various clinical presentations of
this disease, it must be noted that even in mildly affected women, a
more severe expression of MFS can be expected.® The patient
should be also informed about the possibility of prenatal diagnosis,
using both genetic linkage and fetal echocardiography.''=°~** Mu-
tation or linkage analysis can be used for prenatal diagnosis,*®
however, because almost every patient has a unique mutation, the
diagnostic reliability of these tests are limited. Parents also have to
know that because of the phenotypic variability, the molecular
diagnosis cannot predict clinical severity of the disease. They also
should be informed about 1% risk of fetal miscarriage because of
sampling for genetic testing. During the preconception consultation,
physicians should carefully counsel the woman and her family about
possible morbidity during and after pregnancy. Women with MFS
should be evaluated for cardiovascular abnormalities by both trans-
thoracic and transesophageal echocardiogram,***> or by CT or MRI
for assessment of both the ascending as well as the descending aorta
before pregnancy.*® These complications appear more likely in
patients with aortic root dilatation (>4.0 cm) or rapid progression of
the dilatation or previous dissection of the ascending aorta.'”-'®
However, dissection in pregnant women with normal size of the
aorta has been reported,”>*° indicating that event-free pregnancy
cannot be guaranteed to any patient with MFS. Thus, patients should
be told about the 1% complication rate when the aortic root diameter
is <4.0 cm and up to 10% in those with ascending aorta >4.0
cm.'”?° Based on most series, aortic dissection occurred in MFS
women in their third decade of life, therefore it is advisable to plan
a pregnancy at a younger age.”"'” It should also be emphasized that
although the surgical techniques and surgical results have improved
over the last decade, surgery during pregnancy still carries a risk for
the mother and fetus. Elective aortic root replacement can be
performed with low morbidity and mortality*”~*°; for this reason,
women with MFS who have an indication for elective surgery,
should undergo aortic root replacement prior to pregnancy. The
women and her family should also be informed prior to pregnancy
of the need for close follow-up during gestation as well as the need
to use beta-blockers and possibly other cardiac medications and the
potential side effects to the fetus. Women with prior aortic valve
replacement with a mechanical prosthesis should be informed on the
risk and the complexity of anticoagulation during pregnancy.>°

SURGICAL TREATMENT AND PREGNANCY

The leading cause of morbidity and mortality in MFS is aortic
dissection, and prophylactic surgery is indicated to prevent this
complication. Current recommendations call for surgical repair of
the ascending aortic dilatation if it exceeds 5.5 cm in patients
without MFS, and 5.0 cm in pts with MFS.**=*! In patients with aorta
<5.0 cm, surgical intervention can be considered with rapid growth
of the aortic diameter, a family history of premature aortic dissec-
tion, and the presence of more than mild aortic regurgitation.*®

Recently, new guidelines for pregnant women with MFS were
established®® recommending that women with aortic diameter >4.0
cm be informed about the 10% risk of dissection, as well as
recommending that elective preventive surgery be performed before
pregnancy in patients with aortic root >4.7 cm, to reduce the
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complication rates. Previous studies reported favorable maternal and
fetal outcomes during pregnancy which were associated with min-
imal aortic enlargement (<4.0 cm).'”"'2° The more recent prospec-
tive study found that pregnancy is relatively safe with aortic root
diameter <4.5 cm.>”

Outcomes of Surgery

Gott et al presented the outcomes of 675 patients with MFS
who underwent surgery in 10 centers with special expertise in aortic
surgery.*® The 30-day mortality was 1.5% for elective surgery and
11.7% for an emergency operation, and the overall 5 year survival
was 91%, however, 10% of patients required subsequent distal aortic
surgery. Because of the young age of patients with MFS, a mechan-
ical valve prosthesis was used, except for special cases, which
include women planning pregnancy. A valve-sparing aortic root
replacement has been advocated®®->* in patients with MFS, and the
safety and long-term durability of this procedure has been report-
ed.>® Long-term survival has been excellent and the rate of compli-
cations low, however the durability of this procedure may be
somewhat limited, with 17% of patients requiring reoperation by 10
years.>® Thus, this technique can be a reasonable alternative for
pregnant women and women of childbearing age who are planning
a pregnancy and are willing to accept the risk of possible reoperation
in the future.

Successful surgery during gestation or shortly after delivery
has been reported in a number of women for a marked dilatation of
the aorta®” and for aortic dissection,'#!'7-21-23-2935

A retrospective analysis'” of outcomes of 16 pregnant women
with MFS complicated by aortic dissection has found that an
enlarged aortic root >4.0 cm or an increase of aortic root diameter
during pregnancy was associated with a risk of Type A dissection.
Of note, an impressive decrease in maternal and fetal mortality over
the years was described with maternal mortality decreasing from
30% in 1990-1994 to 0% in 2002-2004 and fetal mortality from
50% to 10%. It should be recognized, however, that cardiac surgery
in general, and aortic surgery in particular, have been shown to
result in increased fetal loss.'”2°->® For this reason, if fetal maturity
can be confirmed, a C-section should be done before or concomi-
tantly with thoracic surgery.'®!”

MEDICAL THERAPY

A number of studies have demonstrated that B-blockers, such
as propranolol, atenolol, or metoprolol, increase aortic distensibility,
and reduce aortic stiffness and pulse wave velocity, especially in
young patients and in those with aorta root diameters <4.0cm.>” 62
Several preliminary studies®®~®* have suggested that B-blocking
agents may also have a beneficial effect on the rate of aortic root
dilatation in children and adolescents. These initial results were
supported in reports by Shores et al>® and Rossi-Foulkes et al,*® who
showed that patients receiving B-blockers had slower aortic root
absolute growth and a significantly reduced rate of complications,
such as aortic regurgitation, aortic dissection, cardiovascular sur-
gery, congestive heart failure, and death.

The applicability of these findings to pregnant patients needs
to be studied in more detail, but on the basis of available informa-
tion, the prophylactic use of B-blockers during pregnancy seems to
make a good clinical sense. Beta blockers have been extensively
used during pregnancy to treat various conditions,®>’? including
hypertension, thyrotoxicosis, hypertrophic cardiomyopathy, and ma-
ternal and fetal supraventricular tachyarrhythmias. Although the
overall experience with these drugs in pregnancy has been favorable,
potential side effects, including fetal growth retardation, bradycar-
dia, hypoglycemia, hyperbilirubinemia, and apnea at birth in the
newborn, have been reported.””' Such side effects should be
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anticipated by the clinician. It has been shown that propranolol given
to pregnant women blocks the inhibitory effects of epinephrine on
myometrial activity. The nonselective 3-blocking effect of propran-
olol may, therefore, facilitate an increase in uterine activity. Al-
though the clinical relevance of these findings is not clear, the use of
Bl-adrenergic receptor-blocking agents, such as metoprolol and
atenolol, may be preferred during pregnancy.”>”>

It is recommended that in the nonpregnant patient, B-blockers
be up titrated to a resting heart rate of <60 bpm. Because heart rate
is increased during gestation, the dose should be titrated to reduce
resting heart rate by at least 20%.

B-Blocking agents are excreted in breast milk.”®> Although the
use of these drugs has a potential adverse effect, the benefit of
decreased mortality in mothers with MFS is likely to outweigh the
risks for the baby. For this reason, and unless hepatic function is
markedly impaired, breast-feeding should not be discouraged.

Standard medical therapy for acute aortic dissection includes
the use of intravenous nitroprusside and B-blockers to control blood
pressure and decrease left ventricular contractility, and thus reduce
ejection velocity and minimize shear forces. The use of nitroprusside
during pregnancy, however, may lead to thiocyanate toxicity to the
fetus,’* thus the gestational use of hydralazine to control blood
pressure is preferred. Hydralazine has been used extensively to
control blood pressure during pregnancy, and its safety has been
well established.”

Follow-Up During Pregnancy

Follow-up of women with MFS with no dilation of the aorta
should be done on a monthly basis with echocardiographic evalua-
tion of the size of the aorta each trimester and prior to delivery.”” In
patients with aortic root dilatation (>4.0 cm), progressive dilatation
during pregnancy or a history of surgery for aortic dilatation or
dissection prior to pregnancy, an echocardiographic examination
should be performed every 4 to 6 weeks. MRI is considered safe
during pregnancy, as magnetic energy has been shown not to be
harmful for the developing fetus.”®”” For this reason MRI can be
used for evaluation of the aorta during pregnancy in cases when
echocardiography is not able to provide sufficient information.

LABOR AND DELIVERY

Vaginal delivery can be safely performed in patients with
MFS who have no cardiovascular involvement or stable minimal
aortic dilatation (<4.0 cm). In these patients, C-section should be
reserved for obstetrical indications.?® At the same time, however, to
reduce the stress of labor, epidural anesthesia to minimize pain and
forceps or vacuum to shorten the second stage of labor are recom-
mended. Both systolic and diastolic blood pressures increase mark-
edly during uterine contractions and pain,'* and these changes
should be anticipated and prevented with epidural anesthesia and
B-blocking or vasodilator agents. It should be noted that lumbosacral
dural ectasia is present in about 70% of patients with MFS and
therefore an anesthesiology consultation is advised to plan the
appropriate anesthesia prior to delivery.'' Patients with aortic dila-
tation =4.0 cm or with progressive dilatation of aorta during
pregnancy are at high risk for aortic dissection and elective C-
section with epidural®® or general anesthesia’® is preferred to min-
imize the hemodynamic changes associated with vaginal delivery. If
an aortic root =5.0 cm is diagnosed in the later stage of pregnancy,
surgery should be preformed a few days after delivery, if possible.
In the case of an urgent need for surgery (type A aortic dissection),
to prevent an unfavorable fetal outcome, emergency delivery of
the fetus by a C-section is recommended, followed by cardiac
surgery.17’22‘24‘29’30
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