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1 | INTRODUCTION

Bernard Gros, MD, FACC

Abstract

A well-established association exists between acute aortic dissection and pregnancy, particularly in
women with Marfan syndrome. However, there is debate regarding appropriate management
guidelines. In particular, there are differing opinions regarding when prophylactic aortic root repair
should be recommended as well as the efficacy of beta blockers in this clinical scenario. The cur-
rent study evaluated 10 years of published literature (2005-2015) in the PubMed/Medline
database. Fifty articles, describing 72 cases of women who presented with aortic dissection in the
antepartum or postpartum period were identified. Comparisons on demographic variables and clin-
ical outcomes between cases of women with Marfan syndrome (nh= 36) and without Marfan
syndrome (n = 36) were conducted. There were no significant differences in demographics (age,
gravidity, parity) between the Marfan and non-Marfan cases. Marfan patients presented with ante-
partum dissections significantly earlier in pregnancy than those without Marfan syndrome
(P =.002). However, there were no significant difference between the 2 groups in maternal mor-
tality, fetal mortality, or obstetric outcomes (mode of delivery and gestational age at delivery).
Eight cases described events in Marfan women with an aortic root diameter <40 mm. Six events
occurred in Marfan women who were managed with beta blockers. Current guidelines rely on aor-
tic root diameter for stratification of Marfan women into risk categories, but we identified several
cases that would be missed by these guidelines. Specifically, the existing literature suggest that
women with Marfan syndrome should take precautions throughout pregnancy, rather than the

third trimester.
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Nearly half of these deaths are due to aortic dissection, and half of all

aortic dissections in women younger than 40 years are related to pre-

Pregnancy is an inherently hypervolemic and hyperdynamic cardiovas-
cular state.? Physiologic changes during pregnancy include increases in
maternal blood volume, heart rate, stroke volume, and cardiac output.
Pregnancy-related elevations in estrogen and progesterone may
decrease the amount of mucopolysaccharides and elastic fibers in the
tunica media of the aorta, resulting in an average increase in aortic root
diameter of 1 mm in healthy patients.>™* These pregnancy-related
increases in aortic root diameter appear to be more pronounced in
patients with Marfan syndrome (MFS), with an average increase of
3 mm in diameter.’ Because of the physiologic changes associated
with pregnancy, cardiovascular disease complicates 1%-3% of pregnan-

cies and is the second most common cause of maternal mortality.®

gancy.” Schnitker first described the relationship between aortic dissec-
tion and pregnancy.® This association persists throughout the
literature, but it has been suggested that it may be an artefact of selec-
tive reporting.”1°

The composite risk from Marfan syndrome and pregnancy
increases the likelihood of acute aortic dissection (AAD) in these
patients.** Current recommendations from the World Health Organiza-
tion (WHO) classify women with MFS into 4 risk categories based on
the extent of their cardiovascular condition (Table 1).12 The WHO clas-
sifications are primarily based on aortic root measurements, as this is
believed to be the greatest risk factor for the development of AAD.

However, even with a preconception aortic diameter less than 40 mm,
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TABLE1 WHO pregnancy classifications for women with Marfan syndrome?

Risk category Qualifications

WHO | Mitral valve prolapse

WHO I Aortic root diameter <40 mm
WHO I Aortic root diameter 40-45 mm
WHO IV Aortic root diameter >45 mm

2

Treatment recommendations®
Echocardiography every 4-8 weeks
Vaginal delivery unless otherwise indicated
Echocardiography every 4-8 weeks
Consider cesarean delivery

Prophylactic surgery prior to conception

Consider prophylactic surgery during pregnancy

2All women with MFS should be advised on the risks of AAD and transmission to children.

there is a 1% risk of dissection during pregnancy.’® This risk is
increased to 10% with an aortic diameter >40 mm.}* The American
College of Cardiology recommends that women who are contemplating
pregnancy should undergo prophylactic aortic repair if the diameter of
their aortic root exceeds 40 mm (Level C).'> The Canadian and Euro-
pean guidelines recommend that women who are contemplating preg-
nancy undergo prophylactic aortic repair if their aortic root diameter
exceeds 45 mm.121¢

Delivery guidelines for women with MFS are based on aortic
root diameter. Women with an aortic root <40 mm are advised
toward vaginal delivery.'”*® Women with an aortic root diameter
>45 mm should be delivered by cesarean section. The evidence is
less clear for delivery modality in women with an aortic diameter of
40-45 mm. The WHO guidelines recommend that clinicians con-
sider cesarean for these women, but other studies suggest that vag-
inal delivery with an expedited second stage of labor can be
used.”*>1? Women with MFS are at an increased risk of dissection
for at least 6 months during the postpartum period, but some stud-
ies suggest that this risk may remain elevated for at least 1 year
after delivery.*®

Several previous studies have evaluated the incidence of AAD during
pregnancy in women with MFS (Table 2).5131820-28 | tota], these 12 stud-
ies evaluated 1271 pregnancies in at least 832 women with MFS. Thirty-
nine of these pregnancies were complicated by an AAD. The composite
incidence of aortic dissection in these studies constitutes a risk of 3.07%
for AAD during a pregnancy for a woman with Marfan syndrome. This
value does not consider factors such as beta blocker usage, prophylactic
aortic repair, and aortic root size. Additionally, many women with MFS and
a dilated aortic root are advised to avoid pregnancy.'>*3*® For these rea-
sons, the true risk of AAD during pregnancy for women with MFS may be
underestimated, especially for those with a dilated aortic root.

We will analyze the published literature that describes cases of
AAD in the antepartum and postpartum period. Published cases of
pregnancy-related AAD will be compared between cases with and
without a diagnosis of Marfan syndrome. Our aim is to evaluate the
demographics, presentation, and outcomes of these cases to elucidate
the factors that may contribute to the development of aortic dissection
during pregnancy in women with MFS. From this information, we hope
to identify the key factors that obstetricians and cardiologists should

consider when treating pregnant Marfan women.

TABLE 2 The incidence of AAD in published population-based studies on pregnancy in Marfan syndrome

Year Marfan cases (n) Pregnancies (n) Aortic dissections (n)
Pyeritz et al.»® 1981 26 105 0
Rossiter et al.° 1995 21 45 2
Lipscomb et al.* 1997 36 91 4
Lind and Wallenburg®? 2001 44 78 5
Meijboom et al.*® 2005 23 33 1
Meijboom et al.?® 2006 122 142 1
Pacini et al.?* 2009 85 160 7
Katsuragi et al.>® 2011 28 28 11
Donnelly et al.® 2012 69 199 0
Omnes et al.® 2013 18 22 1
Curry et al.?” 2014 21 29 1
Hassan et al.?® 2015 not given 339 6

Total 832 1271 39
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2 | METHODS

We searched the PubMed/Medline database (January 2005-November
2015) for English-language articles containing combinations of the fol-
lowing terms: “aortic dissection”; “Marfan syndrome”; “aortic aneu-
rysm”; and “pregnancy.” The search for “Marfan syndrome” and
“pregnancy” yielded a total of 143 results (63 case reports); the search
for “aortic dissection” and “pregnancy” yielded 214 results (76 case
reports); and the search for “aortic aneurysm” and “pregnancy” yielded
222 results (109 case reports). A total of 248 case reports and case
series were retrieved. Of these studies, 198 articles were ruled out
based on title and/or abstract or were repeated across the database
searches. Case reports and case series were included in our analysis if
the patient had an acute aortic dissection during pregnancy or during
the first 12 months postpartum. The 12-month postpartum cutoff was
chosen because it is in accordance with other similar studies.?> Only
cases that resulted in a dissection were included in this analysis.

We identified 50 articles that fit our inclusion criteria (41 solitary
cases and 9 case series).??””? The 50 articles yielded a total of 72
patients who met the inclusion criteria (AAD during pregnancy or
within 1 year postpartum). When available, data for the following
parameters were extracted from the articles: maternal age, gravidity,
parity, Marfan syndrome diagnosis, aortic root measurements, Stanford
type, weeks gestational age (WGA) at dissection, mode of delivery,
WGA at delivery, maternal outcome, fetal outcome, surgical manage-

ment, and medical management.

2.1 | Statistical analysis

Continuous variables (age, gravidity, parity, WGA at dissection,
WGA at delivery, aortic root measurements) are reported using
descriptive statistics (mean = standard deviation or median and
range, as appropriate) and between group comparisons of the MFS
and non-MFS patients were conducted with an independent T-test.
Associations of dichotomous variables (Stanford classification,
delivery method, maternal outcome, fetal outcome) between the
MFS and non-MFS patients were conducted with a Chi-square test
(X?) and reported as frequency and percentage. For this study, all
statistical tests were 2-tailed and statistical significance was defined
as a P-value < .05. Statistical tests were conducted in SPSS 22.0.8°

3 | RESULTS

Of the 72 patients included in this study, 36 patients were diagnosed
with MFS and 36 of the patients were not diagnosed with MFS. The
cases were stratified into “MFS” and “non-MFS” groups based on this
variable. The mean age =+ standard deviation (SD) of the sample was
32.21 +4.70 (32.50 = 4.46 in the MFS group, 31.92 + 4.92 in the non-
MFS group, P=.605). The average parity of the entire sample was
0.98 = 1.03 (1.04 = 1.21 in the MFS group, 0.90 = 0.77 in the non-
MFS group; P = .6597). The average gravidity of the entire sample was
2.18+1.23 (242 + 1.38 in the MFS group, 1.90 = 0.94 in the non-
MFS group; P =.1729). Seventeen of the patients were nulliparous (10
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TABLE 3 General demographic data from the case reports analyzed
in this review

MFS Non-MFS
cases cases All cases
(n=36) (n=36) (h=72) P value

Patient age (years)

Mean = SD 32.50+4.46 31.92+4.92 3221+470 .6047
Median 325 32 32
Range 23-41 22 - 40 22 -41

Obstetric history®

Gravidity
Mean += SD 242+138 190+0.94 218+1.23 .1729
Median 2 2 2

Parity
Mean = SD 1.04+121 0.90+0.77 098+1.03 .6597
Median 1 1 1
Nullipara (n) 10 7 17

2Obstetric history was not reported for 12 of the MFS cases and 16 of
the non-MFS cases.

in the MFS group, 7 in the non-MFS group). Obstetric history could
not be obtained for 28 of the patients. General demographic data can
be found in Table 3.

Most of the acute aortic events occurred in the third trimester
(n =40, 55.6%) and the postpartum period (n =21, 29.2%) (Table 4).
Several patients presented during the second trimester (n =9, 12.5%).
Few presented with a dissection in the first trimester (n = 2, 2.8%). The
timing of presentation differed between the MFS and non-MFS groups.
In the MFS group, half of the patients presented in the third trimester
(n =18, 50.0%), and an equal number of patients presented with sec-
ond trimester and postpartum dissections (n = 8, 22.2%). Two patients
in the MFS group presented with a dissection in the first trimester
(n=2, 5.6%). The earliest and latest events in the MFS group were 7
WGA and 7 months postpartum, respectively. In the non-MFS group,
most patients presented during the third trimester (22, 61.1%) and
postpartum (n = 13, 36.1%). One patient in this group presented with a
dissection during the late second trimester, at 26 WGA (n =1, 2.8%).
The latest event in the non-MFS group was at 2 months postpartum.

For all antepartum events, the mean = SD WGA at dissection for the
MFS (n=28) and non-MFS (n=23) groups were 27.71+8.00 and
33.74 = 3.72, respectively (P = .002). This represents a statistically signifi-
cant difference in the timing of antepartum aortic dissections between
pregnant women with MFS and without MFS. The median WGA at dis-
section for antepartum events in the MFS group was 29.5 (range 7-38);
the median WGA for the non-MFS group was 33 (range 26-41 WGA).

Postpartum events were analyzed in a similar manner. The
mean + SD days after delivery for postpartum dissections in the MFS
group (n = 8) was 44 + 78.50; in the non-MFS group (n = 13), these val-
ues were 11.23 = 14.78, P = .280). The large standard deviation in the
MFS group for postpartum dissections can be attributed to 2 outliers of
dissections at 7-months postpartum and 4-months postpartum.3°>* The
median values for days after delivery for presentation with a postpar-
tum dissection were 5.5 days (range 1 day-7 months) in the MFS group
and 7 days (range 1 day-2 months) in the non-MFS group.
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TABLE 4 Aortic parameters from case reports

SMITH anpo GROS

MFS cases Non-MFS cases All cases
Odds ratio

(n=36) (n=36) n=72) P value (confidence interval)
Stanford classifications n (%) n (%) n (%)
Type A 26 (72.22) 27 (75.00) 53 (73.61) .789 0.867(0.303-2.475)
Type B 10 (27.78) 9 (25.00) 19 (26.39)
Aortic root diameter measurements (mm)
Number of values (n)? 22 6 28 140
Mean = SD (mm) 51.72 + 15.66 45.17 =5.79 50.32 + 14.39
Median (mm) and range 51.5 (28-85) 43 (40-55) 48 (28-85)
Dissection timing
Antepartum events (n) 28 23 51
mean = SD 27.71 + 8.00 33.74 £3.72 30.43 +7.08 .002
Median (WGA) and range 29.5 (7-38) 33 (26-41) 32 (7-41)
Postpartum events (n) 8 13 21
Mean = SD (days) 44 + 78.50° 11.23 = 14.78 23.71 £ 50.64 .280
Median (days) 55 7 7
Range 1 d-7 mo PP 1 d-2 mo PP 1 d-7 mo PP
Dissection timing n (%) n (%) n (%)
1st trimester® (<12 WGA) 2 (5.56) 0 (0.00) 2 (2.78)
Type A 2 0 2 (100)
Type B 0 0 0 (0)
2nd trimester (13-27 WGA) 8 (22.22) 1(2.77) 9 (12.5)
Type A 5 0 5 (55.56) 236 1.333 (0.757-2.348)
Type B 3 1 4 (44.44)
3rd trimester (28 WGA-term) 18 (50.00) 22 (61.11) 40 (55.56)
Type A 13 19 32 (80) 266 0.411 (0.083-2.025)
Type B 5 3 8 (20)
Postpartum (delivery-12 mo) 8 (22.22) 13 (36.11) 21 (29.17)
Type A 6 8 14 (66.67) 525 1.875 (0.266-13.202)
Type B 2 5 7 (33.33)

2AoR diameter measurements were not reported in 14 of the MFS cases and 30 of the non-MFS cases.
bLarge SD attributable to cases of AoD at 7 months postpartum®* and 4 months postpartum.®°

“Chi-square analysis was determined to be inappropriate for this data.
WGA, weeks gestational age; MFS, Marfan syndrome.

Stanford classifications were used to further characterize the
aortic events. Most dissections were Stanford Type A (n=53,
73.6%), with a smaller portion of Stanford Type B dissections
(h=19, 26.4%). The breakdown of dissection types was similar
between the MFS and non-MFS groups. The distribution of Type
A and Type B dissections did not differ significantly between the
MFS and non-MFS groups with each trimester evaluated sepa-
rately. Table 4 depicts the P values and odds ratios for these

analyses.

Aortic root diameters were reported for 22 (61.11%) of the MFS
cases and 6 (16.67%) of the non-MFS cases. Most of these measure-
ments were taken at the time of the acute aortic event. Only one of the
cases reported serial aortic root measurements over the course of the
pregnancy.>® The mean aortic root diameters for MFS cases and non-
MFS cases were 51.7 =15.7 mm and 45.2 = 5.8 mm, respectively
(P = .140). The aortic root diameters in the MFS group range from 28 to
85 mm with a median of 51.5 mm. This is a much wider range than was

seen in the non-MFS group. The non-MFS cases range from 40 to
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TABLE 5 Obstetric outcomes and mortality data from case reports

MFS cases Non-MFS cases
(n=36) (n=36)
Maternal outcomes? n (%) n (%)
Alive 27 (79.41) 28 (77.78)
Dead 7 (20.59) 8(22.22)
Fetal outcomes® n (%) n (%)
Alive 30 (88.24) 30 (88.24)
Dead 4 (11.76) 4 (11.76)
Obstetric outcomes
Delivery method® n (%) n (%)
Cesarean 26 (72.22) 28 (80.00)
Vaginal 8 (22.22) 5(14.29)
Abortion 1(2.78) 0 (0.00)
IUFD 1(2.78) 2(5.71)
WGA at delivery®
Mean = SD 32.44 +4.03 33.5+3.86
Median 33 33
Range 22-39 26-41
Fetus in utero 2 2

?Maternal outcomes were not reported for 2 of the MFS cases.

@‘m Congenital Heart Discase WILE YJE

All cases
(n=72) P value Odds ratio
n (%)

55 (78.57) .868 1.102 (0.351-3.459)
15 (21.43)
n (%)

60 (88.24)

1.000 1.000 (0.229-4.373)

8 (11.76)

n (%)

54 (76.05) 191
13 (18.31)

1(1.41)

3(4.23)

32.94 +3.95 364
33
22-41

PFetal outcomes were not reported for 2 of the MFS cases and 2 of the non-MFS cases.

“Delivery method was not reported for 1 of the non-MFS cases.

YWGA at delivery was not reported for 7 of the MFS cases and 12 of the non-MFS cases.

55 mm with a median of 43 mm. In the MFS group, 10 aortic root diame-
ter measurements were less than 45 mm and 8 aortic root measure-
ments were <40 mm. In the non-MFS group, 3 aortic root diameter
measurements were less than 45 mm (Table 4).

Only 6 of the MFS cases reported beta-blocker therapy during the
pregnancy.>>#447525479 None of the cases with non-MFS patients
reported beta-blocker therapy.

We analyzed several obstetric outcomes (delivery method and
WGA at delivery) for the pregnancies described in the literature (Table
5). Delivery methods were similar between the MFS and non-MFS
groups, with most infants delivered by cesarean (n = 54, 76%). There
was no significant difference in delivery mode between the 2 groups
(P=.191). The mean = SD WGA at delivery for the MFS group was
32.44 + 403 with a median of 33 weeks (range 22-39). For the non-
MFS group, mean =SD WGA at delivery was 33.5+ 3.86 with a
median of 33 weeks (range 26-41). There was no significant difference
in WGA at delivery between the MFS and non-MFS groups (P = .364).

3.1 | Maternal and fetal mortality

The cases reported a total of 55 positive maternal outcomes and 15
maternal deaths, representing a total maternal mortality of 21.43%
(Table 5). Maternal outcomes could not be ascertained for 2 of the

patients. There were 7 maternal deaths in the MFS case reports and 8

maternal deaths in the non-MFS case reports. Twelve of these deaths
were associated with Type A dissections and three were associated
with Type B dissections. The most common causes of death referenced
in these cases were low cardiac output syndrome (n = 6), multiorgan
failure (n=2), and sudden cardiac death from the AAD (n=3). The
entire sample showed 60 positive fetal outcomes and 8 fetal deaths,
representing a total fetal mortality of 11.76% (Table 5). There were 30
positive fetal outcomes and 4 fetal deaths in each of the MFS and non-
MFS groups. Pagni et al. reported on a patient with a positive fetal out-
come in a twin pregnancy.3® This review primarily focuses on maternal
pathology, so this was analyzed as one positive fetal outcome. Fetal
outcomes could not be ascertained for 4 of the case reports. There
was no significant difference in maternal mortality (P =.868) or fetal
mortality (P = 1.000).

4 | DISCUSSION

To our knowledge, this is the first literature review focusing specifically
on published cases of pregnancy-associated AAD in Marfan patients.
Our review and analysis of the literature revealed several key findings.
Perhaps the most significant finding was that women with Marfan syn-
drome presented with aortic dissection significantly earlier in preg-
nancy than those without MFS. An additional item of interest from this

review were the reported aortic root measurements. Out of the 22
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MFS cases that reported aortic root diameter, 10 of these cases
reported aortic root diameters <45 mm at the time of dissection, and 8
reported aortic root diameters <40 mm. Based on the current guide-
lines, these women may have “slipped through the cracks” and failed to
receive recommendations for prophylactic aortic root repair. Finally,
we will discuss our results regarding the use of beta blockers in these

cases. Following is a detailed discussion on each of these findings.

4.1 | Early diagnosis

Diagnosis of MFS should be established as early as possible. This can
be challenging because some women with MFS may not display
obvious Marfanoid features. Furthermore, an estimated 25% of MFS
cases arise from de novo mutations. The lack of family history coupled
with the subtle presentation can make these patients particularly chal-
lenging to diagnose. We identified 4 case reports of pregnancy-related
AAD in patients with undiagnosed MFS. In these cases, the diagnosis
of Marfan syndrome was made by genetic testing after the patient pre-
sented with a dissection**#2444> Chang, Katsuragi, and Lichtman
reported cases where no Ghent features were identified other than the
acute aortic event. This suggests that additional criteria may be needed
for the diagnosis of Marfan syndrome. With earlier diagnosis, it is pos-
sible that an acute aortic event may have been avoided if appropriate
precautions were taken throughout these pregnancies, such as beta
blockade, prophylactic aortic root repair, and serial aortic root measure-
ments. Unfortunately, the literature does not suggest any specific fea-
tures that may be used as a screening tool for these undiagnosed cases
of MFS in obstetric patients.

Early MFS diagnosis is especially important because aortic dissec-
tion can occur early in pregnancy in these patients. The earliest event
described in the literature was at 7 WGA. It is unclear from these cases,
if pregnancy was a significant component in the development of aortic
dissection or if the event was primarily driven by an aorta that was sus-
ceptible to dissection prior to conception. Furthermore, these cases did
not report if these patients had a family history of AAD. These early
events are significant because the current literature on pregnancy-
related AAD focuses on the predominance of acute aortic events in the
third trimester and postpartum. Although most of the cases identified
in this study do support this timeline, the evidence for earlier dissec-
tions in MFS patients should be considered. We suggest that Marfan
patients and their families should be taught to recognize the early
symptoms of aortic dissection at their first prenatal appointment or
prior to conception.

The timing of aortic dissection in pregnancy is also important to
consider from a management perspective. If a patient presents with an
aortic dissection later in pregnancy, it is possible to perform an emer-
gency cesarean section followed by an aortic repair. In women who
present with AAD before fetal viability, the patient and physician must
decide between termination of the pregnancy prior to surgical repair
and surgical repair with the fetus in utero, which presents considerable
risks to both the mother and the fetus.®' Because women with MFS
present with AAD significantly earlier than those without MFS, more

of these women may be required to make this difficult decision. How-

ever, it is important to note that our evaluation did not find a signifi-
cant difference in maternal mortality, fetal mortality, or obstetric
outcomes (WGA at delivery or mode of delivery) between the MFS
cases and the cases of women without MFS.

In addition to early diagnosis of MFS, the importance of early iden-
tification of aortic dilatation is critical, especially when early interven-
tion can be performed to reduce the risk of AAD. Our literature search
revealed 5 cases of aneurysms that were successfully repaired before
the possibility of dissection. Sato et al. describes a MFS patient who
presented with an aortic aneurysm at 15 WGA, which was repaired
with fetus in utero at the time of presentation. The procedure was suc-
cessful, and a healthy infant was delivered at 37 WGA by cesarean.
The mother did not present with an aortic dissection at any time during
pregnancy or postpartum.®? Gama et al. describes a case in which an
aortic aneurysm (69 mm) was detected at 10 WGA in a patient without
Marfan syndrome. The aneurysm was repaired with fetus in utero at
the time of diagnosis. A healthy infant was delivered by cesarean sec-
tion at 38 WGA with positive maternal and fetal outcomes.®® Tutarel
et al. and Volach et al. both describe cases in which an aortic root
replacement was performed in MFS patients prior to conception with
no cardiovascular complications during pregnancy and positive mater-
nal and fetal outcomes.8*®° These cases suggest that early identifica-
tion of a dilated aortic root and subsequent repair can protect the

maternal prognosis without sacrificing the prognosis of the fetus.

4.2 | Aortic root measurements

The literature indicates that some women with MFS who present with
an aortic dissection during pregnancy may not be appropriately identi-
fied by the current guidelines. The current recommendations for
women with MFS include prophylactic aortic repair before conception
if the aortic root diameter is >40 mm (US guidelines) or >45 mm
(Canadian and European guidelines). In the MFS group, 22 cases
reported aortic root measurements. Of these 22 cases, 10 women had
an aortic root diameter <45 mm; 8 of these women had an aortic root
diameter <40 mm. The minimum aortic root diameter was 28 mm at
the time of presentation. This data suggests against the current notion
that pregnancy is relatively low risk in MFS women with an aortic root
diameter <40 mm. Furthermore, these women would not have been
identified as “high risk” based on the current guidelines and would not
have received recommendations to either avoid pregnancy or receive
prophylactic aortic root repair before conception.

Serial aortic root measurements throughout pregnancy were only
provided by one case identified in this study. We believe that the lack
of data regarding the growth rate of the aortic root throughout these
pregnancies suggests a deficit in the literature that should be further
investigated. Meijboom et al. performed a prospective study that found
differing growth rates in the aortic roots of a cohort of Marfan women
during pregnancy.!® We would be interested to see if patients with
“fast growth” are more likely to experience an acute aortic event during
pregnancy, regardless of preconception aortic root size. Furthermore,

we believe that there is a need for evaluation of the factors that
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contribute to differential aortic growth rates in some Marfan individu-
als during pregnancy.

We understand that a publication bias may exist that under-
emphasizes the importance of aortic root diameter in the pathogenesis
of pregnancy-related AAD in women with Marfan syndrome. However,
the cases identified in our search indicate that women with Marfan
syndrome and an aortic root diameter <40 mm may be at a higher risk
for AAD than previously believed. At this point, we believe that it
would be reasonable to recommend more frequent aortic root meas-
urements during pregnancy in women with Marfan syndrome, regard-
less of aortic root diameter. One consideration could be that all women
with Marfan syndrome should all be treated as high risk for dissection
and should be under careful surveillance by a multidisciplinary team

including cardiologists, obstetricians, and perinatologists.

4.3 | Beta blockers

Beta-blocker therapy has long been considered a mainstay of treat-
ment for patients with Marfan syndrome, but its efficacy has been the
subject of continued debate. Additionally, there exists limited evidence
regarding the importance of beta blockade during pregnancy.'® Current
recommendations include daily beta-blocker therapy for pregnant
women with MFS. In the literature identified in this study, only 6 of
the MFS cases reported beta-blocker therapy during the preg-

354447525479 It is unclear if the other MFS patients were not

nancy.
receiving beta-blocker therapy during their pregnancy, if they were
treated with beta blockade prior to pregnancy and discontinued ther-
apy, or if the patients were receiving beta blockers but it was not
reported in the literature.

However, it is notable that these patients presented with an aortic
dissection during pregnancy while being managed with beta blockers.
This questions the efficacy of beta blockers to prevent AAD during
pregnancy in women with MFS. Several studies describe cases of MFS
women who received beta-blocker therapy during their pregnancy
without adverse cardiovascular outcomes. Omnes et al. describes a
prospective study of pregnancies in a small group of MFS patients
(n = 18). Fifteen of these patients were treated with beta blockade.
Notably, 1 woman had an increase in aortic root diameter of >10%
during her pregnancy despite beta blockade. The only aortic dissection
in this cohort was seen in a patient that was not treated with beta
blockers.?® However, the sample size of this study was small and does
not convincingly indicate that beta blockers are efficacious for the pre-
vention of aortic dissection in pregnant Marfan patients.

The relative lack of information regarding beta blockade in women
with MFS who developed aortic dissections during pregnancy presents
a clinical challenge that should be investigated further. The potential
for negative effects on the fetus highlights the importance of maintain-
ing a balance between safeguarding the mother’s prognosis and the
avoidance of fetal growth restriction. We understand that some
women may want to avoid the use of any medication during their preg-
nancy, especially if there is not strong evidence to support the use of
this medication. For this reason, we believe that the decision to con-

tinue beta-blocker therapy during pregnancy should be a shared deci-
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sion between the physician and the patient, considering factors such as
aortic root diameter, aortic root growth rate, risk for intrauterine

growth restriction, and patient concerns.

44 | Limitations

We understand that this analysis, particularly its format as a literature
review, presents several limitations. First, we are limited to case reports
published in the literature. We understand that a publication bias may
exist, with negative outcomes being less likely to be published. Addi-
tionally, there may be a predominance of interesting or unique cases
published in the literature. We understand that these cases may not
adequately represent the population or the current clinical environment
surrounding AAD in pregnancy. As such, the analysis in this review is
meant to address only the current literature.

Another consideration to note is that for many of the cases, aortic
root diameter and beta blocker usage were not described. It is unclear
if aortic root measurements were not obtained or if they were simply
not included in the report. Similarly, it is unclear from the literature if
the MFS patients were being treated with beta blockers and the infor-
mation was omitted or if the patients were not taking beta blockers.

An additional limitation of this study is the obtainment of postpar-
tum cases. We defined a postpartum event as a dissection occurring 1
year after delivery. As such, it is possible that some case reports within
the 12-month timeline may not have been cross-referenced with “preg-
nancy” and were missed by our search methods.

4.5 | Future directions

The most significant development on this topic would be the identifica-
tion of women who are at risk for AAD during pregnancy. In the case
of Marfan syndrome, this could be accomplished by earlier diagnosis of
MFS. Additional analysis of the specific Ghent criteria met by Marfan
women who have pregnancy-related dissections may illuminate key
features that this population shares. If these women share a specific
phenotype, then clinicians may be better equipped identify Marfan
patients at high risk for pregnancy-related dissections. Several articles
depicted cases of pregnancy-related AAD in women with undiagnosed
MFS. Three of these cases described women who did not meet any of
the Ghent criteria other than the AAD and a positive genetic test. For
these patients, the development of additional Ghent criteria (if possible)
may be helpful for earlier diagnosis of MFS. If additional Ghent features
can be identified for these women, then obstetricians could implement
Marfan screening tests for their patients during their first encounter.
Current guidelines focus on aortic root diameter as the strongest
risk factor for the development of pregnancy-related AAD in women
with MFS. In our analysis, we found a surprising number of cases of
AAD in pregnant Marfan women with aortic root diameter <45 mm.
These cases question the current understanding that the risk of AAD
during pregnancy in Marfan patients is a direct function of aortic root
diameter. Further evaluation is needed to identify the risk factors that
contribute to AAD during pregnancy as well as the pathophysiology

behind these events. One interesting proposal is that some women
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with Marfan syndrome have an accelerated growth of the aortic root
during pregnancy. Additional studies with serial aortic root measure-
ments throughout pregnancy and the postpartum period may identify
factors that lead to this type of aortic root growth in Marfan women.

This review focuses primarily on pregnancy-related AAD in women
with MFS, but we do not want to underscore the importance of identi-
fying non-Marfan women who are at risk for this event. There is a pau-
city of studies that evaluate the factors leading to AAD during
pregnancy in women without underlying connective tissue disease.
Future studies addressing these factors may allow obstetricians to
identify which patients may be at risk for dissection.

Finally, the importance of beta blockers in the management of
MFS has been a topic of debate. There remains very little evidence
supporting the idea that beta blockers are efficacious for attenuating
aortic root growth and preventing aortic dissection during pregnancy in
MFS. Because beta blockers carry a risk to the fetus (FDA Pregnancy
Category C), we believe that there is a need for additional studies

regarding the use of these medications in pregnant Marfan women.

CONFLICT OF INTEREST

The authors report no conflicts of interest.

AUTHOR CONTRIBUTIONS

Concept/design: Smith
Data analysis/interpretation: Smith
Drafting article: Smith
Concept/design: Gros

Critical revision of article: Gros

REFERENCES

[1] Chung E, Leinwand LA. Pregnancy as a cardiac stress model. Cardio-
vasc Res. 2014;101(4):561-570.

[2] Slangen BF, van Ingen Schenau DS, van Gorp AW, De Mey JG,
Peeters LL. Aortic distensibility and compliance in conscious preg-
nant rats. Am J Physiol. 1997;272(3 Pt 2):H1260126-H1265.

[3] van Hagen IM, Roos-Hesselink JW. Aorta pathology and pregnancy.
Best Pract Res Clin Obstet Gynaecol. 2014;28(4):537-550.

[4] Easterling TR, Benedetti TJ, Schmucker BC, Carlson K, Millard SP.
Maternal hemodynamics and aortic diameter in normal and hyper-
tensive pregnancies. Obstet Gynecol. 1991;78(6):1073-1077.

[5] Donnelly RT, Pinto NM, Kocolas I, Yetman AT. The immediate and
long-term impact of pregnancy on aortic growth rate and mortality
in women with Marfan syndrome. J Am College Cardiol. 2012;60(3):
224-229.

[6] Westhoff-Bleck M, Podewski E, Hilfiker A, Hilfiker-Kleiner D. Cardi-
ovascular disorders in pregnancy: diagnosis and management. Best
Pract Res Clin Obstet Gynaecol. 2013;27(6):821-834.

[7] Coulon C. Thoracic aortic aneurysms and pregnancy. Presse medicale
(Paris, France : 1983). 2015;44(11):126-135.

[8] Schnitker MBC. Dissecting aneurysm of the aorta in young individu-

als, particularly in association with pregnancy: with report of a case.
Ann Intern Med. 1944;20(3):486-511.

[9] Oskoui R, Lindsay J Jr. Aortic dissection in women <40 years of
age and the unimportance of pregnancy. Am J Cardiol. 1994;73(11):
821-823.

[10] Thalmann M, Sodeck GH, Domanovits H, et al. Acute type A aortic
dissection and pregnancy: a population-based study. Eur J Cardio-
Thorac Surg. 2011;39(6):e159-e163.

[11] Ammash NM, Sundt TM, Connolly HM. Marfan syndrome-diagnosis
and management. Curr Probl Cardiol. 2008;33(1):7-39.

[12] Regitz-Zagrosek V, Blomstrom Lundqvist C, Borghi C, et al. ESC
Guidelines on the management of cardiovascular diseases during
pregnancy: the task force on the management of cardiovascular dis-
eases during pregnancy of the European Society of Cardiology
(ESC). Eur Heart J. 2011;32(24):3147-3197.

[13] Pyeritz RE. Maternal and fetal complications of pregnancy in the
Marfan syndrome. Am J Med. 1981;71(5):784-790.

[14] Prockop D, Bateman JF. Heritable disorders of connective tissue.
Harrison’s Principles Inter Med. 19 ed. USA: McGraw-Hill Educa-
tion; 2015.

Hiratzka LF, Bakris GL, Beckman JA, et al. 2010 ACCF/AHA/AATS/
ACR/ASA/SCA/SCAI/SIR/STS/SVM Guidelines for the diagnosis and
management of patients with thoracic aortic disease. A Report of the
American College of Cardiology Foundation/American Heart Associa-
tion Task Force on Practice Guidelines, American Association for Tho-
racic Surgery, American College of Radiology, American Stroke
Association, Society of Cardiovascular Anesthesiologists, Society for
Cardiovascular Angiography and Interventions, Society of Interven-
tional Radiology, Society of Thoracic Surgeons, and Society for Vascu-
lar Medicine. J Am College Cardiol. 2010;55(14).e27-e129.

Silversides CK, Kiess M, Beauchesne L, et al. Canadian Cardiovascu-

lar Society 2009 Consensus Conference on the management of

adults with congenital heart disease: outflow tract obstruction,
coarctation of the aorta, tetralogy of Fallot, Ebstein anomaly and

Marfan’s syndrome. Can J Cardiol. 2010;26(3):e80-e97.

[17] Cox DA, Ginde S, Kuhlmann RS, Earing MG. Management of the
pregnant woman with Marfan syndrome complicated by ascending
aorta dilation. Arch Gynecol Obstet. 2014;290(4):797-802.

[18] Meijboom LJ, Vos FE, Timmermans J, Boers GH, Zwinderman AH,

Mulder BJ. Pregnancy and aortic root growth in the Marfan syn-

drome: a prospective study. Eur Heart J. 2005;26(9):914-920.

[15

[16

[19] Braverman AC. Medical management of thoracic aortic aneurysm
disease. J Thorac Cardiovasc Surg. 2013;145(suppl 3):52-S6.

[20] Rossiter JP, Repke JT, Morales AJ, Murphy EA, Pyeritz RE. A pro-
spective longitudinal evaluation of pregnancy in the Marfan syn-
drome. Am J Obstet Gynecol. 1995;173(5):1599-1606.

[21] Lipscomb KJ, Smith JC, Clarke B, Donnai P, Harris R. Outcome of
pregnancy in women with Marfan’s syndrome. Br J Obstet Gynaecol.
1997;104(2):201-206.

[22] Lind J, Wallenburg HC. The Marfan syndrome and pregnancy: a ret-
rospective study in a Dutch population. Eur J Obstet Gynecol Reprod
Biol. 2001;98(1):28-35.

[23] Meijboom LJ, Drenthen W, Pieper PG, et al. Obstetric complications
in Marfan syndrome. Int J Cardiol. 2006;110(1):53-59.

[24] Pacini L, Digne F, Boumendil A, et al. Maternal complication of
pregnancy in Marfan syndrome. Int J Cardiol. 2009;136(2):156-161.

[25] Katsuragi S, Ueda K, Yamanaka K, et al. Pregnancy-associated aortic
dilatation or dissection in Japanese women with Marfan syndrome.
Circ J. 2011;75(11):2545-2551.

[26] Omnes S, Jondeau G, Detaint D, et al. Pregnancy outcomes among
women with Marfan syndrome. Int J Gynaecol Obstet. 2013;122(3):
219-223.



SMITH anpo GROS

[27] Curry RA, Gelson E, Swan L, et al. Marfan syndrome and pregnancy:
maternal and neonatal outcomes. BJOG. 2014;121(5):610-617.

[28] Hassan N, Patenaude V, Oddy L, Abenhaim HA. Pregnancy out-
comes in Marfan syndrome: a retrospective cohort study. Am J Peri-
natol. 2015;30(2):123-130.

[29] Sato S, Nishida M, Furukawa Y, Nasu K, Narahara H. Acute aortic
dissection after caesarean section in a patient with Marfan syn-
drome. J Obstet Gynaecol. 2014;34(4):354.

[30] Vranes M, Velinovic M, Kovacevic-Kostic N, Savic D, Nikolic D,
Karan R. Pregnancy-related aortic aneurysm and dissection in
patients with Marfan’s syndrome: medical and surgical management
during pregnancy and after delivery. Medicina (Kaunas, Lithuania).
2011;47(11):604-606.

[31] Yang Z, Yang S, Wang F, Wang C. Acute aortic dissection in preg-
nant women. Gen Thorac Cardiovasc Surg. 2014. In Press.

[32] Wakiyama H, Nasu M, Fujiwara H, Kitamura A, Okada Y. Two surgi-
cal cases of acute aortic dissection in pregnancy with marfan syn-
drome. Asian Cardiovasc Thorac Ann. 2007;15(5):e63-€65.

[33] Simsek Y, Colak C, Yilmaz E, Celik E, Erdil N, Celik O. Successful
management of spontaneous aortic dissection type B in the third
trimester of pregnancy. Cardiovasc J Africa. 2012;23(10):e7-€9.

[34] Shaker WH, Refaat AA, Hakamei MA, lbrahim MF. Acute type A
aortic dissection at seven weeks of gestation in a Marfan patient:
case report. J Cardiac Surg. 2008;23(5):569-570.

[35] Saeki N, Taguchi S, Kawamoto M. Successful management of a patient
with Marfan syndrome complicated with acute aortic dissection using
landiolol during Cesarean section. J Anesth. 2010;24(2):277-279.

[36] Pagni S, Ganzel BL, Tabb T. Hemiarch aortic replacement for acute
type A dissection in a Marfan patient with twin pregnancy. Interact
Cardiovasc Thorac Surg. 2008;7(4):740-741.

[37] Kampman MA, Balci A, Groen H, et al. Cardiac function and cardiac
events 1-year postpartum in women with congenital heart disease.
Am Heart J. 2015;169(2):298-304.

[38] Houston L, Tuuli M, Macones G. Marfan syndrome and aortic dis-
section in pregnancy. Obstet Gynecol. 2011;117(4):956-960.

[39] Haas S, Trepte C, Rybczynski M, Somville T, Treede H, Reuter DA.
Type A aortic dissection during late pregnancy in a patient with
Marfan syndrome. Can J Anaesth. 2011;58(11):1024-1028.

[40] Guo C, Xu D, Wang C. Successful treatment for acute aortic dissec-
tion in pregnancy—Bentall procedure concomitant with cesarean
section. J Cardiothorac Surg. 2011;6:139.

[41] Chang CY, Yang JM, Lam CW, Chen PH. Successful management of
aortic dissection in a patient with Marfan syndrome during preg-
nancy. Am J Obstet Gynecol. 2013;208(2):e3-eé.

[42] Katsuragi S, Neki R, Yoshimatsu J, lkeda T, Morisaki H, Morisaki T.
Acute aortic dissection (Stanford type B) during pregnancy.
J Perinatol. 2013;33(6):484-485.

[43] Lee SS, Jung TE, Lee DH. Acute type Il aortic dissection with severe
aortic regurgitation and chronic descending aortic dissection in
pregnant patient with Marfan syndrome. Korean J Thorac Cardiovasc
Surg. 2012;45(6):404-407.

[44] Lichtman AD, Kjaer K. Combined cesarean delivery and repair of

acute ascending and aortic arch dissection at 32 weeks of preg-
nancy. J Cardiothorac Vasc Anesth. 2013;27(4):731-734.

[45] Master M, Day G. Acute aortic dissection in pregnancy in a woman
with undiagnosed Marfan syndrome. Case Rep Obstet Gynecol.
2012;2012:490169.

[46] Nonga BN, Pasquet A, Noirhomme P, El-Khoury G. Successful
bovine arch replacement for a type A acute aortic dissection in a

@lm Congenital Heart Disease WIL EYJE

pregnant woman with severe haemodynamic compromise. Interact
Cardiovasc Thorac Surg. 2012;15(2):309-310.

Sato A, Ishida M, Ishibashi K, et al. A case of acute aortic dissection
in a woman with Marfan syndrome at 29 weeks’ gestation. J Obstet
Gynaecol. 2014;34(4):358.

Sterner D, Probst C, Mellert F, Schiller W. Surgical treatment and
thoracic endovascular aortic repair in type A aortic dissection in a
pregnant patient with Marfan syndrome. Ann Vasc Surg. 2014;28(5):
1317.e7-1317.10.

[49] Gandhi SD, Igbal Z, Markan S, Almassi GH, Pagel PS. Massive retro-
grade acute type B aortic dissection in a postpartum woman with a
family history of Marfan syndrome. J Clin Anesth. 2008;20(1):50-53.

[50] Birsner ML, Farber JL, Berghella V. Fatal aortic dissection in a
patient with a family history of Marfan syndrome. Obstet Gynecol.
2008;112(2 Pt 2):472-475.

[51] Sakaguchi M, Kitahara H, Seto T, et al. Surgery for acute type A
aortic dissection in pregnant patients with Marfan syndrome. Eur J
Cardio-Thorac Surg. 2005;28(2):280-283. discussion 283-285.

[52] McDermott CD, Sermer M, Siu SC, David TE, Colman JM. Aortic
dissection complicating pregnancy following prophylactic aortic root
replacement in a woman with Marfan syndrome. Int J Cardiol. 2007,
120(3):427-430.

[53] Nasiell J, Norman M, Lindgvist PG, Malmstedt J, Bottinga R, Blen-
now M. Aortic dissection in pregnancy: a life-threatening disease
and a diagnosis of worth considering. Acta Obstet Gynecolog Scand.
2009;88(10):1167-1170.

Tomihara A, Ashizawa N, Abe K, et al. Risk of development of
abdominal aortic aneurysm and dissection of thoracic aorta in a
postpartum woman with Marfan’s syndrome. Intern Medicine (Tokyo,
Japan). 2006;45(22):1285-1289.

[55] Seeburger J, Mohr FW, Falk V. Acute type A dissection at 17 weeks
of gestation in a Marfan patient. Ann Thorac Surg. 2007;83(2):
674-676.

[56] Aziz F, Penupolu S, Alok A, Doddi S, Abed M. Peripartum acute aor-
tic dissection: a case report & review of literature. J Thorac Dis.
2011;3(1):65-67.

[57] Yang G, Peng W, Zhao Q, Peng J, Xiang X, Chai X. Aortic dissection
in women during the course of pregnancy or puerperium: a report
of 11 cases in central south China. Int J Clin Exp Med. 2015;8(7):
11607-11612.

[58] Radermecker MA, Durieux R, Canivet JL, Limet R. Metachronous
type Il and type Il acute aortic dissections in puerperium. Eur J
Cardio-Thorac Surg. 2007;32(3):541-543.

[59] Avila WS, Dias R, Yamada RT, Armelin A. Acute aortic dissection
during pregnancy. Arq Bras Cardiol. 2006,87(4):e112-e115.

[60] Crowley R, Corniea J, Chavez D, Ho JK, Mahajan A. Intraoperative
diagnosis of aortic dissection in pregnancy. J Cardiothorac Vasc
Anesth. 2010;24(1):116-118.

[47

[48

[54

[61] Huang J, Liu H, Ding YL. Two cases of acute aortic dissection fol-
lowing preeclampsia in non-Marfan patients. Chin Med J. 2012;125
(11):2073-2075.

[62] Johnston C, Schroeder F, Fletcher SN, Bigham C, Wendler R. Type
A aortic dissection in pregnancy. Int J Obstet Anesth. 2012;21(1):
75-79.

[63] Kolesar A, Sabol F, Luczy J, Bajmoczi M. Use of left ventricle assist
device in a pregnant woman with acute aortic and coronary dissec-
tions. Interact Cardiovasc Thorac Surg. 2010;11(2):194-195.

[64] Lakhi NA, Jones J. Takayasu's arteritis in pregnancy complicated by
peripartum aortic dissection. Arch Gynecol Obstet. 2010;282(1):
103-106.



SMITH anp GROS

MW] LEY Mﬂ Congenital Heart Disease

[65] Liu F, Liu F, Sun L, Zhu J, Han J, Hou X. Successful treatment of a
gravida with acute A type aortic dissection in late gestation.
J Cardiac Surg. 2012;27(6):728-730.

[66] Marumoto A, Nakamura Y, Harada S, Saiki M, Nishimura M. Acute
aortic dissection at 33 weeks of gestation with fetal distress syn-
drome. Gen Thorac Cardiovasc Surg. 2011;59(8):566-568.

[67] Menon A, Bonser RS. Spontaneous aortic rupture early postpartum
without trauma or connective tissue disorder. Eur J Cardio-Thorac
Surg. 2013;43(6):1257-1258.

[68] Minamino E, Kato T, Inoko M, Nohara R. Abrupt chest pain in a
pregnant woman. Intern Med (Tokyo, Japan). 2013;52(16):1845.

[69] Monteiro FN, Bhagavath P, Rao L, et al. Descending thoracic aortic
aneurysm rupture during postpartum period. J Forensic Sci. 2011;56
(4):1054-1057.

[70] Pinto L, Appleton C, Clode N, Cardoso C, Graca LM. Acute ascend-
ing aortic dissection during pregnancy. J Obstet Gynaecol. 2006;26
(2):161-162.

[71] Stout CL, Scott EC, Stokes GK, Panneton JM. Successful repair of a
ruptured Stanford type B aortic dissection during pregnancy. J Vasc
Surg. 2010;51(4):990-992.

[72] Srettabunjong S. Spontaneous rupture of acute ascending aortic dis-
section in a young pregnant woman: a sudden unexpected death.
Forensic Sci Int. 2013;232(1-3):e5-€8.

[73] Shihata M, Pretorius V, MacArthur R. Repair of an acute type A
aortic dissection combined with an emergency cesarean section in a
pregnant woman. Interact Cardiovasc Thorac Surg. 2008;7(5):
938-940.

[74] Savi C, Villa L, Civardi L, Condemi AM. Two consecutive cases of type A
aortic dissection after delivery. Minerva Anestesiol. 2007;73(6):381-383.

[75] Rosenberger LH, Adams JD, Kern JA, Tracci MC, Angle JF, Cherry
KJ. Complicated postpartum type B aortic dissection and endovas-
cular repair. Obstet Gynecol. 2012;119(2 Pt 2):480-483.

[76] Parlakgumus HA, Haydardedeoglu B, Alkan O. Aortic dissection
accompanied by preeclampsia and preterm labor. J Obstet Gynaecol
Res. 2010;36(5):1121-1124.

[77] Omar AR, Goh WP, Lim YT. Peripartum acute anterior ST segment
elevation myocardial infarction: an uncommon presentation of acute
aortic dissection. Ann Acad Med Singapore. 2007;36(10):854-856.

[78] Papatsonis DN, Heetkamp A, van den Hombergh C, et al. Acute type
A aortic dissection complicating pregnancy at 32 weeks: surgical
repair after cesarean section. Am J Perinatol. 2009;26(2):153-157.

[79] Tilak M, Smith J, Rogers D, Fox P, Muntazar M, Peyton M. Success-
ful near-term pregnancy outcome after repair of a dissecting tho-
racic aortic aneurysm at 14 weeks gestation. Can J Anaesth. 2005;
52(10):1071-1075.

[80] IBM SPSS Statistics for Windows [computer program]. Version 22.0.
Armonk, NY: IBM Corp.; 2013.

[81] Weiss BM, von Segesser LK, Alon E, Seifert B, Turina MI. Outcome of
cardiovascular surgery and pregnancy: a systematic review of the
period 1984-1996. Am J Obstet Gynecol. 1998;179(6 Pt 1):1643-1653.

[82] Sato S, Ogino H, Matsuda H, Sasaki H, Tanaka H, Iba Y. Annu-
loaortic ectasia treated successfully in a pregnant woman with Mar-
fan syndrome: report of a case. Surg Today. 2012;42(3):285-287.

[83] Gama P, Pancas R, Antunes MJ. Ascending thoracic aorta aneurysm
surgery and aortic valve repair during pregnancy. J Cardiac Surg.
2009;24(5):547-548.

[84] Tutarel O, Lotz J, Roentgen P, Drexler H, Meyer GP, Westhoff-
Bleck M. Pregnancy in a Marfan patient with pre-existing aortic dis-
section. Int J Cardiol. 2007;114(2):E36-E37.

[85] Volach V, Elami A, Gilon D, Pollak A, Ginosar Y, Ezra Y. Pregnancy
in Marfan syndrome after aortic root replacement: a case report
and review of the literature. Congenit Heart Dis. 2006;1(4):184-188.

How to cite this article: Smith K, Gros B. Pregnancy-related
acute aortic dissection in Marfan syndrome: A review of the lit-
erature. Congenital Heart Disease. 2017;12:251-260. https://
doi.org/10.1111/chd.12465


https://doi.org/10.1111/chd.12465
https://doi.org/10.1111/chd.12465

