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Pregnancy-Associated Aortic Dilatation or Dissection
in Japanese Women With Marfan Syndrome

Shinji Katsuragi, MD; Keiko Ueda, MD; Kaoru Yamanaka, MD;
Reiko Neki, MD; Chizuko Kamiya, MD; Yoshihito Sasaki, MD;
Kazuhiro Osato, MD; Koichiro Niwa, MD; Tomoaki Ikeda, MD

Background: Aortic dilatation and dissection are severe complications of pregnancy that may cause maternal
death. The purpose of the present study was to investigate risk factors for aortic dilatation or dissection in pregnant
Japanese women with Marfan syndrome.

Methods and Results: A total of 28 patients with Marfan syndrome were investigated retrospectively during preg-
nancy and after delivery at 1 institution. These patients were divided into 2 groups: those who experienced aortic dila-
tation or dissection (group D, n=11) and those who did not (group ND, n=17). In group D, aortic dilatation or dissection
occurred in 7 cases during pregnancy (2 in the 27 trimester, 5 in the 3" trimester) and 4 cases after birth. The 2 cases
in the 2 trimester involved aortic dilatation >60mm and those patients underwent hemiarch replacement and a David
operation, respectively. Delivery by cesarean section (64% vs. 18%, P<0.05), sinus of Valsalva 240mm (86% vs. 21%,
P<0.05), aortic size index (size of sinus of Valsalva/body surface area) >225mm/m2 (7/7, 100% vs. 0/14, 0%, P<0.0001),
and faster growth of the sinus of the Valsalva (median, [interquartile range]: 0.41 mm/month [0.23-0.66 mm/month]
vs. 0.05mm/month [-0.13 to 0.22mm/month]; P<0.05) were significantly higher in group D than in group ND.

Conclusions: A large sinus of Valsalva, increased aortic size index, and rapid growth of the sinus of Valsalva are
risk factors for aortic dilatation or dissection in pregnant Japanese women with Marfan syndrome. (CircJ 2011; 75:

ORIGINAL ARTICLE

Aortic Disease

2545-2551)

Key Words: Aortic dissection; Aortic size index; Marfan syndrome; Pregnancy; Sinus of Valsalva

arfan syndrome is an autosomal dominant connec-
M tive tissue disorder caused by mutations in the
fibrillin-1 (FBN1) gene located on chromosome
15.1 These mutations result in weakness of the supportive tis-
sue of the body, and clinical characteristics include symptoms
of the cardiovascular, skeletal, and ocular systems.?? Cardio-
vascular complications are the main cause of morbidity and
mortality in patients with Marfan syndrome.* Before the
development of preventive surgical approaches to aortic dis-
eases, the mean life expectancy for a patient with Marfan
syndrome was <40 years, with aortic dissection, aortic rupture
and cardiac failure being the predominant causes of death.5
Beta-blocker therapy and elective surgical repair, however,
have increased life expectancy to near normal values.¢

Editorial p2532

Pregnancy is strongly associated with life-threatening prob-

lems in Marfan patients. The risk of aortic dilatation or dissec-
tion increases during and after pregnancy in patients with
Marfan syndrome due to superimposition of the hyperdynamic
and hypervolemic circulatory state of pregnancy on the pre-
existing weakness of the aortic media.? The rate of aortic dis-
section during pregnancy has been studied in previous reports.
In 1981, Pyeritz reported no aortic complications during 105
pregnancies in 26 women affected by Marfan syndrome, based
on phone interviews.” Rossiter et al prospectively followed 45
pregnancies in 21 women, and found 2 cases complicated by
dissection;® Lipscomb et al reported 6 aortic events, including
4 aortic dissections, in 91 pregnancies in 36 women;? Lind and
Wallenburg found 5 aortic dissections in 117 pregnancies;!
and Pacini et al reported 7 aortic dissections in 160 pregnan-
cies in 85 women.!! Combining all these data gives a risk of
3.9% for aortic complication during pregnancy in women with
Marfan syndrome who are not taking -blockers.

The indicators of aortic risk in pregnancy are an aortic diam-
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Group D (n=11) Group ND (n=17) P value
Maternal age (years)t 29.5+3.5 30.1+4.0 NS
Height (cm)t 167.3+4.5 165.3+4.2 NS
Weight (kg)t 65.3+4.5 64.5+3.9 NS
Nulli/Multiparous* 12/5 NS
Gestation (weeks)t 36.2+3.2 37.0+2.8 NS
Birth weight (g)* 2747+705 2769+599 NS
Delivery mode* <0.005
Vaginal delivery 14
Cesarean section 3
BMIT 24.2+15 24.1+1.8 NS
Dm# 3 NS
Hypertension* 3 NS
Smoking* 3 NS

Data given as n or mean+SD. *Student’s t-test; *chi-square test and Fisher's exact test. P<0.05, significant difference.
D, aortic dilatation or dissection; ND, no aortic dilatation nor dissection; BMI, body mass index; DM, diabetes mellitus.

Group D (n=10) Group ND (n=12)

Category Major Minor Major Minor
Skeletal 10 3 1 2
Ocular 2% 1 8" 1
Cardiovascular 10* 3 7 5
Pulmonary - 3 - 2
Skin - 0 - 1
Dura 2 - 5 -

Data were analyzed using chi-square test and Fisher's exact test.
*P<0.05.
Abbreviations see in Table 1.

eter 24.0cm’™ %1213 and a steady increase in the aortic root
dimension during pregnancy.>1%4 Meijboom et al reported that
pregnancy in women with Marfan syndrome seems to be rela-
tively safe up to an aortic root diameter of 45mm.*® Most
previous reports on Marfan syndrome in pregnancy, however,
have been from North America or Europe, and people in these
areas have relatively large physiques, and patient physique was
not standardized. Because normal aortic dimensions vary with
age and body size,'¢ the same aortic dimension represents a
proportionally greater diameter in smaller individuals, and
proper interpretation of the aortic dimension requires that age
and body size are accounted for. Therefore the absolute aortic
size cannot be directly used to evaluate risk in patients with a
small physique,!” such as Japanese women.

The risk factors for aortic complications in pregnant patients
affected with Marfan syndrome have not been examined rela-
tive to body surface area. Therefore, to improve patient man-
agement, we studied 28 consecutive pregnant patients with
Marfan syndrome in 1 institution to determine the factors that
influence maternal aortic complications.

Methods

Patients

We retrospectively analyzed 28 consecutive pregnant patients
with Marfan syndrome who were managed at the National
Cerebral and Cardiovascular Center from 1991 to 2007. Diag-
nosis of Marfan syndrome was made based on the original

Ghent criteria (1996).18 Cases before 1996 were confirmed to
fulfill these criteria. The initial assessment included an evalu-
ation of personal history and detailed family history, and a
clinical examination including ophthalmological tests and a
transthoracic echocardiogram.? X-ray was used to detect pro-
trusion acetabulae, and lumbar magnetic resonance imaging
(MRI) was performed to detect dural ectasia.

We divided the patients into 2 groups: those with aortic
dilatation or dissection (group D, n=11) during pregnancy or
within 1 year after delivery and those without aortic dilatation
or dissection (group ND, n=17). Aortic dilatation was defined
as a diameter >60mm at any part of the aorta.

Measurement of Aortic Diameter and Indication for Surgery
Measurement of the sinus of Valsalva was made on echocar-
diography in 2-D parasternal long-axis views at end-diastole
using the leading edge to leading edge method.*¢** MRI and
computed tomography were not routinely used. The Japanese
Circulation Society recommends an operation for patients with
a sinus of Valsalva >5cm (class 1Ia, level C) in all cases of
Marfan syndrome.?® Some surgeons also recommend an oper-
ation for patients with a sinus of Valsalva >4.5cm.?! At the
National Cerebral and Cardiovascular Center, surgical inter-
vention is indicated according to the aforementioned criteria
and for patients with a family history of dissection or sudden
death. In general, surgical intervention is indicated for a sinus
of Valsalva >4.0cm or in a case of steady aortic growth.2223
During pregnancy, surgical intervention is indicated if there is
steady aortic growth or massive dissection. To standardize the
measurement based on body size, we expressed the size of the
sinus of Valsalva using the aortic size index (ASI), which is
calculated as: ASI=aortic diameter (mm)/body surface area
(m2).17

Management During Pregnancy

Echocardiographic follow-up including aortic diameter mea-
surement and Holter electrocardiogram was performed at least
once in each trimester during pregnancy and within 4 weeks
after delivery. When surgical intervention was indicated, the
operation was performed after cesarean section in the case of
a mature fetus. When the fetus was too immature to live inde-
pendently, the operation was performed with the fetus in the
uterus.
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Figure 1. Diameters of the sinus of

Valsalva. D/D, aortic dilatation or dis-

section. Red, presence of aortic dila-

tation or dissection; blue, absence of
aortic dilatation or dissection (group
D and group ND, respectively). Pink,
cardiac event. In the 1st trimester a

larger sinus of Valsalva was found

in group D compared to group ND

(41.5+2.4mm vs. 34.8+1.3mm P<0.05;

65 1 ® Group D [D/D (+)]
P #“D/D onset

60 - @ Group ND[D/D ()]

55 -

50 - ®

mm 45 - e— .

40 gv:“_..;’/’

35 +

30 S

25
1st 2nd 3rd Postpartum
trimester trimester trimester

Student’s t-test). The sinus of Valsalva
was 240mm in 6/7 patients in group D
and 3/14 in group ND (P<0.05; chi-
square test and Fisher’s exact test).

Item Group D (n=11) Group ND (n=17) P value

Sinus of Valsalva (mm) in first trimestert 44.1+10.2 34.8+5.5 <0.005
Growth of aorta (mm/month)* 0.41 (0.23-0.66) 0.05 (-0.13 to 0.22) <0.005
Aortic valve regurgitation$

None-Mild 5 15 <0.05

Moderate-Severe 6 2
Mitral valve prolapse$ 6 3 <0.05
LvDdr 45.8+7.1 44.8+6.8 NS
LVDst 31.1+4.7 30.1+4.6 NS
%FSt 36.5+5.6 37.5+4.6 NS
RA cavity enlarged$ 2 3 NS
RV cavity enlarged$ 2 2 NS
PA dilatation (220 mm)$ 3 2 NS

Data given as mean+SD, n, or median (interquartile range).

TStudent's t-test; *Wilcoxon test; Schi-square test and Fisher's exact test. P<0.05, significant difference.
LVDd, left ventricle end-diastolic dimension; LVDs, left ventricle end-systolic dimension; FS, fractional shortening; RA,
right atrium; RV, right ventricle; PA, pulmonary artery. Other abbreviations see in Table 1.

Data Collection

Data were collected on family history (sudden death, aortic
dilatation or dissection), maternal age, body height, body
weight, parity, presence or absence of hypertension, diabetes
mellitus, change in the diameter of the sinus of Valsalva dur-
ing and after pregnancy, right and left ventricular function,
aortic valve regurgitation, mitral valve prolapse, delivery
mode (Cesarean section or vaginal delivery), time of delivery
(gestational weeks), and birth weight.

Statistical Analysis

For continuous variables, Student’s t-test was used for analysis
of normally distributed data and the Wilcoxon test was used
for data that were not normally distributed. A chi-squared test

and a Fisher’s exact test were used for comparing categorical
variables between the 2 groups. All statistical analyses were
performed using JMP 7 (SAS Institute, Cary, NC, USA).
P<0.05 was considered statistically significant.

Results

Aortic Dilatation or Dissection Group

Eleven patients had aortic dilatation or dissection associated
with pregnancy (in 7 this occurred during pregnancy and in 4
it occurred within 1 year after pregnancy). Two of the 7 ante-
partum cases involved aortic dilatation >60mm (maximum
diameter of the aorta) in the 2™ trimester at 16 and 19 weeks
of gestation, respectively. One patient underwent hemiarch
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mester the normalized size of the
15 sinus of Valsalva was 225mm/m?2 in
7/7 patients in group D and 0/14 in
st 2nd 3rd Postpartum group ND (P<0.0001; chi-square test
trimester trimester trimester

and Fisher's exact test).

replacement and the other underwent a David operation under
cardiopulmonary bypass with the fetus in the uterus. The other
5 dissections during pregnancy occurred at 29, 33, 34, 35 and
39 weeks of gestation. Of these 5 patients, 3 underwent Ben-
tall operations following cesarean section and 2 received con-
servative therapy after cesarean section. Dissection in the 4
postparturn cases occurred at 4 days, 8 months, 18 months,
and 11 months after delivery, respectively. Of the 11 dilatation
or dissection cases, 8 occurred in the ascending aorta, 1 in the
descending aorta, and 2 in both locations.

Demagraphic Patient Data

The maternal age, week of delivery, and birth weight did not
differ between the D and ND groups (Table 1). The incidence
of cesarean section was higher in group D than in group ND
(7111, 63.6% vs. 3/17, 17.6%, P<0.05). This was attributed to
performance of cesarean section due to occurrence of dilata-
tion or dissection of the aorta during pregnancy. The number
of patients meeting each diagnostic category for Marfan syn-
drome (Ghent criteria, 1996)'8 is given in Table 2. In group
D, fewer patients met the major ocular criteria (2/10, 20% vs.

Circulation Journal Vol.75, November 2011



Pregnancy-Associated Aortic Dissection in Marfan Syndrome 2549

0.75

05 -

mm/month  0.25

Figure 4. Rate of growth of the sinus
of Valsalva. Significantly faster growth
of the sinus of Valsalva was observed
in group D (red) than in group ND
(blue). The middle bar indicates the
50t percentile; box edges are the 254
and 75" percentiles; and outer bars

)

Aortic dilatation or dissection  Aottic dilatation or dissection

are the 10t and 90* percentiles. Data
were analyzed using Wilcoxon test.
¢ *P<0.05.

8/12, 67%, P<0.05) and more patients met the major cardio-
vascular criteria (10/10, 100% vs. 7/12, 58%, P<0.05). Gene
analysis was performed in 11 of the 28 cases (40%) and a
fibrillin-1 mutation was found more commonly in group D,
although the difference was not significant (4/4, 100% vs. 4/7,
57%, P=0.06). A family history of sudden death or aortic dis-
section was more frequent in group D (7/11, 64% vs. 4/17,
24%, P<0.05).

Echocardiographic Patient Data

The sinus of Valsalva in the 1% trimester of pregnancy was
significantly larger in group D than in group ND (mean [range]:
44, 1mm [36-61mm] vs. 34.8mm [28-45mm], P<0.005;
Figure 1; Table 3) and a sinus of Valsalva 240mm in the 1%
trimester was more frequent in group D (6/7, 86% vs. 3/14,
21%, P<0.05; Figure 1). On receiver operating characteristic
(ROC) analysis of the relationship of the size of the sinus of
Valsalva in the 1% trimester with aortic dilatation or dissection
during pregnancy and after birth, the area under the curve
(AUC) was 0.837 and the size of the sinus of the Valsalva that
produced the best sensitivity (1-specificity) was 40mm
(Figure 2).

An ASI (diameter of the sinus of Valsalva/body surface
area) 225 mm/m? was more frequent in group D than in group
ND (7/7, 100% vs. 0/14, 0%; P<0.0001; Figure 3). On ROC
analysis of the relationship of the ASI in the 1% trimester with
aortic dilatation or dissection during pregnancy and after birth,
the AUC was 0.985 and the size of the sinus of Valsalva that
produced the best sensitivity (1-specificity) was 25 mm/m?. In
1 case, aortic dissection occurred in a patient with a sinus of
Valsalva of only 36 mm in the 1% trimester. Her ASI, however,
was 27.3 mm/m? (36 mm/1.31 m?), which was the 5% largest in
the study. This indicates that normalizing the sinus of Valsalva
measurement with respect to body surface area is more appro-
priate for prediction of aortic dilatation or dissection, compared
to the absolute diameter. Significantly faster growth of the
sinus of Valsalva was also observed in group D (median [inter-
quartile range]: 0.41 mm/month [0.23-0.66 mm/month] vs.
0.05 mm/month [-0.13 to 0.22 mm/month]; P<0.05; Figure 4).

The sizes of the right and left ventricles did not differ be-

tween the 2 groups (Table 3). In the 1% trimester of pregnancy,
patients in group D had more frequent moderate to severe aor-
tic valve regurgitation (6/11, 55% vs. 2/17, 12%; P<0.05) and
mitral valve regurgitation (6/11, 55% vs. 3/17, 18%; P<0.05).
These effects were already present before conception and may
be 1 of the causes of dilatation or dissection.

Discussion

This is the first study to investigate the risk factors for preg-
nancy-associated dilatation or dissection in Japanese patients
with Marfan syndrome. The risk factors that differed signifi-
cantly between groups D and ND were mostly consistent with
those found in previous studies.” %14 These factors included a
large sinus of Valsalva, rapid growth of the sinus of Valsalva
during pregnancy, moderate to severe aortic valve or mitral
valve regurgitation, and a family history of sudden death or
aortic dissection.

We found that a large sinus of Valsalva (240mm) at the
start of pregnancy was a risk factor for dilatation or dissection
during pregnancy and after birth. The present result differs
from the findings of the relatively large prospective study by
Meijboom et al, in which it was concluded that pregnancy in
women with Marfan syndrome seems to be relatively safe up
to an aortic root diameter of 45mm,'® and from Canadian
guidelines that recommend that women with an aortic root
diameter beyond 44 mm should be strongly discouraged from
becoming pregnant.** Taking into account that Japanese
women have a generally smaller physique than European and
North American women, we recommend that the cut-off for
Japanese patients for advice regarding avoidance of pregnancy
should be a sinus of Valsalva diameter >240mm, rather than
>45mm. In a case report on a patient who developed a mas-
sive retrograde type B aortic dissection 7 days after normal
spontaneous vaginal delivery, Gandhi et al described the
patient as “petite” (body surface area, 1.69m?), but this is still
larger than the average Japanese woman.?s

We also suggest that normalizing the diameter of the sinus
of Valsalva with regard to body surface area (diameter of the
Valsalva/body surface area; mm/m?) may be more appropriate
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for detection of high-risk cases at the start of pregnancy. The
relative aortic size was first used to predict complications in
patients with thoracic aortic aneurysms.!”” We found that an
ASI 225mm/m? in the 1 trimester is associated with a high
risk for aortic dilatation or dissection during pregnancy and
after birth. The ASI is a novel measurement of relative aortic
size that predicts rupture of aortic aneurysm,!” and Davies et
al found that the ASI was more important than absolute aortic
size in predicting aortic complications, especially in smaller
women such as those in the Japanese population.!” We found
that there was more rapid growth of the sinus of Valsalva in
patients with Marfan syndrome with pregnancy-associated
aortic dilatation or dissection, compared to those without these
conditions. Therefore, even if the diameter of the sinus of the
Valsalva is small, rapid growth carries a risk of aortic dissec-
tion or dilatation. The same phenomenon has been reported in
non-pregnant cases of Marfan syndrome. Meijboom et al fol-
lowed 108 women with Marfan syndrome and aortic root
growth prospectively using serial echocardiograms, and found
that the patients could be divided into 2 normally distributed
groups based on aortic growth rates: 90% had slow growths
and 10% had fast growth.! Significantly more dissections of
the ascending aorta (25% vs. 4%, P<0.001) were observed in
the fast growth group, and the average growth of the sinus of
Valsalva in the fast group was 1.8 mm/year. The median
growth in the present 5 cases of aortic dissection was as high
as 4.1 mm/year. This large increase relative to that in the
Meijboom et al study!® is probably due to the maternal cardio-
vascular changes in pregnancy, including increased blood
volume, heart rate, and stroke volume.?s Furthermore, hor-
monally mediated histological changes also occur in the aorta,
including a decrease in mucopolysaccharides and loss of elastic
fibers in the aortic wall.?6-28 Care is therefore required in treat-
ing patients with a high growth rate of the sinus of Valsalva.
The frequency and degree of aortic and mitral valve regurgita-
tion were also higher in patients with aortic dilatation or dis-
section, and these valvular changes may have been the causes
of dilatation or dissection.

An international expert panel established the revised Ghent
criteria in 2010, which, first, focused more on cardiovascular
manifestations, and in which aortic dilatation/dissection and
ectopia lentis are the cardinal clinical features.?” Second, in
these revised criteria, a more prominent role is assigned to
molecular genetic testing of FBN1 and other relevant genes in
the diagnostic assessment. Third, some of the less specific
manifestations of Marfan syndrome were either removed or
made less influential in the diagnostic evaluation of patients.
The new criteria also differentiate Marfan syndrome from
Marfan-related syndromes such as Loeys-Dietz syndrome,
Ehlers-Danlos syndrome, and familial thoracic aortic aneu-
rysm syndrome, which are associated with a significantly
greater risk of cardiovascular problems.?-3! In the present
study, patients with dilatation or dissection of the aorta were
less likely to meet major ocular criteria, and more likely to
meet the major cardiovascular criteria and had a more frequent
family history of dilatation or dissection. These findings indi-
cate that the new diagnostic criteria for Marfan syndrome
facilitate identification of high-risk patients for pregnancy-
associated dilatation or dissection more accurately.

Study Limitations

The disease severity of the present patients may have been
higher than that of general Marfan syndrome patients because
the National Cerebral and Cardiovascular Center is a referral
center for cardiovascular diseases, and we also perform gene

analysis.”> Therefore, most Marfan syndrome patients are
referred to our center due to cardiovascular complications and
many have a family history of aortic complications. Also,
because we investigated the clinical courses of Marfan syn-
drome patients associated with pregnancy in one institution,
only 28 patients were included in the study. The small number
of subjects prevented correction of the results for the effects
of potential confounding factors such as hypertension, and we
could not perform multifactorial analysis. The present study,
however, has the advantage of clear definition of medical and
surgical treatment and obstetric management. Measurements
of the aorta, ventricle and atrium, and the degree of mitral and
aortic valve regurgitation were also better defined in the present
study compared with multi-center studies. In future research
we plan to investigate a larger cohort of patients to clarify the
risk factors for dilatation or dissection of the aorta in patients
with Marfan syndrome during pregnancy.

Conclusion

An increased size of the sinus of Valsalva (>40 mm) was found
in Japanese patients with Marfan syndrome who experienced
aortic dilatation or dissection during or after pregnancy. The
ASI (size of the sinus of Valsalva/body surface area) is a better
indicator of the risk for aortic dilatation or dissection during
pregnancy and after birth, compared to the absolute size of the
sinus of Valsalva. Until a molecular-based approach is avail-
able to identify patients at high cardiovascular risk, echocar-
diographic variables will remain as the most important prog-
nostic factors. Prospective validation of the present proposed
criteria is needed, but we suggest that the present strategy may
be particularly useful for treatment of women with a small
physique, who are common in the Japanese population.
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