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Aims The risk of pregnancy in women with heritable thoracic aortic disease (HTAD) is estimated to be high, but supporting data are 
scarce. The aim of this study is to prospectively investigate pregnancy outcomes to improve patient management and care.

Methods 
and results

The Registry of Pregnancy and Cardiac disease (ROPAC) III is a prospective global registry including pregnant women with 
known aortic pathology between 2018 and 2023. Cardiac, obstetric and fetal outcomes, beta-blocker use, and the impact of 
breastfeeding were investigated. Additionally, changes in aortic diameters were assessed. In total, 176 pregnancies in 170 
women (mean age 32 years, 56% primigravida) with HTAD were included: 122 with Marfan syndrome, 14 with Loeys– 
Dietz syndrome, 10 with ACTA2 variants, and 30 with other diagnoses. There was no maternal or neonatal mortality, while 
six (3.4%) fetal deaths occurred. Thirteen (7.6%) women suffered a major adverse cardiac event (MACE), including six (3.5%) 
aortic dissections (three during and three after pregnancy). Beta-blockers were used throughout pregnancy by 83 (47%) 
women. Women taking beta-blockers did not experience less MACE, aortic dissection, or aortic growth. Breastfeeding wo
men had a significantly lower occurrence of MACE compared with non-breastfeeding women. The aortic diameter showed 
significant growth during pregnancy.

Conclusion The aortic dissection rate in this cohort of women with HTAD diagnosis prior to pregnancy, under surveillance in specialized 
clinics, was lower than previously reported. Our results suggest that pregnancy might have some effect on aortic growth and 
dissections did occur. This warrants close monitoring, also after delivery. Importantly, we found no association between 
breastfeeding and post-partum complications.
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Graphical abstract
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Key Learning Points
What is already known:

• Women with HTAD have an increased risk of pregnancy-related aortic events.

What this study adds:

• The pregnancy related aortic dissection rate in women with known diagnosis prior to pregnancy, under surveillance in specialized clinics, was 
3.5% and is lower than previously described. Significant growth of the aorta was observed during pregnancy, with no clear effect of beta- 
blockers. There was no association between breastfeeding and post-partum complications, suggesting that breastfeeding should not be dis
couraged in these women, although larger studies are needed to confirm these findings.

Introduction
Heritable thoracic aortic disease (HTAD) comprises a clinically and 
genetically heterogeneous group of disorders, which are associated 
with high rates of complications. These patients are predisposed to dila
tation of the thoracic aorta and aortic dissection or rupture with a high 
mortality risk. Syndromic forms of HTAD include Marfan syndrome 
(MFS), vascular Ehlers–Danlos syndrome, and Loeys–Dietz syndrome 
(LDS), while non-syndromic forms include familial thoracic aortic dis
ease (FTAD) affecting individuals who have a confirmed pathogenic 
variant (PV) in one of 11 causal HTAD genes. ACTA2 PVs are the 
most common genetic cause of FTAD worldwide.1-3

During pregnancy, the overall risk of aortic complications is in
creased due to the haemodynamic and hormonal changes that occur 
to meet the demands of mother and foetus.4-7 Studies show that aortic 
dissection is one of the main causes of death in pregnant women.8 One 

of these studies also established that the incidence of aortic dissection 
has not decreased over the past decades, while other cardiovascular 
causes of maternal mortality have been declining.9,10

Previous research on patients with MFS suggests that the pregnancy 
period is associated with a 5-fold increased risk of aortic dissection.11,12

However, these are mostly retrospective, single-centre studies, and 
therefore subject to selection bias.13-16 Subsequently, there are negli
gible data on pregnancy outcomes in patients with rare forms of 
HTAD such as LDS and ACTA2 PVs, and such studies that exist are small 
and none are prospective.17-19 Indeed, a previous study with data from 
the Registry of Pregnancy and Cardiac disease (ROPAC) I-II is the only 
global, prospective study, which included patients with HTAD to 
date.20 In addition to the lack of large prospective studies on this topic, 
there are some outcomes that are barely addressed in previous studies. 
For example, there is little information on genetic data and prospective 
longitudinal measurements of the aortic diameter are lacking as well. 

1092                                                                                                                                                                                      P.N.J. Peters et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjqcco/article/11/7/1091/8176639 by Biologibiblioteket user on 22 M
ay 2026



Reliable data are needed to support clear guidelines on how to advise 
and manage patients with HTAD around pregnancy.

To address the remaining gaps in knowledge on this topic, the 
EURObservational Research Programme (EORP) of the European 
Society of Cardiology (ESC) initiated the ROPAC III in 2018 as a con
tinuation from the earlier ROPAC I-II study. ROPAC III was designed 
to be a novel global prospective registry focusing on two groups of 
pregnant patients: those with a prosthetic heart valve or those with 
aortic disease, identified before pregnancy, with the aim of obtaining 
detailed unbiased information and imaging in these patients.

In this paper, we aim to describe the prospectively collected preg
nancy outcomes in women with HTAD (MFS, LDS, and ACTA2 PV) 
or other known aortic pathology (dilatation, dissection) prior to the 
current pregnancy, focusing on aortic diameter, cardiac function, preg
nancy complications, and fetal outcome. The results of this study intend 
to improve patient management and care, including risk stratification, 
medication use, mode of delivery, and advice on breastfeeding.

Methods
Study design
Registry of Pregnancy and Cardiac disease is an international, prospective, 
observational registry initiated in 2007 by the ESC as a part of the EORP 
to study pregnant women with structural heart disease. In 2018, ROPAC 
III commenced focusing exclusively on pregnant women with prosthetic 
valves and/or aortic pathology. The EORP invited all members in the 
ESC, in the Association for European Pediatric and Congenital Cardiology 
(AEPC), and in ROPAC I-II to participate in ROPAC III. The National 
Societies and their Working Groups on Congenital Heart Disease and 
Valve Disease were invited to assist in the recruitment of participating cen
tres. Ethical approval or Institutional Review Board approval was obtained 
according to local legislation. The registry started in January 2018 and preg
nancies were included prospectively after obtaining informed consent until 
April 2023. For the ROPAC III, inclusion criteria were pregnancies in wo
men known to have one or more prosthetic valves and/or known aortic 
pathology or genetic conditions associated with aortic pathology who 
were diagnosed before pregnancy.

In the current study, pregnant women who were included in the registry 
between January 2018 and April 2023, and had been diagnosed with HTAD 
before pregnancy including MFS (FBN1), LDS (TGFB pathway genes) and 
ACTA2, PKRG1, LOX, and MYLK/FLNA PVs, or with other aortic pathologies 
(dilatation >40 mm, or dissection without recognized genetic PV) before 
pregnancy were included. Women with a bicuspid aortic valve were not in
cluded in this study.

Study definitions and outcomes
Baseline characteristics recorded pre-pregnancy included age, parity, 
demographics, risk factors such as family history of dilatation/dissection, 
body mass index (BMI), smoking status, left ventricular ejection fraction, 
New York Heart Association (NYHA) functional class, or underlying 
(cardiac) disease including hypertension, diabetes mellitus, renal disease, 
angina, clinical signs of heart failure before pregnancy, cyanosis, or non- 
cardiac disease. Countries were categorized as a low-middle income 
country (LMIC) or a high-income country (HIC).21 Diagnosis details in
cluded pre-pregnancy information on genetic testing, measurements of 
the thoracic aorta, dilatations, prior dissections, prior interventions, and 
additional cardiovascular diagnoses. Aortic dilatation was defined as 
diameter >36 mm at any location of the thoracic aorta in line with cur
rent guidelines. To include women in this study with no known genetic 
diagnosis, a diameter of >40 mm or previous aortic dissection was required. 
With the information about weight, height, age, and maximum thoracic aorta 
diameter, the Campens Z-score was calculated.22 Moreover, obstetric 
history, complications during previous pregnancies and use of cardiac 
medication were recorded.

The primary outcome was the occurrence of a major cardiac event or ma
ternal mortality (MACE) during pregnancy, delivery, or the post-partum per
iod (up to 6 months post-partum). Cardiac events included aortic dissection, 
rapid aortic growth (>3 mm during pregnancy) of any aortic segment, any 

new diagnosis of congestive heart failure or arrhythmia, thromboembolic 
complications (thrombosis/pulmonary embolism/stroke), or endocarditis.

Other outcomes included obstetric and fetal complications. Obstetric 
events during pregnancy included hypertensive diseases of pregnancy,23 and 
gestational diabetes (diagnosed according to local criteria). Adverse fetal out
comes consisted of intra-uterine growth restriction (IUGR; a fall in estimated 
fetal weight below the 10th percentile occurring over three scans, the first per
formed after 20 weeks of gestation), early miscarriage (fetal death <14 weeks 
of gestation), late miscarriage (fetal death 14–23 weeks of gestation), stillbirth 
(fetal death ≥24 weeks of gestation), and therapeutic abortions.

Furthermore, delivery outcomes were recorded if delivery occurred ≥16 
weeks of gestation. Delivery outcomes included gestational age (GA) at de
livery and mode of delivery. Emergency caesarean section (CS) was defined 
as a CS taking place <24 h after the decision to deliver was made. Neonatal 
outcomes included sex, number, Apgar score, and birth weight. Adverse 
neonatal outcomes were small for GA (birth weight <10th percentile), con
genital (heart) disease, and neonatal mortality.

The follow-up period was extended to 6 months to assess breastfeeding 
status and any additional complications that happened during the post- 
partum period.

Echocardiographic and aortic imaging (CT/MRI) data were obtained be
fore, during, and after pregnancy, recording data on the diameter of the aor
ta (including the annulus, sinus of Valsalva, sinotubular junction, ascending 
aorta, aortic arch, and descending thoracic aorta).

Statistical analysis
Data analysis was performed with IBM SPSS Statistics version 25.0 and R soft
ware version 4.3.2. Pre-pregnancy baseline characteristics were compared be
tween each diagnostic group. Cardiac events, obstetric events, fetal and 
neonatal outcomes, and delivery outcomes were compared between each 
diagnostic group as well. Moreover, breastfeeding and not breastfeeding wo
men were compared for several selected baseline characteristics and MACE 
during follow-up. The same approach was used for the beta-blockers use. 
Imaging data were analyzed as repeated measurements. Women with fewer 
than three measurements (before, during, and after) were still included in 
the analysis by grouping the patients. Additionally, we did an analysis including 
all patients who had at least two measurements (before and after).

Continuous outcomes are presented as mean values with standard devi
ation if normally distributed and as median values with interquartile ranges if 
skewed (assessed with one-sample Kolmogorov–Smirnov test). Categorical 
data are presented as numbers with percentages. Differences in continuous 
data were calculated using Student’s t-test, one-way analysis of variance, 
Mann–Whitney U-tests or Kruskal–Wallis H test, as appropriate. 
Differences in categorical data were calculated by chi-square tests and 
Fisher’s exact test (if cell counts were below five). For the imaging data, lin
ear mixed models were used to analyse repeated measurements. A paired 
t-test was used to analyse the difference between the mean diameters. 
Univariate logistic regression was used to establish predictors for aortic dis
section. Univariate and multivariate logistic regression was used to establish 
predictors for a low-risk group (zero events). A P value of <0.05 (two- 
sided) was considered significant for all analyses.

Results
Baseline characteristics
In this study, 170 women had 176 pregnancies (mean age 32 ± 5.4 
years, nulliparous 56%). They were included from 43 centres in 20 
countries. The cardiac condition of all patients was known pre- 
pregnancy. However, not everyone received pre-pregnancy cardiac 
or genetic counselling. In total, 111 (63%) women received cardiological 
counselling and 96 (54%) received genetic counselling. The pre- 
pregnancy baseline characteristics are presented in Table 1. The num
ber of missing data for all tables is summarized in Supplementary 
material online, Table S1. MFS was the largest group with 79 of the 
122 (64%) patients having a confirmed FBN1 variant and 14 women 
had LDS with a variant in the TGFB pathway. Ten women were carriers 
of an ACTA2 PV. The remaining 30 (17%) women were categorized in 
the ‘other’ group (see Supplementary material online, Table S2), 
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Table 1 Pre-pregnancy baseline characteristics

Total cohort (n = 176)
MFS 

(n = 122)
LDS 

(n = 14) ACTA2 PV (n = 10)
Othera

(n = 30) P valueb

Pre-pregnancy characteristics:

Age, years, mean (SD) 32.0 (5.4) 31.8 (5.7) 32.2 (4.9) 29.7 (4.4) 33.4 (4.9) 0.253

BMI, median (Q1-Q3) 23.1 
(20.4–25.6)

22.1 
(20.2–25.2)

22.1 
(20.5–24.6)

27.5 
(22.7–30.2)

24.7 
(21.7–27.5)

0.004

LMIC 49 (27.7%) 36 (29.5%) 0 0 13 (43.3%) 0.002

Nulliparity 96 (55.5%) 75 (63.6%) 7 (50.0%) 4 (40.0%) 9 (30.0%) 0.006

Complications during previous pregnancy 21/75 (28.0%) 11/42 (26.2%) 1/7 (14.3%) 2/5 (40.0%) 7/21 (33.3%) 0.096

Family history of dissection/aneurysm 68 (42.8%) 50 (45.0%) 6 (50.0%) 7 (70.0%) 4 (16.7%) 0.011

Aortic regurgitation 34 (21.1%) 22 (19.5%) 1 (7.1%) 0 11 (45.8%) 0.006

Mild 25 (15.5%) 16 (14.2%) 1 (7.1%) 0 8 (33.3%) 0.144

Moderate 7 (4.3%) 5 (4.4%) 0 0 2 (8.3%) 0.868

Severe 2 (1.2%) 1 (0.9%) 0 0 1 (4.2%) 0.521

Mitral regurgitation 60 (34.1%) 48 (42.5%) 3 (21.4%) 3 (30.0%) 6 (25.0%) 0.220

Mild 46 (26.1%) 36 (29.5%) 3 (21.4%) 3 (30.0%) 4 (13.3%) 0.321

Moderate 14 (8.0%) 12 (9.8%) 0 0 2 (6.7%) 0.732

Severe 0 0 0 0 0 —
Current smoker 8 (4.7%) 5 (4.2%) 0 0 3 (10.3%) 0.431

NYHA class >2 2 (1.2%) 1 (0.8%) 0 0 1 (3.3%) 0.531

Chronic hypertension 16 (9.0%) 6 (4.9%) 0 0 10 (33.3%) <0.001

Pulmonary hypertension 2 (1.2%) 1 (0.9%) 0 0 1 (3.6%) 0.508

Clinical signs of heart failure 3 (1.7%) 2 (1.6%) 0 0 1 (3.4%) 0.664

LVEF <40% 5 (3.0%) 4 (3.4%) 0 1 (11.1%) 0 0.335

Angina 1 (0.6%) 0 0 0 1 (3.4%) 0.303

Cyanosis 0 0 0 0 0 —
Diabetes mellitus 4 (2.3%) 2 (1.7%) 0 0 2 (6.7%) 0.433

Renal disease 1 (0.6%) 0 0 0 1 (3.3%) 0.305

Major NCDc 21 (12.1%) 13 (10.9%) 3 (23.1%) 1 (10.0%) 4 (13.3%) 0.636

Diagnosis details:

Genetic testing 111 (62.7%) 79 (64.2%) 14 (100%) 10 (100%) 7 (23.3%) <0.001

Positive testing 102 (58.3%) 79 (64.2%) 14 (100%) 10 (100%) 3 (10.0%) <0.001

Aortic dilatation > 40 mm 50 (30.7%) 28 (23.0%) 2 (15.4%) 3 (30.0%) 17 (63.0%) 0.002

Ascending 48 (29.4%) 28 (23.0%) 1 (7.7%) 3 (30.0%) 16 (59.3%) 0.262

Descending 1 (0.6%) 0 0 0 1 (3.7%) 0.027

Ascending + descending 1 (0.6%) 0 1 (7.7%) 0 0 0.133

Aortic dissection 9 (5.4%) 3 (2.5%) 0 2 (20.0%) 4 (14.8%) 0.011

Type A 5 (3.0%) 1 (0.8%) 0 1 (10.0%) 3 (11.1%) 0.153

Type B 4 (2.4%) 2 (1.6%) 0 1 (10.0%) 1 (3.7%) 0.397

Maximum diameter TA, mm, mean (SD) 35.5 (5.8) 34.9 (5.5) 34.9 (2.5) 31.8 (3.6) 40.3 (6.4) <0.001

Campens Z-score (range) 2.11 

(23.8–35.0)

1.95 

(23.8–35.0)

2.08 

(23.5–34.5)

0.82 

(24.2–35.6)

3.32 

(24.0–35.3)

—

Prior interventions:

AA replacement 20 (11.3%) 15 (12.3%) 0 2 (20.0%) 3 (8.8%) 0.427

AA + AV replacement 12 (6.8%) 6 (4.9%) 1 (7.7%) 1 (10.0%) 4 (11.8%) 0.242

Emergent surgery for aortic dissection 5 (2.8%) 2 (1.6%) 0 1 (10.0%) 2 (5.9%) 0.164

(T)EVAR 3 (1.7%) 1 (0.8%) 0 0 2 (5.9%) 0.221

Other aortic surgeryd 4 (2.3%) 2 (1.7%) 1 (7.7%) 0 1 (2.9%) 0.353

Continued
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which included women who harboured a rare PV in PKRG1 (n = 1), LOX 
(n = 1), or MYLK/FLNA (n = 1), or who had pre-existing aortic patholo
gies such as thoracic aortic dilatation (n = 23) or aortic dissection (n =  
4). In the ‘other’ group, only seven (23%) patients had genetic testing. 
Information on probands and cascade screening was unavailable. 
Detailed information about the genes and the PVs can be found in 
Supplementary material online, Table S3. We have no information on 
indication for genetic testing or syndromic features.

In total, nine (5.4%) women had survived a previous aortic dissec
tion. Of the multiparous women, 21 (28%) had had at least 1 compli
cation during a previous pregnancy including 3 type A aortic 
dissections, a thrombotic complication, any hypertensive disorder in 
4, and the remaining were intrauterine deaths (N = 2) or spontaneous 
abortions (N = 11). Fifty (31%) women had a history of dilatation 
(>40 mm): 22 of these women underwent ascending aorta (AA) re
placement. Another 11 women also underwent AA or AA+ aortic 
valve (AV) replacement prior to this pregnancy either after dissection 
or as prevention. Pre-pregnancy, 82 (46%) women were taking 
beta-blockers, 18 (10%) women angiotensin receptor blockers or 
angiotensin-converting enzyme inhibitors (ACE-inhibitors), 13 (7.3%) 
women anticoagulation, and 12 (6.8%) women antiplatelets. Anticoagu
lation and antiplatelet medication was mostly taken due to the presence 
of a mechanical valve.

Cardiovascular events
No maternal mortality occurred in this cohort (Table 2). In total, 13 
(7.6%) women presented with a MACE (Table 3). Six (3.5%) of these 
women had an aortic dissection. Rapid aortic growth of >3 mm whilst 
pregnant was reported in six (3.4%) women, who all had a favourable 
outcomes. Three (1.8%) women developed heart failure (one had a 
pacemaker, one had signs of heart failure pre-pregnancy, all three had 
had an AA + AV replacement pre-pregnancy). Additionally, two 
(1.2%) had a thromboembolic event. Lastly, arrhythmias were observed 
in four (2.3%) women. The only woman who developed complications 
in the LDS group suffered two MACEs: acute thrombosis of the mech
anical AV (29 weeks GA) and heart failure (four months post-partum).

A low-risk group was identified by performing a multivariate logistic 
regression analysis (Table 4). We found that having no pre-existing 

hypertension or previous AA repair or replacement was associated 
with lower MACE.

Aortic dissections and history of aortic 
dissection
In total, six (3.5%) dissections occurred, two type A and four type 
B. Age, parity, and hypertension history did not differ compared to wo
men who did not have an aortic dissection. The women classified as 
‘other’ had a negative family history of dissection. There were no dis
sections in the LDS and ACTA2 groups.

Clinical sign of heart failure pre-pregnancy, NYHA class above II, and 
previous aortic dissection were found to be predictors for aortic dis
section (see Supplementary material online, Table S4). Previous AA 
(+AV) replacement was close to being a significant predictor.

Outcomes of patients who have had an aortic dissection prior to the 
current pregnancy are described in Supplementary material online, 
Table S5. The recurrence rate was 22%.

Outcomes of patients with dilated aorta 
pre-pregnancy
Pre-pregnancy, sixty (34%) women had an aortic diameter >36 mm 
(diameters ranged from 37 to 62 mm). No aortic dissection occurred 
during pregnancy in these 60 women. Five (8%) out of 60 women ex
perienced a MACE. There were two (3%) fetal deaths; one due to spina 
bifida and one due to twin-to-twin transfusion. In total, 31 (53%) wo
men delivered via CS, of which 10 were an emergency CS. Seven 
(12%) women had a MACE the first week after delivery, but no dissec
tion occurred. There were no neonatal or maternal deaths. During the 
follow-up period, eight (13%) women experienced a MACE, including 
one (2%) type B dissection. Her sinus of Valsalva (SoV) had a diameter 
of 40 mm prior to pregnancy and her AA was not dilated, while no in
formation on the descending aorta was available.

Obstetric and fetal outcomes
Table 5 shows the obstetric and fetal outcomes. There were no differ
ences observed between the diagnostic groups. In total, 10 (5.8%) 
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Table 1 Continued

Total cohort (n = 176)
MFS 

(n = 122)
LDS 

(n = 14) ACTA2 PV (n = 10)
Othera

(n = 30) P valueb

Medication use prior to pregnancy:

Beta-blockers 82 (46.3%) 64 (52.5%) 6 (46.2%) 5 (50.0%) 6 (20.0%) 0.014

ARBs + ACE-i 18 (10.2%) 13 (10.6%) 0 0 5 (16.7%) 0.304

Diuretics 2 (1.1%) 1 (0.8%) 0 0 1 (3.3%) 0.518

Anticoagulants 13 (7.3%) 7 (5.7%) 1 (7.1%) 1 (11.1%) 4 (13.3%) 0.352

Antiplatelet 12 (6.8%) 8 (6.6%) 3 (21.4%) 0 1 (3.3%) 0.167

Other cardiac medicatione 7 (4.0%) 5 (4.1%) 0 0 2 (6.7%) 0.867

The bold values indicate P < 0.05.
Data are presented as number (percentage), unless specified otherwise. Percentages are calculated using pairwise deletion. Missing data is reported in Supplementary material online, 
Table S1.
AA, ascending aorta; ACE-i, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; AV, aortic valve; BMI, body mass index; LMIC, low-middle income country; 
LVEF, left ventricular ejection fraction; NCD, non-cardiac disease; NYHA, New York Heart Association; TA, thoracic aorta; (T)EVAR, (thoracic) endovascular aortic repair.
aPatients with aortic dilatation or aortic dissection in medical history.
bP-value is calculated comparing all diagnostic groups.
cOften ectopia lentis, asthma, cerebrovascular accident.
dDissection repair with graft/patch, aortic root reconstruction/replacement.
eAnti-arrhythmic drugs, aldosterone blockers, calcium channel blockers, statins.
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women experienced a haemorrhagic event. Half of these women were 
taking anticoagulation or antiplatelets. Eight (4.5%) women experienced 
PIH or pre-eclampsia, and 12 (6.8%) women had gestational diabetes. 
There were nine (5.0%) women with a fetus suffering from IUGR. 
Eight of these women had MFS.

Six (3.4%) fetal mortalities were reported. These deaths were mis
carriages before 24 weeks (n = 3) or therapeutic abortions due to ma
ternal health (n = 1) or fetal anomalies (n = 2).

Delivery and neonatal outcomes
The delivery and neonatal outcomes are presented in Table 5. Most 
(59%) women delivered by CS, with the highest percentages in women 
with MFS (63%). Compared to women from a LMIC (46%), women 
from a HIC were more likely to deliver via CS (94%). The ‘other’ group 
had a relatively high percentage of emergency CS for cardiac reasons 
(20%) compared to the other groups.

In our cohort, 16% of women who delivered vaginally experienced 
complications during delivery and 6% had complications during the first 
week post-partum. In the group that delivered via CS, 6% of women 
had complications during delivery and 13% had complications during 
the first week post-partum.

No neonatal mortality was reported. Small differences were seen in 
GA at delivery, with the lowest median in the ‘other’ group (37 weeks). 
In total, there were 27 (15%) preterm births. The highest percentage of 
preterm births occurred in the ‘other’ group (37%). Of the 27 preterm 
births, 37% was spontaneous and 41% was iatrogenic. In the remaining 
22%, the start of labour was unknown.

Beta-blockers
Information on beta-blocker use during pregnancy was available in 81% 
of the pregnancies. In the whole cohort, 83 (47%) women took beta- 
blockers throughout pregnancy (Table 6). A total of 59 women did 
not use any beta-blockers during pregnancy. We found that women 
from LMICs were less likely to be taking beta-blockers throughout 
pregnancy (P = 0.013). The occurrence of MACE, aortic dissection or 
aortic growth >3 mm during pregnancy did not differ between the 
groups. The mean difference between the AA diameter before and 

after pregnancy did differ between the two groups. On average, the 
women taking beta-blockers did not experience less growth of the 
AA compared to the women not taking beta-blockers. Neonatal birth 
weight tended to be lower in the group taking beta-blockers but this 
difference was not statistically significant (P = 0.193).

Breastfeeding
Information on breastfeeding status was available in 138 women 
(Table 7). During follow-up (between 1 week post-partum and median 
6.5 months post-partum), 92 (67%) women were breastfeeding or had 
been breastfeeding, while 46 (33%) had not breastfed at all. Women 
from a LMIC were more likely to breastfeed (P = 0.031), while women 
who had a MACE during pregnancy were more likely not to breastfeed 
(P = 0.015). In the breastfeeding group, two (3.0%) women experi
enced a MACE during the post-partum period, and no aortic dissection 
was recorded. In the non-breastfeeding group, eight (20%) women had 
a MACE post-partum, of which one (2.4%) was an aortic dissection. 
The number of MACEs that occurred during the post-partum period 
was significantly different between the two groups (P = 0.007), even 
when adjusting for the women who had a MACE during pregnancy 
(P = 0.021).

Imaging data
Pre-pregnancy imaging data were available in 110 women (45% echo, 5% 
CT/MRI, 50% both). During pregnancy, imaging was almost exclusively 
performed with echo (n = 158, 98% echo, 1% CT/MRI, 1% both). 
During the post-partum period, imaging data were available in 116 wo
men (66% echo, 8% CT/MRI, 26% both). The imaging data on the aortic 
diameter of the total cohort are depicted in Figure 1. Each segment of 
the aorta was measured separately at any time point before, during, 
and after pregnancy. Significant growth was observed at the level of 
the SoV, AA and aortic arch. Furthermore, the imaging data on the 
AA and the SoV specifically were analysed per diagnostic group 
(Figures 2 and 3). The mixed models analysis showed significant growth 
at both segments in the MFS group. No statistical significance was found 
in the other diagnostic groups. An additional analysis (see 
Supplementary material online, Table S6) including only women who 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Maternal cardiovascular events during pregnancy, first week post-partum and follow-up

Total cohort (n = 176)
MFS 

(n = 122)
LDS 

(n = 14) ACTA2 PV (n = 10)
Other 

(n = 30) P value

MACE 13 (7.6%) 9a (7.3%) 1b (8.3%) 0 3 (10.3%) 0.943

Maternal mortality 0 0 0 0 0 —
Aortic dissection 6 (3.5%) 4 (3.3%) 0 0 2 (6.7%) 0.708

Type A 2 (1.2%) 1 (0.8%) 0 0 1 (3.0%) 0.171

Type B 4 (2.3%) 3 (2.4%) 0 0 1 (3.0%) 0.272

Rapid aortic growth >3 mm whilst pregnant 6 (3.4%) 4 (3.3%) 0 0 2 (6.1%) 0.722

Heart failure 3 (1.8%) 2 (1.6%) 1 (8.3%) 0 0 0.402

Thromboembolic event 2 (1.2%) 0 1 (8.3%) 0 1 (3.4%) 0.058

Endocarditis 0 0 0 0 0 —
Arrhythmia 4 (2.3%) 4 (3.3%) 0 0 0 1.000

Data are presented as count (percentage), unless specified otherwise. Percentages are calculated using pairwise deletion. Missing data are reported in Supplementary material online, 
Table S1.
MACE, major adverse cardiac event (combined endpoint including maternal mortality, aortic dissection, heart failure, thromboembolic events, endocarditis, or arrhythmias.
aOne woman with both heart failure and an aortic dissection.
bOne woman with both heart failure and a thromboembolic event.
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had two measurements (before and after pregnancy) was performed, 
confirming the significant growth in the MFS group at the AA segment. 
The SoV growth was not significant in this analysis.

Discussion
This study is the first to report on pregnancy outcomes in women from 
all over the world, who have been prospectively included and diagnosed 
with HTAD before pregnancy, and in whom imaging data were col
lected throughout pregnancy. In this cohort, there were no maternal 
or neonatal deaths, and the incidence of aortic dissection during preg
nancy and 6 months post-partum was lower (3.5%) than previously re
ported. Women with no pre-existing hypertension or previous AA 
repair or replacement are at low risk of developing a MACE peripar
tum. In a separate univariate logistic regressions analysis, we found an 
association between clinical signs of heart failure, NYHA class > II or 
a previous aortic dissection, and aortic dissection during pregnancy 
or post-partum. Additionally, 59% of the women delivered by CS, 
and 27 (15%) infants were born preterm. Women who breastfeed 
did not experience more MACEs or dissections. Significant growth of 
the aorta during pregnancy in the entire cohort was observed at the le
vel of the SoV, AA, and the aortic arch. In the MFS group specifically, 
significant growth was found at the AA and SoV.

Aortic dissection
The incidence of aortic dissection (3.5%) is substantially higher than re
ported in the ‘normal’ pregnant or post-partum population, with a re
ported dissection incidence of 1.19 per 100.000 (0.0012%) patients.6

This implies that women with HTAD are almost 3000 times more likely 
to develop an aortic dissection during pregnancy than the ‘normal’ 
pregnant population.

However, the dissection and mortality rates of this cohort are lower 
compared to previous data on women with HTAD.12,17,24 Our results 
probably give a more accurate assessment of the number of dissections 
and deaths due to the inclusion criteria of this study. In our cohort, 
HTAD patients, diagnosed before pregnancy were included.

Of the six women who had an aortic dissection during this preg
nancy, two women suffered a type A dissection. It is still difficult to pre
dict who will suffer a type A dissection and who will not. Unfortunately, 
we only have imaging data from before the dissection in one of the two 
patients. We found that her AA measured 45 mm several weeks before 
the dissection happened. No pre-pregnancy data were available.

Another notable finding is that three out of six aortic dissections oc
curred in the post-partum period. These results suggest that it is im
portant to continue monitoring and imaging in the first weeks/ 
months after delivery, at least until 3 months post-partum.

The recurrence rate of the nine women who had suffered a dissec
tion prior to this pregnancy was 22%. This is an extremely high percent
age but is consistent with a retrospective case series of MFS patients, 
reinforcing the current guidelines’ recommendations that women 
with previous aortic dissections are high risk for a new pregnancy.25

Our data should be interpreted cautiously due to the small sample size.

Specific diagnoses
In the MFS group, 4 out of 122 (3.3%) women suffered an aortic dissec
tion. Three of these were a type B dissection. High numbers of type B 
dissections compared to type A dissections in MFS patients have been 
previously reported.16 Risk prediction for type B dissection is difficult as 
often dissections occur at descending aorta diameters below surgical 
thresholds. In the available pre-pregnancy measurements of the descend
ing thoracic aorta, none were dilated. This highlights that other markers 
for type B dissection risk prediction are needed. Furthermore, MFS pa
tients also had relatively high rates of haemorrhagic events (4.0%). 
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Two out of these five women were taking anticoagulation due to the 
presence of a prosthetic valve.

A retrospective multi-centre study on LDS patients found an aortic dis
section rate of 1.6% associated with pregnancy.26 Another study specific
ally on pregnant women with LDS found no aortic dissection, but obstetric 
complications were common including post-partum haemorrhage (33%) 
and preterm birth (50%).18 In our group of women with LDS, no aortic 
dissections occurred and only one woman (8.3%) experienced complica
tions. She had a thromboembolic event at 29 weeks and later developed 
heart failure post-partum (Table 3). She had an aortic mechanical prosthet
ic valve and switched from vitamin K to low molecular weight heparin at 
approximately 6 weeks GA. Living in a rural area made it difficult for her to 
get regular check-ups. This case addresses the importance of access to 
healthcare, especially in case of abnormalities. In the LDS group, the off
springs had a relatively low birth weight (median 2940 g) compared to 
the other diagnostic groups, which could be explained by a combination 
of preterm birth (14%) and beta-blocker use (43%).

The women with an ACTA2 PV also had relatively few complications 
overall. Interestingly, their Campens Z-score was lower compared to 
the other groups, although this could be explained by the relatively 
high BMI in this group. Two out of 10 (20%) women developed gesta
tional diabetes. However, due to the small sample size, it is difficult to 
draw any firm conclusions from this ACTA2 cohort. In a larger study on 
patients with an ACTA2 PV, the dissection rate was 6%.17 This might be 
an overestimation due to the retrospective nature of this study, which 
included women diagnosed because they developed a dissection. 
Taking both studies in account, with slight caution, we can conclude 
that when counselling these patients, we should not immediately advise 
them against pregnancy.

In the ‘other’ group, one important aspect stood out. Relatively few 
women (27%) in this group had been genetically tested. We wonder 
why these women, who already have known aortic disease (dissection 
or dilatation) at this young age, were not tested or at least referred to a 
clinical geneticist for counselling. This could possibly improve the outcome 

of these pregnancies and would offer them the opportunity of pre- 
implantation genetic diagnosis. Additionally, the high percentage of emer
gency CS could be explained by the fact that the ‘other’ group was rela
tively older, more multiparous, and more often had chronic hypertension.

Medication
Previous research suggests that patients with MFS should use beta- 
blockers throughout pregnancy to limit aortic growth.27 For the other 
diagnostic groups, no data are available. In our cohort, we compared 
women who used beta-blockers throughout pregnancy with women 
who did not. Remarkably, we found that the women who used beta- 
blockers did not have a significantly better outcome regarding cardiac 
events, aortic dissections, or aortic growth. We did find that these wo
men delivered babies with a lower birth weight although the difference 
was not significant. A limitation to this analysis is that there is often a 
clear indication for patients to use beta-blockers. Either they have 
had an event or they have known aortic dilatation, meaning that their 
health condition is already worse than the health condition of women 
without beta-blockers. This could explain the slightly higher incidence 
of MACE, aortic dissection, and aortic growth during pregnancy in 
the beta-blocker group even though the difference was not significant. 
Possibly, without the beta-blockers, the outcome of this group would 
have been even worse. A previous study with data from ROPAC I-II 
found a similar outcome and they recommend using labetalol as its 
use was associated with a lower risk of fetal growth restriction,28 or 
perhaps other antihypertensive medication should be considered. 
Currently, we lack evidence to draw definitive conclusions about the 
use of beta-blockers. We do want to highlight that careful monitoring 
of the fetus is extremely important in women taking beta-blockers.

Breastfeeding
Information on breastfeeding in women with HTAD is extremely 
scarce. Ideally, a randomized controlled trial should be performed, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 4 Results of univariate and multivariate logistic regression for no MACE

Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age 1.010 0.923–1.105 0.826

BMI 0.955 0.872–1.045 0.315

LMIC 1.004 0.338–2.980 0.995

Nulliparity 1.518 0.554–4.164 0.417

Pre-existing hypertension 0.288 0.082–1.012 0.052 0.185 0.042–0.827 0.027

Current smoker 0.879 0.102–7.589 0.907

Ejection fraction <40% 0.157 0.022–1.117 0.064 0.222 0.013–3.834 0.294

Clinical signs of HF 0.221 0.019–2.564 0.227

NYHA > IIa 0.078 0.007–0.827 0.034 0.077 0.003–1.830 0.110

BB use 1.015 0.994–1.037 0.152

Previous aortic dilatation 0.453 0.167–1.223 0.118

Previous aortic dissection 0.197 0.045–0.870 0.032 0.674 0.114–4.004 0.665

Previous ascending aorta repair or replacement 0.170 0.061–0.474 <0.001 24.549 10.074–59.822 <0.001

Maximal diameter of thoracic aorta 1.029 0.898–1.179 0.654

The bold values indicate P < 0.05.
After multiple imputations for age, BMI, nullipara, smoking, ejection fraction <40%, NYHA > II, cyanosis, non-cardiac disease, maximal diameter of the thoracic aorta.
Logistic regression not possible for diabetes mellitus, renal disease, and atrial fibrillation/flutter due to quasi separation.
BB, beta-blocker; BMI, body mass index; CI, confidence interval; HF, heart failure; LMIC, low-or-middle-income country; NYHA, New York Heart Association classification; OR, odds ratio.
aNYHA class was established at the start of the current pregnancy.
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but this is not feasible as women often have a clear preference. It has 
been suggested, based on an animal study, that breastfeeding might in
crease the risk of complications in these women due to the secretion of 
oxytocin.29 Although our numbers are limited, this is the first study to 
provide information on this subject in humans. The comparison be
tween the breastfeeding and non-breastfeeding group in our cohort, 
did not suggest that breastfeeding is harmful. On the contrary, there 
was even a slight indication that breastfeeding might be associated 
with lower event rates. However, the results could be biased as women 
may not be breastfeeding because their clinical condition was already 
worse or they required medication that is not compatible with breast
feeding. On the other hand, a MACE incidence of 3.0% is still relatively 
low, and no aortic dissections occurred. Being able to breastfeed can be 
extremely important for women; therefore, at this point, although 
based on a small sample size, our results indicate that there is no reason 
to advise against breastfeeding.

Imaging data
Until now, few studies have been performed describing aortic growth 
during pregnancy. One study in patients with Turner syndrome found a 
significant yet not clinically relevant increase at the sinotubular junction, 
and a similar study found no faster increase of the AA during preg
nancy.30,31 Another study on aortic root growth during pregnancy in 
patients with MFS found no significant growth.14 Our imaging results 
give a first insight into the impact of pregnancy on the diameter of 
the whole aorta in HTAD patients. Looking at the total cohort and 
each segment separately, there is an upward trend in diameter. This 
growth was significant in the SoV, the AA, and the aortic arch. The 
growth of the SoV could be explained by the large proportion of wo
men with MFS, as this segment is most affected in these patients. A limi
tation to this method of analysis is that we cannot say anything about 
the individual situation or specific diagnoses. But, in general, some aortic 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Obstetric, delivery, fetal, and neonatal outcomes

Total cohort 
(n = 176)

MFS 
(n = 122)

LDS 
(n = 14)

ACTA2 PV  
(n = 10)

Other 
(n = 30) P value

Obstetric outcomes:

Haemorrhagic event 10 (5.8%) 5 (4.1%) 0 1 (11.1%) 4 (12.1%) 0.169

Hypertensive disorder 8 (4.5%) 4 (3.3%) 1 (7.1%) 0 3 (8.8%) 0.364

PIH 2 (1.1%) 1 (0.8%) 0 0 1 (2.9%) 0.539

Pre-eclampsia 6 (3.3%) 3 (2.4%) 1 (7.1%) 0 2 (5.9%) 0.396

Eclampsia/HELLP 0 0 0 0 0 —
Gestational diabetes 12 (6.8%) 9 (7.4%) 0 2 (20.0%) 1 (3.3%) 0.257

Fetal outcomes:

IUGR 9 (5.1%) 8 (6.5%) 0 0 1 (2.9%) 0.915

Fetal mortality 6 (3.4%) 4 (3.3%) 0 1 (10.0%) 1 (3.0%) 0.461

Early miscarriage (<14 weeks) 1 (0.6%) 1 (0.8%) 0 0 0 1.000

Late miscarriage (14–23 weeks) 2 (1.1%) 1 (0.8%) 0 1 (10.0%) 0 0.177

Stillbirth 
(≥24 weeks)

0 0 0 0 0 —

Therapeutic abortions 3 (1.7%) 2 (1.6%) 0 0 1 (2.9%) 0.689

Maternal health 1 (0.6%) 1 (0.8%) 0 0 0 1.000

Fetal anomalies 2 (1.1%) 1 (0.8%) 0 0 1 (2.9%) 0.539

Psycho-social 0 0 0 0 0 —
Delivery outcomes:

Cesarean section 101 (58.7%) 75 (62.5%) 4 (30.8%) 5 (50.0%) 17 (60.7%) 0.098

Emergency cesarean section 23 (13.1%) 12 (9.8%) 1 (7.1%) 2 (20.0%) 8 (26.7%) 0.024

For cardiac reason 8 (4.5%) 1 (0.8%) 1 (7.7%) 0 6 (20.0%) <0.001

Neonatal outcomes:

GA at delivery, weeks, median (Q1-Q3) 38 (37–39) 38 (38–39) 38 (37–40) 39 (38–40) 37 (35–38) 0.010

Preterm birth <37 weeks 27 (15.3%) 14 (11.5%) 2 (14.3%) 0 11 (36.7%) 0.007

Birth weight, grams, median (Q1-Q3) 3057 (2696– 
3410)

3068 (2708– 
3349)

2940 (2667– 
3565)

3450 (3265– 
3855)

2960 (2400– 
3350)

0.012

Small for GA 23 (13.7%) 18 (15.3%) 1 (7.7%) 0 4 (14.3%) 0.704

Congenital heart disease 6 (3.7%) 3 (2.6%) 1 (9.1%) 0 2 (7.1%) 0.298

Other congenital disease 7 (4.3%) 6 (5.3%) 0 1 (11.1%) 0 0.303

Neonatal mortality 0 0 0 0 0 —

The bold values indicate P < 0.05.
Data are presented as count (percentage), unless specified. Percentages are calculated using pairwise deletion. Missing data are reported in Supplementary material online, Table S1. 
Haemorrhagic event is a combined endpoint with minor and major haemorrhages that occurred during pregnancy, during delivery, or post-partum.
GA, gestational age; IUGR, intra-uterine growth restriction; PIH, pregnancy-induced hypertension.
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Table 6 Comparing women who took beta-blockers against women who did not take beta-blockers throughout 
pregnancy

Beta-blockers (n = 83)a No beta-blockers (n = 59)b P value

Baseline characteristics:

Age, years, mean (SD) 31.7 (5.3) 32.6 (5.7) 0.317

LMIC 17 (20.5%) 16 (27.1%) 0.013

Diameter SoV, mm, mean (SD) 35.3 (4.2) 35.5 (4.8) 0.861

Diameter AA, mm, mean (SD) 29.2 (5.0) 32.0 (6.7) 0.041

Diameter aortic arch, mm, mean (SD) 21.8 (3.5) 23.9 (5.6) 0.124

Aortic dissection before pregnancy 6 (7.2%) 2 (3.4%) 0.599

Aortic dilatation before pregnancy 22 (26.5%) 20 (33.9%) 0.496

Pregnancy outcomes:

MACE 8 (9.9%) 4 (7.1%) 0.483

Aortic dissections 3 (3.7%) 3 (5.3%) 0.412

Rapid aortic growth >3 mm 

whilst pregnant

4 (4.8%) 1 (1.7%) 0.859

Mean difference AA diameter before and after pregnancy (mm) +1.0 +0.1 0.498

Birth weight, grams, median (Q1-Q3) 2935 (2680–3240) 3140 (2680–3450) 0.193

The bold values indicate P < 0.05.
Data are presented as number (percentage), unless specified otherwise. Percentages are calculated using pairwise deletion.
AA, ascending aorta; LMIC, low-middle income country; MACE, major adverse cardiac event; SD, standard deviation; SoV, sinus of Valsalva.
aMFS: 82%, LDS: 7%, ACTA2: 5%, other: 6%.
bMFS: 47%, LDS: 10%, ACTA2: 7%, other: 36%.
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Table 7 Comparing breastfeeding and not breastfeeding women

Breastfeeding (n = 92)a Not breastfeeding (n = 46)b P value

Baseline characteristics and pregnancy outcomes:

Age, years, mean (SD) 32.0 (5.5) 31.9 (6.3) 0.970

LMIC 37 (40.2%) 10 (21.7%) 0.031

Diameter SoV, mm, mean (SD) 35.1 (4.2) 36.3 (4.2) 0.296

Diameter AA, mm, mean (SD) 30.3 (5.4) 30.6 (5.9) 0.818

Diameter aortic arch, mm, mean (SD) 22.6 (3.2) 22.5 (5.9) 0.967

MACE during this pregnancy 1 (1.1%) 5 (11.1%) 0.015

Follow-up outcomes (1 week pp until median 6 months pp):

BB use post-partum 64 (69.6%) 30 (65.2%) 0.699

MACE post-partum 2c (3.0%) 8d (19.5%) 0.007

MACE post-partum (HIC) 1 (1.9%) 4 (11.4%) 0.076

MACE post-partum (LMIC) 0 3 (30.0%) 0.007

MACE post-partum (adjustede) 1 (1.5%) 5 (13.9%) 0.021

Aortic dissection post-partum 0 1 (2.4%) 0.383

The bold values indicate P < 0.05.
Data are presented as number (percentage), unless specified otherwise. Percentages are calculated using pairwise deletion.
BB, beta-blocker; LMIC, low-middle income country; MACE, major adverse cardiac event; pp, post-partum; SD, standard deviation.
aMFS: 76%, LDS:2%, ACTA2: 6%, other: 16%.
bMFS: 70%, LDS: 9%, ACTA2: 4%, other: 17%.
cAtrial fibrillation, infection (bacteraemia + mastitis + endocarditis).
dAortic stenting, heart failure + prosthetic valve complication, heart failure + aortic dissection, mitral valve insufficiency, heart failure + aortic stenosis, pregnancy without embryo, infection 
(retrosternal abscess), ER visit for back pain/chest pain/covid.
eWomen who had a MACE during pregnancy were excluded from this analysis.
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growth related to pregnancy should be expected. Additionally, the 
growth rates of the AA and the SoV were analysed separately for 
each diagnostic group. Significant growth was only found for both seg
ments in the MFS group. Additional analyses showed only significant 
growth at the level of the AA in the MFS group. The fact that no signifi
cant growth was found in the other groups could be due to the small 
sample size.

Clinical implications
The current ESC guidelines on pregnancy and cardiovascular disease 
were published in 2018.32 These guidelines state that MFS and LDS pa
tients with an AA diameter >45 mm should be advised against preg
nancy. In our cohort, there was only one patient with MFS and an 
AA diameter >45 mm pre-pregnancy. However, she received an AA  
+ AV replacement 3 years prior to this pregnancy, and she successfully 
delivered via CS without any major complications. Among the 60 wo
men with a dilated aorta (>36 mm), only one aortic dissection oc
curred, but there was no mortality and all women delivered healthy 
babies. Moreover, in addition to the aortic diameter, other parameters 
such as the precise genetic diagnosis and family history should receive 
more attention and be included in risk prediction. In our study, the 
patients with LDS and ACTA2 PVs had relatively few complications 
without severe aortic dilatation. Larger studies are needed, and pre- 
pregnancy imaging and monitoring during and after pregnancy remain 
crucial.

The 2018 guidelines also state that pregnancy is not recommended in 
patients with a history of aortic dissection. In our cohort, there were 
nine women with a history of dissection. Two (22%) of them had a se
cond aortic dissection during the current pregnancy. This is in line with 
the fact that we identified a previous aortic dissection as a predictor. 
Fortunately, they both survived and delivered a healthy baby. One other 
women had a late miscarriage at 19 weeks. Four (44%) women had no 
complications at all, and they delivered healthy babies at 37–39 weeks 
GA. Especially in these patients, shared-decision making prior to preg
nancy is crucial taking into account all possible risk factors.

The proportions of pre-conception cardiological counselling and 
genetic counselling need to be improved. There is clearly a gap in imple
mentation of counselling advice, possibly due to the lack of resources 
especially in LMIC. Frequent monitoring should include regular echo
cardiography, if necessary advanced imaging and strict blood pressure 
control, not only during pregnancy, but also in the post-partum period. 
In addition, we suggest that vaginal delivery should be considered in wo
men without evidence of dilatation as previous research showed more 
bleeding and infection after CS.33

We have no evidence that breastfeeding should be discouraged in 
HTAD patients, but further research is clearly indicated.

Limitations
This study has several limitations. Firstly, the ‘other’ group is a hetero
geneous group mostly including patients without a genetic diagnosis. As 
a result, it is hard to draw conclusions. Next, there are some missing 
data related to the design of registries. Especially, the imaging data 
are prone to missing data due to the lack of uniformity as there were 
no universal guidelines on the timing of imaging and monitoring in the 
current patient group. In case of missing data, we used pairwise deletion 
to retain as much data as possible. The prospective nature of the study 
helps to limit selection bias, but because of the global design of this 
study and the nature of registries, we cannot guarantee that there is 
no selection bias. Indeed, it might be that less severe cases were not 
identified and included so that in reality the risks are even lower. 
Finally, although this is a large prospective multi-centre study, the num
bers of events are too low to build reliable prediction models.

Conclusion
The pregnancy-related aortic dissection rate in women with HTAD 
was lower than previously described. Overall, the maternal and fetal 
outcomes were good with no maternal or neonatal mortality recorded, 
but dissections do occur and women with an earlier dissection are at 
high risk. Early recognition of the diagnosis, genetic advice, and pre- 
conception counselling are important, and these women should be 
monitored at a tertiary, specialized centre by a multidisciplinary team. 
Advanced aortic imaging pre-pregnancy and post-partum, and echocar
diographic imaging during pregnancy are essential to recognize dilata
tion or aortic growth, not only of the ascending but also of the 
descending aorta. We want to highlight the importance of continuing 
monitoring during the post-partum period as the risk of dissection is 
still increased even without dilatation. Although beta-blocker use was 
not shown to be associated with a better outcome in this cohort, strict 
blood pressure control remains crucial during pregnancy and the post- 
partum period to prevent unwanted outcomes. No evidence was found 
to discourage breastfeeding.

Supplementary material
Supplementary material is available at European Heart Journal—Quality 
of Care and Clinical Outcomes online.
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