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ABSTRACT
The aorta plays a central role in the modulation of blood flow to supply
end organs and to optimize the workload of the left ventricle. The
constant interaction of the arterial wall with protective and deleterious
circulating factors, and the cumulative exposure to ventriculoarterial
pulsatile load, with its associated intimal-medial changes, are impor-
tant players in the complex process of vascular aging. Vascular aging is
also modulated by biomolecular processes such as oxidative stress,
genomic instability, and cellular senescence. Concomitantly with well-
established cardiometabolic and sex-specific risk factors and environ-
mental stressors, arterial stiffness is associated with cardiovascular
disease, which remains the leading cause of morbidity and mortality in
women worldwide. Sexual dimorphisms in aortic health and disease
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R�ESUM�E
L’aorte joue un rôle central dans la modulation du d�ebit sanguin pour
irriguer les organes cibles et optimiser la charge de travail du ven-
tricule gauche. L’interaction constante entre la paroi art�erielle et des
facteurs protecteurs et d�el�etères pr�esents dans la circulation, ainsi que
l’exposition cumulative à la charge pulsatile ventriculo-art�erielle
accompagn�ee des variations de l’�epaisseur intima-m�edia, sont des
facteurs importants dans le processus complexe du vieillissement
vasculaire. Le vieillissement vasculaire est �egalement modul�e par des
processus biomol�eculaires comme le stress oxydatif, l’instabilit�e
g�enomique et la s�enescence cellulaire. Conjointement avec les fac-
teurs de risque cardiom�etaboliques et sp�ecifiques au sexe bien �etablis
et les sources de stress environnementales, la rigidit�e art�erielle est
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are increasingly recognized and explaindat least in partdsome of the
observable sex differences in cardiovascular disease, which will be
explored in this review. Specifically, we will discuss how biological sex
affects arterial health and vascular aging and the implications this has
for development of certain cardiovascular diseases uniquely or pre-
dominantly affecting women. We will then expand on sex differences
in thoracic and abdominal aortic aneurysms, with special consider-
ations for aortopathies in pregnancy.

associ�ee aux maladies cardiovasculaires, qui demeurent la première
cause de morbidit�e et de mortalit�e chez les femmes à l’�echelle
mondiale. Les dimorphismes sexuels en ce qui concerne la sant�e et les
maladies de l’aorte sont de plus en plus reconnus et expliquent, du
moins en partie, certaines des diff�erences observables li�ees au sexe
dans les maladies cardiovasculaires, ce qui a fait l’objet de cette
analyse. Plus pr�ecis�ement, nous verrons le rôle que joue le sexe bio-
logique dans la sant�e art�erielle et le vieillissement vasculaire, et ce
que cela implique dans l’�evolution de certaines maladies car-
diovasculaires qui touchent surtout ou uniquement les femmes. Nous
�elargirons ensuite l’�etude des diff�erences sexuelles aux an�evrismes de
l’aorte thoracique et abdominale, en accordant une attention parti-
culière aux maladies de l’aorte pendant la grossesse.
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Lay Summary

The aorta and the large central arteries are complex biological
structures that exert important biochemical and hemodynamic
effects to ensure adequate blood supply to end organs and to
optimize left ventricular workload. Composed of 3
layersdintima, media, and adventitiadthe arterial wall repre-
sents a dynamic infrastructure that is exposed to a variety of
factors, some of which are protectivedsuch as estrogen derivatives
and their vasodilatory propertiesdand some of which are dele-
terious such as proinflammatory cytokines and prothrombotic
factors. The balance among these factors varies with age and
concomitant with well-established cardiometabolic and sex-
specific cardiovascular risk factorsdas well as environmental
stressorsdshowcases sexual dimorphisms that alter the process of
vascular aging between men and women. This, in turn, modu-
lates the development and outcome of various cardiovascular
diseases.
Cardiovascular disease remains the leading cause of
morbidity and mortality in women worldwide, and incident
myocardial infarction and cardiovascular death have increased
in young and middle-aged women in the past 10 years.1

Furthermore, women remain under-represented in clinical
trials, and sex-specific evaluation of the impact of common
cardiovascular preventive strategies and pharmacotherapies is
limited. As such, it is of paramount importance to understand
the impact of biological sex on the pathogenesis of common
cardiovascular pathologies, many of which are tightly related
to aortic structure and function.

In this review, we will explore the sex differences in aortic
health and disease. To begin, we will review the process of
vascular aging and explore how biological sex affects the aortic
pressure-buffering function. We will then explore the inter-
play between aortic/vascular health and select female-specific
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or female-predominant cardiovascular pathologies including
hypertensive disorders of pregnancy, heart failure with pre-
served ejection fraction (HFpEF), and coronary microvascular
dysfunction. Finally, we will compare the sex differences in
pathogenesis, prevalence, management, and outcomes of
thoracic aortic aneurysms (TAAs) and abdominal aortic an-
eurysms (AAAs), with a dedicated discussion on aortopathies
in pregnancy and in the postpartum period.
Methods
The current article represents a narrative review aiming to

synthesize the existing literature on sex differences in aortic
health, function, aging, as well as the previously mentioned aortic
pathologies. Common scientific databases were used to identify
relevant studies, including PubMed, MEDLINE, Web of Sci-
ence, and Google scholar. Key words were identified for each
topic of interest and searched on the databases. After reviewing
titles and abstracts of the results of each search, articles were
selected for inclusion in the review based on overall relevance.
No specific exclusion criteria were set a priori. Generally, articles
published in journals with high-impact factors, cardiology soci-
eties’ guidelines and reviews, and high-quality evidence such as
randomized controlled trials or large observational studies were
favoured. Further details on the search strategies used can be
found in Supplemental Appendix S1.

For this review, the term “sex” will be used to refer to
biological sex, defined as the assigned sex at birth based on
primary sexual characteristics of reproductive organs and
genitalia, as well as sex-determining chromosomes (females
being XX and males being XY). It is important to highlight
that gender is a more complex concept that are related to
socially constructed roles, behaviours, and actions, which also
affect cardiovascular health. This review will focus on syn-
thesizing the existing evidence of the impact of biological fe-
male sex on aortic health and function.
The Aorta Beyond a Conduit: Sex Differences in
Aortic Health, Function, and Aging

To understand the influence of sex on the complex process
of accelerated or pathologic vascular aging, a review of normal
aortic and vascular aging is needed. In broad terms, vascular
aging is a normal biological process that occurs through time
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Figure 1. Vascular aging and impact of female-specific factors. Women are exposed to a variety of risk factors that affect their vascular health
across the lifespan (far right) and that contribute to vascular aging. Structural and functional changes (far left) mediate observable changes in the
characteristics of the aorta and the large central arteries (centre). E, estradiol; FSH, follicle-stimulating hormone; SLE, systemic lupus
erythematosus.
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and begins in infancy. At the level of the aorta, it is charac-
terized by structural changesdnamely, increase in diameter,
length, and tortuosity, and decrease in elasticity with associ-
ated stiffeningdas well as functional changes, including
reduced vasodilatory reserve and diminished arterial buffering
capacity.2 In addition, myriad changes at the cellular level
contribute to the dysregulated function of the components of
the aortic infrastructure, mediated by the process of "inflamm-
aging." Multiple age-related, proinflammatory mechanisms
are at play, including genomic instability, oxidative stress, loss
of proteostasis, altered metabolism, cellular senescence, and
altered neurohormonal response to stress.3

To understand the changes that the aorta undergoes
through time, it is useful to evaluate each component of the
aortic wall separately. The intima is composed of a single layer
of endothelial cells (ECs), a basement membrane, and the
subendothelial space, and is the regulatory powerhouse of
vascular tone and blood flow. because of their direct contact
with circulating molecules, ECs are exposed to proaging fac-
tors that contribute to their dysfunction, by reducing their
ability to produce and respond to nitric oxide and increasing
their production of prothrombotic molecules such as
endothelin-1, and proinflammatory cytokines, such as
interleukin-1, interleukin-6, and tumour necrosis factor-
alpha.4 The senescent, dysfunctional ECs also allow for
infiltration of immune cells into deeper layers, contributing to
disruption of other components of the extracellular matrix.
Indeed, these aging-related intimal changes have important
effects on the media, promoting fragmentation of elastin fibres
and deposition of collagen fibres, which are 100 to 1000 times
stiffer. The degraded elastin fibres lead to accumulation of
elastin-derived peptides, which, in turn, have proin-
flammatory and procalcific properties, further contributing to
arterial stiffening.4,5 Finally, age-associated dysregulation in
the signalling pathways between the components of the
adventitiadincluding stem-cell progenitor cells, fibroblasts,
and collagendcontribute to aortic remodelling, although
these processes are less well characterized. The summation of
these changes contributes to age-related increase in aortic
stiffness, aortic impedance, and increase in peripheral wave-
reflection velocity, leading to increases in systolic and pulse
pressures and increase in the workload of the left ventricle.2,5

There is mounting evidence supporting the presence of a
biochemical basis for sex differences in aging in general and at
the level of the vasculature (Fig. 1). Intrinsically, there seems
to be sex-related differences in arterial characteristics,
demonstrated by the observable differences between prepu-
bertal males and females, the latter showing stiffer large ar-
teries and wider pulse pressures than age-matched males.6

Male subjects appear to have higher numbers of senescent
cells, shorter telomeres, and greater biological age when
compared with female subjects, who also display greater ca-
pacity for cellular regeneration and proliferation of stem cells
in the premenopausal years.3 This is also found at the
epigenetic level, in which female subjects present a more
favourable age-related epigenetic methylation pattern
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compared with male subjects (which refers to the transfer of a
methyl group onto cytosine, which has downstream effects on
DNA expression, gene transcription, and more, without
actually changing the DNA sequence): so much so, that the
concept of feminization of the methylation profile has been
seen in men who live into their 10th decade.3,5

The impact of sex hormones on vascular aging is complex
and not fully understood. In men, there is paucity of data and
conflicting evidence on whether changes in testosterone and
its derivatives are promotersdor surrogate markersdof car-
diovascular aging.7 During early to mid-life, some of the
previously mentioned sex differences aredat least in
partdexplained by the beneficial vasculoprotective effects of
estrogen and its derivatives in women, including favourable
vasodilatory reserve, reduction in reactive oxygen species and
prevention of oxidative damage, attenuation of ischemia and
reperfusion injury, reduction in collagen deposition by
downregulation of metalloproteinases, and even modifying
signalling pathways that attenuate response to inflammation.8

However, there appears to be sexual dimorphisms in many of
the previously mentioned mechanisms of "inflamm-aging,"
some of which contribute to accelerated vascular aging in
women later in life. Importantly, the expression of structural
proteins that determine the biomechanical properties of the
vascular systemdparticularly, the ratio of elastin and collagen
in the extracellular matrixdis influenced by of sex steroids
and greatly affects arterial stiffness. This is supported by
previous in vitro studies in which components of the extra-
cellular matrix were exposed to estrogen/progesterone and
testosterone, demonstrating that in the presence of female sex
steroids, there is a relative increase in elastin deposition, with
an elastin-to-collagen ratio more than 11 times greater than in
matrix exposed to male sex hormones.9

During and after the menopausal transition, the loss of
estrogen and its protective vascular effects translates into
increased endothelial dysfunction and arterial stiffening in
females, which overall also translates into increase cardiovas-
cular events.8 This applies to women in their mid-to-late life
with naturally occurring menopause but also in women with
abrupt menopause from other causes such as premenopausal
oophorectomy.10 At the level of the systemic vasculature,
compared with men, women entering the menopausal tran-
sition exhibit accelerated arterial stiffening, more pronounced
intimal-medial thickening, and more abrupt increases in blood
pressure,8,11 whereas men seem to have a steadier progression
of vascular aging through time.5

In women, some important consequences of these vascular
changes around the menopausal transition include higher
burden of multivessel peripheral arterial disease, greater risk of
AAA rupture, and greater risk of death from aortic dissection
(despite overall lower prevalence of AAA and aortic dissection
than in men).8 Moreover, previous work using echocardiog-
raphy and arterial tonometry in men and postmenopausal
women directly measured higher arterial impedance and lower
arterial compliance in women, which were also found to be
associated with surrogate markers of diastolic dysfunction,
such as mitral inflow velocity E/A ratio.12

It is also important to recognize sex-specific risk factors for
cardiovascular disease that are associated withdor a reflection
ofdvascular dysfunction, including adverse pregnancy out-
comes (particularly history of hypertensive disorders of
pregnancy, especially pre-eclampsia, preterm delivery, gesta-
tional diabetes, low birth weight), and polycystic ovarian
syndrome.13 Overall, sex-specific changes to the vascular
infrastructure and myocardium, as well as the effects of
accumulating cardiometabolic risk factors and estrogen
deprivation, are some of the key factors behind accelerated
vascular aging in mid to late life in women and at the root of
the female predominance of certain cardiovascular diseases,
such as heart failure with preserved ejection fraction and
coronary microvascular dysfunction, which will be explored in
subsequent sections. Further research on the biomolecular
effect of sex hormones on the pathogenesis of cardiovascular
disease is needed, and sex-specific study and reporting of
incident cardiovascular events, effects of cardiac devices, and
pharmacotherapy is warranted.

In an effort to provide a comprehensive bio-psycho-social
evaluation of the impact of sex on aortic health and disease,
we must also consider the interplay of gender, gender iden-
tity, cultural and societal norms, as well as socioeconomic
status that contribute to cardiovascular risk and that often go
unnoticed. The impact of gender on cardiovascular health is
beyond the scope of this review, but the process of vascular
aging and cardiovascular trajectories of transgender in-
dividuals should be further studied, as the interactions of
biological sex, sex-affirming hormone supplementation, and
gender identity are complex and their impact on cardiovas-
cular health is not yet fully understood. Moreover, there is
paucity of data exploring the impact of culture and societal
norms on aortic health and disease. A good example of how
societal norms may modulate vascular aging in women is
represented in the behaviours, beliefs, and access to regular
physical activity. Indeed, there is strong evidence demon-
strating that lifelong physical activity is associated with
favourable vascular health in women,10 and psychosocial and
cultural norms may affect a woman’s ability to engage in
regular exercise and derive its benefit. It is well documented
that cardiovascular disease is under-recognized in women
living in socially deprived regions, communities with strong
traditional or religious norms, women who are part of mi-
norities or Indigenous populations, or with low socioeco-
nomic status.14 How these sociocultural elements affect
aortic health deserves further attention.14

Although the review of therapeutic interventions to pre-
vent cardiovascular disease is outside of the scope of this re-
view, it is worth mentioning that the use of menopausal
hormone therapy is not recommended for primary prevention
of cardiovascular disease in women and that regular physical
activity has been shown to attenuate the negative cardiovas-
cular impact of aging and of the menopausal transition.15

Finally, the use of testosterone replacement in older men for
cardioprotection is insufficiently studied and currently not
recommended.14

Future directions

The bio-psycho-social impact of biological sex on vascular
health and cardiovascular disease is a fertile area of research.
From a biomolecular perspective, whether variations in sex
hormone levels and sex hormone receptor expression through
the lifespan can be safely altered through lifestyle changes or
pharmacotherapydand, in turn, lead to vasculoprotective



Figure 2. Aortic dysfunction in female-predominant or female-specific conditions. Aortic dysfunction has been associated with many female-specific
conditions and changes in the structure and function of the aorta and may contribute to their pathophysiology and explaindin partdthe female
predominance of some cardiovascular diseases. Women with hypertensive disorders of pregnancy exhibit pathologic changes in arterial function
and increased arterial stiffness. Altered ventriculo-arterial coupling, increased impedance, and decreased compliance in the aorta is linked to high
left ventricular filling pressure and diastolic dysfunction in heart failure with preserved ejection fraction. Coronary microvascular dysfunction is at
least in part explained by decreased central artery compliance and remodelling of arteriolar beds.
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effects well into old agedremains to be assessed. Sex-specific
data analysis and outcome reporting in cardiovascular clinical
trials is essential. Exploration of cultural and societal in-
fluences on vascular aging patterns in women is interesting
and may yield valuable insights into the effect of under-
recognized social determinants of health.
Role of Aortic Aging and Dysfunction on
Cardiovascular Diseases Uniquely or
Predominantly Affecting Women

In the next section, we will describe how the health and
function of the aorta play an important role in many diseases
that predominantly affect women. Figure 2 summarizes these
observations.

Aortic dysfunction in hypertensive disorders of
pregnancy

Hypertensive disorders of pregnancy (HDP) include
gestational hypertension, pre-eclampsia and eclampsia,
chronic hypertension, and pre-eclampsia and eclampsia
superimposed on chronic hypertension, and are 1 of the
leading causes of maternal and fetal adverse outcomes
worldwide. HDP are reported to affect up to 10% of preg-
nancies and carry 20% to 50% risk of recurrence.16 Although
initially thought to be solely placenta mediated, it has become
clear that suboptimal maternal hemodynamic adaptation to
pregnancy, particularly failure to drop systemic vascular
resistance and arterial impairment,16 are key players in the
development of HDP, particularly pre-eclampsia.

Indeed, suboptimal arterial hemodynamics have been
observed in women with pre-eclampsia and deserve special
review,17,18 The decrease in systemic vascular resistance in
pregnancy is a critical adaptation to accommodate the
increased cardiac output and plasma volume and optimize left
ventricular and arterial coupling. In normal pregnancies, the
drop in systemic vascular resistance is observed by a decrease
in arterial stiffness, central aortic pressure, and pulse-wave
reflection, combined with increase in flow-mediated dila-
tion, compared with healthy, nonpregnant individuals. These
adaptations appear to be lacking or suboptimal in women with
pre-eclampsia, in a dose-dependent fashion, with more severe
cases of pre-eclampsia exhibiting more profound arterial
stiffness.18 Normal pregnancy is also associated with enhanced
vascular reactivity, as observed by more robust flow-mediated
dilatation on noninvasive vascular reactivity testing, which
also appears compromiseddor sometimes even absentdin
pre-eclampsia.18 The left ventricle is therefore exposed to an
inappropriate hemodynamic load in the setting of pre-
eclampsia, with early pulse-wave reflection and increased
arterial stiffness, which increase the left ventricular afterload in
systole and contribute to unfavourable left ventricular-arterial
coupling.18 Perfusion to low resistance systems, such as kid-
neys and placenta, is also further compromised by decreased
diastolic pressure and the loss of the usual arterial “stiffness
gradient” (as in normal physiological states, arterial resistance
increases from central to peripheral arteries, as measurable by
pulse-wave velocity, but in pre-eclampsia, dissipation of this
gradient is observed, exposing low-resistance systems to higher
pulsatile stress).18 Interestingly, markers of aortic stiffness,
including increased carotid-femoral pulse-wave velocity
(cfPWV), measured in the first trimester of pregnancy, have
been shown to predict pre-eclampsia with better accuracy than
blood pressure alone.19
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Notwithstanding, the placenta remains a key player, and
approximately one-half of patients with HDP exhibit some
form of maternal-placental malperfusion, characterized by
decidual vasculopathy with suboptimal or incomplete
placental arterial remodelling and inadequate angiogenesis, as
well as endothelial dysfunction. This contributes to ischemia
and reperfusion injury within the placenta, which, in turn,
initiates a cascade of antiangiogenic, proinflammatory, and
oxidative reactions affecting not only the placenta and the
fetus but also the maternal circulation and end organs through
circulating factors (including FMS-like tyrosine kinase-1,
transforming growth factor beta, and soluble endo-
glin).17,18,20 Through a process that mirrors atherosclerosis,
the vasculopathy associated with maternal-placental syn-
dromes likely unmasks a predisposition for cardiovascular
disease later in life.21

Although the maternal symptoms in severe cases of pre-
eclampsia and eclampsia improve with delivery of the
placenta, the associated maternal cardiovascular risk remains
in the short, middle, and long term.16,17 It has been proposed
that a senescent cellular phenotype accompanies the pre-
eclamptic state, persists after delivery, and promotes acceler-
ated vascular aging, contributing to the accumulation of car-
diometabolic comorbidity through time and the heightened
lifelong cardiovascular risk.17 There is recent evidence
reporting that women with history of pre-eclampsia are 9
times more likely to have early vascular aging (including
greater aortic stiffness, central blood pressure, and wave re-
flections) than controls (P ¼ 0.011).22 The impact of pre-
eclampsia on vascular health was found, once again, to have
a “dose-dependent” effect, with evidence of pre-eclampsia
adding 6 years to the expected arterial age and 11 years in
severe cases.22 Recent evidence demonstrated significant dif-
ference in premature myocardial infarction in women with
history of pre-eclampsia compared with controls (P ¼ 0.010),
supporting the need of early and aggressive cardiovascular
prevention in this population.23

Aortic dysfunction in women with heart failure with
preserved ejection fraction (HFpEF)

The prevalence of HFpEF increases with age, and HFpEF
is more common in women than men.24 Mechanisms ac-
counting for this female predominance are not fully known,
but differences in arterial structure and function may account
for some of these observations. Our group has shown that in
older hypertensive women without heart failure, proximal
aortic stiffness and pulsatile arterial load are associated with
impaired left ventricular diastolic function, altered ventricular-
arterial coupling,12 and concentric left ventricular remodel-
ling25: all hallmark characteristics of HFpEF. This suggests
that arterial alteration in aging women can affect cardiac
structure and function and potentially contribute to devel-
opment of HFpEF.

In established HFpEF, arterial stiffness and pulsatile load
are increased. Compared with controls, patients with HFpEF
have significantly reduced total arterial compliance, increased
arterial stiffness, and increased wave reflection-associated
pressure load (augmentation index), the latter of which was
shown to correlate with high pulmonary capillary wedge
pressure and low cardiac output during exercise.26 Two
studies have evaluated sex differences in invasive arterial he-
modynamic measures in HFpEF. One study evaluating 190
participants with HFpEF found that women had significantly
higher resting measures of arterial stiffness and load compared
with men; for example, women with HFpEF had an
augmentation pressure 10 mm Hg higher than men with
HFpEF (P < 0.0001).27 The other study found that women
with HFpEF had abnormalities in vascular function with
exercise such as lower pulmonary and systemic compliance
(P ¼ 0.032 and P ¼ 0.019, respectively) and higher arterial
elastance (stiffness) (P < 0.001) compared with men with
HFpEF.28 Our group has shown, using noninvasive tech-
niques, that women with HFpEF have significantly greater
arterial stiffness and pulsatile arterial load compared with
similarly aged men with HFpEF and control female subjects.
Furthermore, higher aortic characteristic impedance and low
proximal arterial compliance correlated with high estimated
left ventricular filling pressures and lower myocardial flow
reserve on 82Rubidium positron emission tomography exclu-
sively in women with HFpEF without obstructive epicardial
coronary artery disease.29 Together, these studies highlight a
distinct arterial phenotype unique to older women with
HFpEF and support the correlation between arterial abnor-
malities and key pathologic features of HFpEF (filling pres-
sures, microvascular dysfunction). Arterial stiffness could
result in cardiac changes seen in HFpEF caused by increased
cardiac workload and increased wall stress leading to increased
left ventricular contractility, passive myocardial stiffness, and
concentric remodelling. This helps maintain cardiac perfor-
mance but comes at a cost of ventricular remodelling and
impaired relaxation; thus, HFpEF develops.

Role of aortic dysfunction in coronary microvascular
dysfunction

Coronary microvascular dysfunction is a predictor of
adverse cardiovascular events and is more prevalent in
women.30 Coronary microvascular dysfunction is mechanis-
tically important in both ischemia with no obstructive coro-
nary arteries and myocardial infarction with no obstructive
coronary arteries.31 An important determinant of microvas-
cular dysfunction in women is hypertension. Hypertension
leads to vascular remodelling of intramural arterioles and
interstitial fibrosis, which can result in a decrease in micro-
vascular density.32 Specifically, isolated systolic hypertension
has a more profound contribution to impairment of coronary
microvascular function that combined systolic/diastolic hy-
pertension.33 This mechanism is particularly relevant to
women, as age-related increases in pulse pressure are greater in
women than in men. Recently, Mitchell et al. determined,
using longitudinal cohort data, that proximal aortic stiffening,
as assessed by higher aortic characteristic impedance and larger
forward wave amplitudes, was strongly associated with longi-
tudinal increases in pulse pressure, especially in women.34

Higher central systolic pressure and lower central diastolic
pressure (resulting from a stiffer dysfunctional aorta) may be
deleterious to the coronary microvasculature, as the coronaries
are predominantly perfused in diastole. In line with this, our
group has shown that, in a population without epicardial
coronary artery disease, lower arterial compliance was inde-
pendently associated with abnormal myocardial flow reserve



Figure 3. Summary of the sex differences in thoracic aortic aneurysms. Despite being nearly twice as common in men, thoracic aortic aneurysms in
women display more disruption in the aortic wall architecture and a more aggressive form of the disease characterized by faster aneurysm growth
rate, greater predisposition to acute aortic syndromes, death, worse perioperative outcomes, and higher postoperative complication rate compared
with their male counterparts. TAA, thoracic aorta aneurysm.
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on 82Rubidium positron emission tomography in women.35

As such, aortic dysfunction associated with aging may
contribute to abnormalities in coronary microvascular perfu-
sion, with both aortic dysfunction and coronary microvascular
dysfunction being more common in older women than men.

Future directions

As described, a dysfunctional aorta with increased stiffness
and decreased ventriculo-arterial coupling is a hallmark feature
of the pathologies discussed here. Further research should
focus on identifying the mediators of such changes, by further
exploring the role of sex hormones, inflammatory cytokines,
and signalling pathways that may represent future therapeutic
targets to slow down or reverse the effects of accelerated
vascular aging in women and its downstream effects of inci-
dent cardiovascular disease.
Sex Differences in Thoracic Aortic Disease
TAAs and acute aortic syndromes are the principal anatomic

diseases of the thoracic aorta. TAAs include aneurysms at the
aortic root, ascending aorta, aortic arch, and descending
thoracic aorta. Acute aortic syndromes include aortic dissection,
aortic rupture, penetrating aortic ulcer, and intramural hema-
toma. There are remarkable sex differences in the prevalence,
pathogenesis, prognosis, and management of thoracic aortic
diseases, as summarized in Figure 3. Overall, TAAs are nearly
twice as common in men as in women. Over time, the
detection of TAAs has increased in both sexes36,37; however,
women with TAAs display a more aggressive form of the dis-
ease, characterized by faster aneurysm growth rate,38 greater
predisposition to acute aortic syndromes,39 death,40,41 and
worse perioperative outcomes42 than their male counterparts.
Recognizing the significance of these sex-specific disease char-
acteristics is crucial for optimizing patient care, reducing dis-
parities, and refining therapeutic approaches.

Sex differences in the epidemiology and outcomes of
TAA

The epidemiology of TAA is challenging to study because
of the indolent nature of the disease, as TAAs typically remain
unidentified unless they are detected incidentally, through
family member screening, or present as an acute aortic syn-
drome. In a retrospective study from Ontario, Canada, be-
tween 2002 and 2014, the incidence proportion of TAAs was
7.6 per 100,000, with an annual incidence of aortic dissec-
tions of 4.6 per 100,000 individuals.41 Importantly, TAAs are
associated with high morbidity and mortality.43 Research has
shown that 22% of individuals experiencing acute aortic dis-
sections will die before reaching hospitals, whereas among
those who receive medical care, an additional 34% die within
30 days.37

TAA etiology can be broadly classified as heritable or
degenerative. Approximately 20% of patients with TAA have
positive family histories.44 Most often, heritable TAAs are
caused by a highly penetrant pathogenic mutation, inherited
in an autosomal dominant manner (such as the fibrillin-1 gene
in Marfan syndrome [MFS]), meaning that men and women
are equally likely to inherit the pathogenic variant. However,
despite the autosomal dominant inheritance pattern in most
of these syndromic disorders, there are sex differences in age of
onset, aortic presentation, and outcomes. In a large cohort of
patients with MFS, men were significantly more likely to have
aortic root dilation (92% vs 84%) and to have undergone
prophylactic aortic root replacement than women (47% vs
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24%), P < 0.001 for each.45.In this study, men were more
likely to have type B aortic dissections than women.45 In
contrast, another study of patients with MFS and TAAs found
that in those who were “fast dilators” the dissection rate was
highdat 25%dand this disproportionately affected
women.46 Other common genetic-congenital causes of TAA
include Turner syndrome (TS) and bicuspid aortic
valve (BAV) aortopathy. In female patients with TS, an X-
linked disorder, TAA has been reported in up to 25% of
patients.47 BAV aortopathy is more prevalent in men than
women. Large registry studies have found that, after multi-
variable adjustment, aneurysms at the aortic root were larger
in men,48 whereas differences in ascending aortic diameter
were either not significantly different48 or were larger in
women.49 There is a sex-specific mortality paradox in BAV
disease, in which female patients, despite lower prevalence of
TAA, have a higher relative risk of death than male patients.
This may partially be explained by concomitant valve
dysfunction, but sex differences in TAA mortality have been
shown in other non-BAV cohorts40 and warrants further
investigation. Finally, degenerative TAAs are similarly more
prevalent in men than women, although in older adults this
predisposition is attenuated. Male and female patients share
similar risk factors for developing degenerative TAAs,
including older age, history of smoking, and hypertension.50

Prophylactic aortic surgery is the principal intervention for
preventing acute aortic syndromes and is generally indicated
when an aneurysm reaches a size of 5.5 cm, or smaller in some
genetic conditions.51 Aortic root or arch surgery is also the
treatment for acute aortic syndromes when the ascending
aorta is involved. A recent Canadian study evaluated the
impact of sex on outcomes following elective and emergency
surgery and found that women experienced higher mortality
rates (11% vs 7.4%; P ¼ 0.02) and more perioperative
complications. Moreover, female sex was an independent
predictor of death, stroke, and adverse events.42 Data from the
International Registry of Acute Aortic Dissection found
higher mortality among women who underwent surgery for
acute type A aortic dissection (31.9% in women vs 21.9% in
men; P ¼ 0.013).40 Women were diagnosed later and had
increased complications, likely contributing to poorer
outcomes.

Finally, despite the lower prevalence of TAAs among
women, the prognosis is worse than in men. Women have a
40% higher risk of mortality40 and a 3-fold increased risk of
aortic dissection or rupture as compared with men.39 This
may be partially explained by faster aneurysm expansion rates
in women, particularly among those with degenerative forms
of the disease, speaking to more aggressive disease activity.38

Although these differences are striking, the underlying rea-
sons for the sex differences in TAA outcomes remain
incompletely understood.

Sex differences in TAA pathogenesis that may account
for differences in outcomes

One possibility for the observed sex differences in TAA
outcomes is that women tend to be older than men, potentially
indicating a more advanced stage of the disease.52 Further,
women can experience acute aortic dissection or rupture even
with relatively small aneurysms,53 suggesting that aneurysm size
alone does not fully capture TAA-related risk in women.
Research looking at type B aortic dissections has shown that the
proportion of female patients with aortic dissection is higher at
smaller aortic diameters (< 3.5 cm) compared with larger di-
ameters.53 Indexing aneurysm diameter to body size,54-56

provides a more accurate prediction of TAA dissection and
rupture in retrospective studies. However, even after adjusting
for body size, female sex remains an independent risk factor for
acute aortic syndromes, indicating that the sex differences in
TAA outcomes cannot be solely attributed to body size.54

As discussed earlier in this review, the aorta remodels
differently with natural aging in men and women, with
women exhibiting more accelerated functional deterioration
with aging compared with men after the age of 50.57 In a
population with degenerative TAA, our group has demon-
strated that aneurysm expansion is 3 times faster in female
patients than in male patients.38 This was finding was sub-
sequently confirmed by the Yale group.56 This may suggest a
differential effect of arterial aging on adverse TAA behaviour
in women. To this point, we have demonstrated that measures
reflecting the health and function of the aorta, such as aortic
stiffness as assessed by the cfPWV, is associated with aneurysm
expansion in women.58 In TAA, the aortic wall undergoes
structural alterations akin to those seen in natural arterial
aging, and some experts suggest TAAs represent localized and
intensified aging of the arterial wall.59 At the structural and
molecular level, Sokolis et al.60 evaluated surgical degenerative
TAA specimens and concluded that female TAAs have higher
matrix metalloproteinase (MMP)-1 and -9 activity, with
decreased activity of the inhibitory enzymes tissue inhibitor of
metalloproteinase-1 and -2, culminating in greater extracel-
lular matrix remodelling in the wall of female TAAs. This
results in increased aortic stiffness and decreased aortic
strength in female TAAs. Hemodynamic properties of the
large arteries are largely conveyed by the extracellular matrix
and their interaction with smooth-muscle cells.61 Thus,
although women are generally protected from TAAs because
of protective hormonal and molecular mechanisms during the
reproductive years, those who go on to develop TAA may have
sicker and more aged aortas to begin with. Development of
TAAs in these compromised aortas further impairs aortic wall
architecture and function, contributing to greater aneurysm
expansion and a greater predisposition to complications.

Future directions

To address the hypothesis that women with TAAs may
have worse outcomes because of impairments in aortic func-
tion, longitudinal studies will be needed to assess measures of
aortic function and outcomes such as death and acute aortic
syndromes. Using measures of aortic function to better esti-
mate the sex-specific risk of negative outcome in a patient
with TAA is also subject to future study. Finally, exploring the
pathophysiologic mechanisms of thoracic aortic disease may
open new avenues for treatment, with the goal of preserving
aortic health and function.
Sex Differences in Abdominal Aortic Disease
AAA is the principal anatomic disease of the abdominal

aorta. AAAs are located below the level of the diaphragm up to



Figure 4. Summary of the sex differences in abdominal aortic aneurysms. Despite being more common in men, women with abdominal aortic
aneurysms have faster aneurysm growth rate, greater predisposition to aneurysm rupture, and rupture at smaller aneurysm size. Women have
higher rates of death, worse perioperative outcomes, and higher postoperative complication rates compared with their male counterparts. EVARs,
endovascular aneurysm repairs.
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the iliac arteries. As with TAAs, there are important sex dif-
ferences in the epidemiology, pathophysiology, outcomes, and
screening considerations in AAAs. Figure 4 summarizes these
findings.

Epidemiology and risk factors for AAA

Similar to what is observed in TAA, abdominal aortic
aneurysms are more common in men than in women.62-64

However, in women, AAAs have a faster rate of growth,65,66

up to a 4-fold higher risk of rupture,67,68 and experience
rupture at smaller aneurysm diameters.69,70 Women with
AAAs are, on average, 3 to 5 years older than men; have more
comorbidities; and have smaller aneurysm sizes.71.As with
men, hypertension, smoking, and older age are risk factors for
AAAs, although smoking appears to be a stronger risk factor in
women.72-74 Premature menopause and the reduction of
circulating ovarian sex hormones may also contribute risk to
developing AAA in women.75,76 Although only examined in a
few studies, parity, use of oral contraceptive medications,
previous gynecologic surgery, and breast cancer are not risk
factors for development of AAAs in women.76

Sex differences in AAA biology and pathophysiology

Although the pathogenesis of AAA formation is complex
and not fully understood, key histologic and pathologic
characteristics include vascular inflammation, oxidative stress,
degradation of elastin and collagen in the aortic wall, and loss
of vascular smooth-muscle cells. Macrophage-derived MMPs
and other proteases mediate the breakdown in components of
the extracellular matrix of the aortic wall.77,78 The role of
MMP-9 in formation of aneurysms has been observed in
murine models to have sex-based differences, with lower levels
of MMP-9 in female nonaneurysmal aortic smooth-muscle
cells compared with male nonaneurysmal aortic smooth-
muscle cells, and a reduction in plasma MMP-9 with
smaller formation of aneurysms in estradiol-treated male rats
compared with untreated male rats.79-81 Conversely, once an
AAA has developed, a more adverse remodelling process is
observed in female patients. In humans with AAAs, higher
levels of MMP-9 have been found in female patients
compared with male patients with equivalent AAA sizes,
suggesting greater proteolytic activity of the aortic wall in
women with overt AAA disease.82 These differences in pro-
tease expression may explain the observed increased rate of
growth and risk of rupture in women with similarly sized
aortic aneurysms.

The effect of sex hormones on the expression of extracel-
lular matrix proteins and proteases may also explain the
increased disease prevalence of AAA in men.83 Endogenous
estrogen (estradiol) is generally thought to be vasoprotective in
women through key antioxidant, antiapoptotic, and immu-
nomodulatory pathways.84 In murine models, estradiol has
been shown to downregulate MMP-2 in AAA tissue and slow
AAA growth rates.85 In human aortic smooth-muscle cells,
female sex hormones reduce collagen deposition to a greater
extent than male sex hormones.9 Differences in sex hormone
receptor expression are seen between in aneurysmal aortic
walls compared with nonaneurysmal aortic walls.86 In another
study, the density of estrogen receptor-alpha in aneurysmal
aortic walls was 80% higher in samples from female patients
compared with male patients.86,87 In male patients, low
progesterone and estradiol levels and higher luteinizing hor-
mone levels have been found to be associated with abdominal
aortic aneurysms independently of risk factors.88,89 Finally,
follicle-stimulating hormone has also been hypothesized to
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promote formation of AAAs, but this has not been conclu-
sively confirmed.90 Together, these studies suggest a protec-
tive effect of female sex hormones and may explain why
menopause and the resulting fall in estrogen and progesterone,
may result in women losing this protective effect against
formation of AAAs.75 Despite these associations, the effect of
hormone replacement therapy on AAA outcomes is unclear,
with some observational studies showing protective effects,
whereas randomized trials have shown no consistent
benefit.91,92

Sex differences in abdominal aortic biomechanical prop-
erties and vascular geometry have also been examined as po-
tential explanations for the higher rates of growth and rupture
in women with AAAs. Studies of excised aortic tissue at the
time of open AAA repair demonstrate lower aortic tissue
stiffness, lower dry weight percentages of collagen, a signifi-
cant lower energy required to propagate a dissection in female
patients compared with male patients,93 and a trend toward
lower tensile strength.94 Other studies using computer and
computerized tomography based geometric modelling have
found increased peak wall stress, and wall stress/strength ratios
in female compared with male subjects.95,96 AAAs in women
more often have proximal angulation > 60�, shorter and more
diseased aortic necks, and smaller iliac arteries, which are
unfavourable to endovascular repair.97 Elevated aortic stiffness
is observed in patients with AAAs and is a risk factor for AAA
progression and rupture.98,99 Although, in general, premen-
opausal women have less aortic stiffness, aortic stiffness in-
creases in the postmenopausal stage and is compounded by
smoking.100

Sex differences in AAA outcomes

Published data from large national registries consistently
show significantly worse outcomes for women with AAAs.
Although global mortality from AAAs is falling in both men
and women, possibly related to decreased rates of smoking,
women with AAAs still have lower survival compared with men
with AAAs.101,102 In a large 15-year national registry of 16,040
patients followed after elective endovascular aneurysm repair, 5-
year survival was found to be significantly lower among White
and Black women compared with White men (hazard ratio
[HR], 1.2; 95% confidence interval [CI], 1.2-1.3 and HR, 1.4;
95% CI, 1.1-1.8, respectively).103 Female sex has also been
independently associated with significantly worse 30-day sur-
vival after elective repair after adjusting for repair type, age,
aneurysm diameter, and comorbidities, but not aortic size index
(odds ratio [OR],1.7; 95% CI, 1.1-2.6; P ¼ 0.02).104

Global data demonstrates that women presenting with
AAAs are 20% less likely to be deemed suitable for endovas-
cular repair, and are nearly one-half as likely to be offered any
repair.102,105 Women undergoing intact endovascular aneu-
rysm repair suffer more major complications, intraoperative
arterial complications, have longer hospital stays, and a lower
likelihood of being discharged home.71,106 Operative mor-
tality for either endovascular or open repair is higher in
women.64,102,107 Following either endovascular or open repair
of AAA, women continue to have significantly lower survival
and increased incidence of recurrent formation and rupture of
aneurysms than men.108 Recent data from a large North
American registry found in-hospital mortality for ruptured
aneurysm was 34.4% in women vs 26.6% in men: a differ-
ence that persisted despite adjustment for demographic,
clinical, and procedural characteristics.107 Eight-year survival
was 36.7% in women compared with 49.5% in men. These
worse short-term and long-term outcomes in women has
persisted from the early 2000s, when open repair of AAAs was
most common, to more recently as endovascular aneurysm
repair has become first line if feasible.109

AAA screening and management guidelines

The recent 2022 American College of Cardiology/
American Heart Association guidelines now contain recom-
mendations for ultrasound screening women � 65 with first-
degree relatives with AAAs (Class 1 Recommendation), or
who have ever smoked (Class 2a Recommendation),51

whereas the 2019 European Society of Vascular Surgery
guidelines continue to recommend against population
screening for women without family histories.110 The Ca-
nadian Cardiovascular Society, Canadian Society of Vascular
Surgery, and Society of Vascular Surgery recommend that
women aged 65 to 80 years with histories of smoking or
cardiovascular disease, and women aged > 55 with affected
first-degree relatives, should be screened once for AAAs.111

The current definition of aortic aneurysm (> 3.0 cm) is
sex-neutral, despite the smaller diameter of the aorta in
women by 2 to 6 mm.106 One study found that if a threshold
of the median aortic diameter plus 2 standard deviations is
used to define AAA, the diameter for diagnosis would be 3.0
cm in male patients but 2.7 cm in female patients.112 As
such, AAA may be underdiagnosed in women because of the
absence of a sex-specific threshold.106

Current Society of Vascular Surgery Guidelines suggest
elective AAA repair in women with aneurysms between 5.0
cm and 5.4 cm in diameter.113 Similarly, the European So-
ciety for Vascular Surgery suggests consideration of repair in
women with aortic diameters of > 5.0 cm, but these rec-
ommendations are of weaker strength. A recent analysis of the
North American Vascular Quality Initiative database of more
than 55,000 patients with AAA (20% female), found that of
female patients undergoing rupture repair, 14% had aneurysm
diameters at or below 5 cm, compared with 12% of male
patients, suggesting overall that current thresholds for elective
repair may still miss a significant proportion of patients.

Future directions

Although advancements have been made in understanding
sex differences in abdominal aortic disease, further research is
needed to elucidate the interplay among hormonal influences,
genetic factors, and environmental determinants in the
context of AAA pathogenesis. Future directions include
embracing larger and diverse cohorts in longitudinal studies,
improving modelling of AAA fluid dynamics and geometry
with advanced imaging modalities, and incorporation of
artificial intelligence in large data sets to better understand risk
factors for aneurysmal growth and dissection. These will allow
more personalized treatment strategies, including medical
therapy and timing of intervention, anddit is hope-
ddimprove AAA outcomes in both men and women.
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Special Considerations in Pregnant Women
With Aortopathy

The physiological changes of pregnancy, particularly the
increase in cardiac output, as well as the pregnancy-related,
hormone-mediated changes to the composition of vascular
beds, including fragmentation of the tunica media by
increased metalloproteinases, contribute to aortic dilatation
and increased risk of aortic dissection in women at risk.114

Normal pregnancy is associated with a small increase in
aortic diameter, which is more pronounced in the setting of
hypertension and is most significant toward the end of the
third trimester.115 Aortic dissection in pregnancy is rare and
occurs in 0.0004% of pregnancies.116 Type A aortic dissection
during pregnancy carries high mortality: up to 70%. Type B
aortic dissection during pregnancy may occur despite normal
aortic diameters, and its associated mortality is approximately
9%.114 Identifying women at risk is of paramount impor-
tance, and individualized risk assessment guides counselling,
monitoring, and intervention from preconception to late
postpartum care and beyond. The “big 6” aortic conditions to
be aware of include syndromic entities, namely MFS, Loeys-
Dietz syndrome, and vascular-subtype Ehlers-Danlos syn-
drome, as well as nonsyndromic hereditary thoracic aortop-
athy, BAV aortopathy, and TS.117 Risk of pregnancy-
associated aortic dissection varies but is generally considered
to be 1% to 10% in these conditions and largely driven by
aortic diameter (except for BAV, in which risk is usually less
than 1%).116 Genes responsible for hereditary aortopathies
involve important elements of the vascular infrastructure,
including extracellular matrix elements such as microfibrils,
vascular smooth-muscle cells, and their associated signalling
pathways.118 Importantly, many women enter pregnancy
without established aortopathy diagnoses. As such, health care
providers must inquire vigilantly about malignant family
history of aortic disease, including history of aortic aneurysms,
dissection, or sudden death. These conditions may put pa-
tients at higher risk and warrant preconception, or at least
antepartum evaluation of the aorta by imaging. Contemporary
diagnosis and management of aortopathies involve genotyp-
ing; however, the presence of a pathogenic mutation is not
necessary or sufficient to classify a patient as high or low risk
for aortic complications during pregnancy. Indeed, women
with strong family histories remain at high risk despite absence
of pathogenic mutations, and those with known pathogenic
variants remain at high risk even in the absence of aortic
abnormalities on imaging. This highlights the importance of
combining comprehensive vascular imaging with individual-
ized risk assessment.114 Secondary causes of aortic dissection
during pregnancy include trauma, infection, and drugs such as
cocaine.

Multidisciplinary care is required and begins with the
identification of high-risk individuals and preconception
counselling. Avoidance of pregnancy is recommended for
women with histories of aortic dissection and vascular-subtype
Ehlers-Danlos syndrome (which not only carries risk of arterial
dissection but also hollow viscus rupture including uterine
rupture). Pregnancy should also be avoided in the setting of
severe ascending aorta dilatation, and preconception aortic
surgery should be offered if pregnancy is desired, depending on
the underlying condition and the aortic diameter as outlined in
Figure 5.51,117,119 Prepregnancy comprehensive imaging of the
aorta can be achieved with transthoracic echocardiography,
computed tomography, or magnetic resonance imaging.117

Imaging of other vascular beds may be indicated depending
on the underlying suspected or confirmed etiology. Condition-
specific cutoffs of aortic diameter exist to guide indications and
timing of surgical intervention (Figure 5).51,117 All patients
with known aortopathy must be counselled on the risk of
dissection and may be offered preimplantation genetic diag-
nosis, as most familial aortopathies are of autosomal dominant
inheritance.114 Surveillance imaging of the aortic root and
ascending aorta during pregnancy is best done by serial
maternal transthoracic echocardiography at least every trimester
(at 4- to 12-week intervals, depending on the pathology and
presentation); if comprehensive aortic assessment is needed,
magnetic resonance imaging without gadolinium is
preferred.119 In the setting of known aortopathy, important
considerations include aortic diameter, rate of progression,
family history of dissection, and coexisting aortic regurgitation
and hypertension.

Preconception “prophylactic” aortic surgery may be
considered, particularly in the presence of aortic diameter >
45 mm or rapid progression on serial imaging, along with
appropriate counselling, as it does not eliminate the risk of
aortic complications, given that dissections may occur distally
or in other vascular beds.51,117 If semielective cardiac surgery
is needed during pregnancy, the second trimester is thought to
be “safer” compared with the first trimester, when organo-
genesis may be severely compromised during cardiopulmonary
bypass, and compared with the third trimester, when peak
hemodynamic changes make it a high-risk period overall.51,115

In the event of a type A aortic dissection during pregnancy
with fetal viability, it is suggested to proceed with urgent
delivery via cesarean section first, immediately followed by
maternal cardiac surgery. If cardiac surgery is required before
viability, careful preoperative planning is required, and intra-
operative strategies to minimize fetal compromise may be
employed (such as near-normothermia, pulsatile flow of
bypass machine, close fetal monitoring) while prioritizing
maternal well-being.115 Type B aortic dissections are best
managed medically and with endovascular repair in the event
of complications.51 As with manydif not alldcardiovascular
complications of pregnancy, the risk to the mother persists
after delivery. Indeed, dissection risk is highest in third
trimester and early postpartum period, and surveillance im-
aging should be done after delivery and several weeks post-
partum to monitor aortic diameter.

Blood pressure control is essential, and current guidelines
support a target of 120 to 130 mm Hg of systolic blood
pressure or less.114 Beta blockers were first shown to decrease
the rates of aortic growth in MFS in the 1990s, and since
then they have been widely prescribed in syndromic aorto-
pathies, despite lack of condition-specific evidence of
benefit.118 Labetalol is often the agent of choice for control
of blood pressure and mitigation of aortic dilation during
pregnancy. Although beta blockers have been associated with
fetal growth restriction, recent data from the Registry of
Pregnancy and Cardiac Disease did not yield significant re-
sults.51 Beta blockers should be continued postpartum for at
least several weeks, as risk of dissection remains high in early
postpartum period. Of note, calcium channel blockers have
evidence of adverse aortic remodelling and increased



Figure 5. Aortopathy in pregnancy. Women of childbearing age contemplating pregnancy who are at risk or have known aortopathy require multi-
disciplinary care from preconception to postpartum period and beyond. Pregnancy is contraindicated with severe aortic dilatation, and precon-
ception aortic surgery may be offered. Antepartum aortic surveillance imaging is important, and delivery planning should account for aortic diameter.
Beta blockade and blood pressure control are essential. Postpartum surveillance imaging and cardiovascular risk assessment is warranted. ACC/
AHA, American College of Cardiology/American Heart Association; CT, computed tomography; ESC, European Society of Cardiology; JACC, Journal of
the American College of Cardiology; TTE, transthoracic echocardiography; MRI, magnetic resonance imaging.
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dissection risk in MFS and should be avoided in all familial
aortopathies.118

Moreover, delivery planning is important and should involve
obstetricians, cardiologists, anaesthesiologists, cardiac surgeons,
and possibly pediatric and neonatal intensivists. If the ascending
aorta diameter is below 40 mm, vaginal delivery is favoured.
Beyond 45 mm, or in the setting of chronic dissection, cesarean
section is favoured, and women should be delivered in facilities
with access to cardiac surgery. Placement of an arterial linemay be
considered for close blood pressuremonitoring. For womenwith
aortic diameters between 40 mm and 45 mm, a vaginal delivery
with regional anaesthesia, expedited second stage of labour, and
assisted delivery may be considered.51

A collaborative, patient-centred,multidisciplinary approach is
required when caring for women with aortopathy from
preconception to the late postpartum period. Preconception
counselling and serial follow-up should be done jointly by ob-
stetricians, cardiologists, and may also necessitate early input
from specialists in genetics, cardiac surgery, and anaesthesia, as
described in a recent review on pregnancy and thoracic aortic
disease published in the Canadian Journal of Cardiology.120 The
European Society of Cardiology provides a Class I recommen-
dation for delivery of care for these women at an experienced
centre, with a pregnancy heart team and access to cardiothoracic
surgery.117 The feasibility and benefit of a pregnancy heart team
was illustrated by the prospective, single-centre Standardized
Outcomes in Reproductive Cardiovascular Care (STORCC)
initiative, carried out at the Brigham and Women’s Hospital in
Boston.121 In this study, pregnant women with cardiovascular
disease were serially followed during pregnancy, and a monthly
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multidisciplinary meeting took place in which each participant’s
cardiovascular risk was evaluated and assigned a colour code,
which would then allow to streamline the required testing, fre-
quency of follow-up, and delivery considerations. The assigned
risk colour code was strongly correlated withmaternal outcomes.
Since then, a few studies have provided insights into the logistic
considerations and required building blocks to create a strong
pregnancy heart team,122,123 and we can expect further publi-
cations on the implementation and evaluation of such teams in
the years to come.

Future directions

Recognizing malignant family history, appropriate detection
of familial aortopathy, and individualized risk stratification is
necessary to prevent aortic complications during pregnancy and
in the postpartum period and requires a patient-centred, multi-
disciplinary approach. Implementation of pregnancy heart teams
in tertiary-care institutions should be pursued and prospectively
evaluated for its impact on maternal and offspring outcomes, cost
effectiveness, as well as patient satisfaction.
Conclusions
In this review, we sought to explore female-specific

consideration in aortic health and disease. We highlighted
the influence of sex on accelerated and pathologic vascular
aging. Although women initially benefit from the vasculo-
protective effects of estrogen, menopause leads to increased
endothelial dysfunction and arterial stiffening. Women
entering menopause experience accelerated arterial stiffness
and pulsatile arterial load, which are risk factors for cardio-
vascular disease. We reviewed how the abnormalities in arte-
rial function are highly relevant to female-specific or female-
predominant diseases including hypertensive disorders of
pregnancy, HFpEF, and coronary microvascular dysfunction.
We also discussed the notable sex differences in aneurysmal
diseases of the thoracic and abdominal aorta. Although TAAs
and AAAs are more prevalent in men, women have worse
outcomes. For thoracic aortic aneurysms in particular, alter-
ations in the health and function of the aorta likely contribute
to the worse outcomes seen in women. Finally, we discussed
aortic diseases in pregnancy. Pregnancy is a high-risk period
for women with aortopathy because of the physiological
changes in pregnancy, combined with hormone-mediated al-
terations to vascular composition, increasing the risk of acute
aortic syndromes. Preconception counselling, surveillance
imaging, blood pressure control, and careful delivery planning
are essential components of a multidisciplinary approach to
manage and reduce the risk of aortic complications during
pregnancy and the postpartum period.
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