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Introduction:-

Rupture of intracranial aneurysms often results in subarachnoid haemorrhage which is a dangerous variety of stroke.
50% of cases often succumb and another 20% are often left with debilitating disability. Of the 30% cases who
survive, 10% lose life due to delay in treatment.***> SAH has higher incidence in females compared to males and so
is the mortality rate associated with it. There is also higher incidence of multiple aneurysms in female population
compared to male population. Several meta-analysis and systematic reviews have postulated that in younger ages the
incidence is higher in male population and after 50 years the incidence steadily increases in female population®®.
And also, cerebral aneurysms are found to occur more commonly in women who achieve early menopause
substantiating the role of estrogen as a protective factor against growth of aneurysms®. Here is a need for an insight
into this hypothesis and its possible therapeutic implications.

Aneurysms:-

Abnormal dilatations in the vessel wall are termed as aneurysms. Morphologically there are 2 major types of
aneurysms:saccular and fusiform. Saccular aneurysms are more common in cerebral vasculature. They are thin
walled spherical expansion from the branching regions of the major cerebral arteries. Fusiform aneurysms are more
oblongated dilatations of the vessels and are often secondary to certain etiologies like atherosclerosis, dissections
etc. SAlIIIlSisUmore often associated with saccular aneurysms than fusiform aneurysms and been discussed in this
context ",
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The layers of cerebral vasculature wall are from within outside: tunica intima, tunica media and tunica adventitia.
Internal elastic lamina separates intima from media and is composed of elastin. Tunica media is mainly composed of
smooth muscle cells and collagen fibrils. Tunica adventitia mainly consists of vasa-vasorum, fibroblasts, elastin and
collagen fibres. Collagen fibres are mainly produced by fibroblasts.Fibrobalsts are also responsible for repair and
maintenance of connective tissue. It is the defect or loss of segments of tunica media that incites aneurysms. The
production and degradation of collagen fibres is dependent on stretch of the wall of the vessels. The hemodynamic
factors like shear stress and blood pressure play a vital role in the growth of aneurysms™*2,

The 3 important determinants of aneurysms are : hypertension, increased vessel fragility and hemodynamic
shearing stress. And interestingly estrogen can affect all these factors and thereby increase the risk of cerebral
aneurysm formation. Low doseestrogen reduces blood pressure and so is the hormone replacement therapy. It also
has conducive effect on lipid profiles which directly contributes to reduced risk for atherogenesisand plaque
formation which weaken the vessel walls. The tunica media is composed of collagen type 1 and 3 which is the main
structural matrix of major arteries including internal carotid arteries'*. During post-menopause, connective tissues of
the internal carotid arteries undergo degeneration contributing to aneurysm formation. Low dose estrogen and
hormone replacement therapy promote strengthening of the connective tissue by promoting the formation of
collagen 1 and 3 by fibroblasts and thereby preventing aneurysm formation and growth. Hence estrogen plays an
important role in vascular and aneurysmal integrity through the control of collagen production and maturation in the
vessel wall*"*8.

Estrogens:-

Endogenous estrogens include: estrone(E1), estradiol (E2) and estriol (E3). Majority of estrogens are formed in the
liver or in peripheral tissues from androstenedione. Major circulating form is estradiol (E2) which is formed mainly
in ovaries. The source and plasma levels vary with age. In post-menopausal women, estrone(E1),testosterone and
circulating androstenedione are the major precursors of estrogen production in peripheral tissues. E2 metabolism
also depends on genetic background, ethnicity, menopausal status and the phase of menstrual cycle. This variation in
metabolism has immense effect on vascular integrity'*®!°. Estrogen receptors have very high affinity and
specificity to circulating estrogens. There are sex and age related differences in the expression of these estrogen
receptors. However ,estrogen itself regulates these receptors depending on the phase of menstrual cycle and age of
the patient. Hence, estrogen treatment has profound effect on regulation of estrogen receptors thereby decreasing the
major fluctuations.Estrogen receptors(ER) have protective effect on vasculature by production of Nitric Oxide( NO).
Regulatiltg:a)gl0 of expression of these ER by mainly E2 plays a vital role in preventing aneurysmal growth and
rupture.”™

GPER:-

A G-protein coupled estrogen receptor (GPER) is widely distributed in brain and cerebral vasculature. E2 has strong
affinity to this receptor which is totally unrelated to traditional estrogen receptors. This GPER carries out non —
genomic effects of estrogen which have regulatory role on collagen morphology of vessel wall. *#-

Contributing Factors:-

In a study on Japanese women, earlier age of menarche and nulliparity were associated with increased risk of Sub
arachnoid haemorrhage. Therefore sex specific hormonal factor may play a role in the pathogenesis of aneurysm
formation and rupture >,

The collagen that is present in the bone and skin is similar to that found in the walls of proximal segments of
cerebral arteries. In post-menopausal women, there is wasting of this collagen due to estrogen deficiency. This could
possibly explain for the degeneration of this collagen in the proximal segments of cerebral arteries leading to
aneurysm formation.??¢

Factors leading to relative deficiency of estrogen often increased the risk of aneurysm formation and SAH. But,
estrogen deficiency alone is not sufficient to corroborate the hypothesis because men also show some deficiency of
estrogen. So, it is not the absolute levels but dramatic changes in the estrogen levels is that which contributes to the
pathogenesis. Hence men are at reduced risk because they do not experience that steep change in the levels of
estrogen as it occurs at menopause. Hence periodicity in the levels of estrogen is the contributory factor.?
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Harada et al found based on their observations that internal carotid artery( ICA) was more commonly involved in
aneurysm formation as well as rupture in women whereas anterior cerebral artery (ACA) and middle cerebral
artery (MCA) are more commonly affected by aneurysm formation in men. In men it is the hemodynamic factors
that contribute to evolution of aneurysms whereas in females it is the intrinsic deficiency in the wall of vessel which
is more contributory. Hence estrogen is a potential target for preventing the evolution of aneurysms in peri-
menopausal women.

Role of hormone replacement therapy (HRT):-

Regulation of inflammatory cascades and vascular wall integrity are the main areas where estrogen has its
conducive effects. Dysregulation of this mechanism promotes growth and rupture of aneurysms. Hence , hormone
replacement therapy(HRT) with E2 could be a therapeutic strategy. However, various randomized control trials
have shown negative effects of HRT and the reasons could be: age related changes in ER numbers, changes in
distributions of ER, down streaming of ER signaling pathways and age related changes in the collgen components in
vessel walls. Estrogen cannot reverse the pre-existing vascular pathology although it can give relief from
menopausal symptoms®**2. In various randomized control studies, HRT might not have been administered early
enough so has to have conducive effect and contributing to negative effects. Hence, the time of HRT administration
is vital in preventing aneurysm growth and rupture. The HRT should begin soon after the depletion of endogenous
E2 to have positive effect in preventing aneurysm growth and rupture®*®.

And coming to the mode of administration, oral HRT increases the risk of venous thrombo-embolism whereas
transdermal HRT has little impact on thrombosis. And also the risks of coronary heart diseases are reduced in
women who start HRT within 10 years of menopause. Other effects of HRT are : increased risk of breast cancer and
meningiomas in women®,

Selective estrogen receptors modulators (SERM):-

Specific estrogen agonists targeted on modulating cerebral vascular ER activity without having any other
detrimental effects on other systemic circulation have been recently developed providing a boost to HRT. A superior
effect of these selective estrogen receptor modulators (SERM) with favorable tissue specificity have been
documented on preventing the growth and rupture of aneurysms compared to E2.%%

Phytoestrogens:-

Isoflavones such as Genistein which are chiefly found in soya-bean derived products mediate estrogenic effects
through ER and also GPER thereby promoting genomic and non-genomic actions on cerebral vasculature. Genistein
has also conducive effects on extra-cellular matrix (ECM). ECM has vital role in regulating vascular wall integrity
and remodeling and hence these provide an alternate strategy to HRT.***

Future trends:-

The current strategies of management of unruptured intracranial aneurysms is controversial. Medical management is
largely limited to: smoking cessation, control of blood pressure, radiological surveillance, neurosurgical and endo-
vascular interventions. There is no documented pharmacological treatment available to decrease the risk of
aneurysm growth and rupture. Pathophysiology based therapies like HRT, SERMS and Phytoestrogens may play a
vital role in preventing rupture of intracranial aneurysms in post-menopausal women thereby reducing the morbidity
and mortality due to SAH in this segment of population.?®*

New generation HRT, SERMS and Phytoestrogens may have beneficial role in prevention of rupture of aneurysms if
initiated at right timing of peri-menopausal women diagnosed with having small un-ruptured aneurysms. Although
conducive effects of these agents are much less in older women due to pre-existing cerebrovascular diseases and
cardiovascular pathologies, future investigations are needed to devise novel strategies. Appropriate route of
administration, dosage, periodicity of administration and timing of administration provide a pragmatic approach for
increa}lsgig)g the benefits of these therapies and subsequent preventing the growth and rupture of aneurysms causing
SAH.™

Conclusion:-
Estrogen deficiency has a significant impact on the pathophysiology of aneurysmal rupture and SAH. An

understanding of this subtle relationship between estrogen and SAH might have significant implication on women’s
health.
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