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Abstract
Ischemic events and intracerebral haemorrhages 
are the main consequences related to cerebrovas-
cular diseases. The can arise due to thromboem-
bolism phenomena and vessels rupture, respec-
tively, and affect up to 60% of general population. 
Here we review both acquired and congenital 
cerebrovascular diseases, focusing on their differ-
ent pathogenesis. Particularly, roles of risk factors 
exposure and genetic components are evaluated.

Keywords: Stroke, malformations, genetics, envi-
ronment.

Introduction
Cerebrovascular diseases comprise a wide spec-
trum of defects that affect brain blood vessels. 
They represent the 3rd cause of death, after car-
diopathy and cancer, in industrialized countries. 
However, data collected by the Istituto Superiore 
di Sanità (ISS), show a slow reduction of mortali-
ty rate, in Italy, in the last 10 years. In relation to 
their pathogenesis, cerebrovascular diseases can 
be classified in two large groups: acquired and 
congenital. The first includes diseases derived 
from both atherosclerotic events that affect cere-
bral arteries and hypertension that cause altered 
oxygen supply to brain parenchyma. Congenital 
diseases, also named cerebrovascular malforma-
tions, are congenital vascular defects raised due 
to specific genetic mutations.

Acquired cerebrovascular diseases
Probability to develop an acquired disease de-
pends on several factors that can be divided in 
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genetic, environmental and lifestyle-related. Ge-
netic factors refer to all those DNA variants, par-
ticularly Single Nucleotide Polymorphisms (SNPs) 
that can predispose to the disease onset (1,2). 
Unlike hereditary diseases, in which DNA muta-
tions lead to sure pathology’s onset, for acquired 
ones presence of some SNPs represents risk fac-
tor but, without environmental events, they are 
usually not sufficient to lead illness certainty. En-
vironmental risk factors can refer both agents and 
events to which an organism is exposed during 
its life and to all those unmodifiable conditions, 
as age or familial history (3). However, important 
risk factors derive from wrong lifestyle. Related to 
cerebrovascular diseases, important lifestyle-re-
lated risk factors are hypertension, hypercholes-
terolemia and nutrition, smoke, sedentary, obesi-
ty (4). All these conditions can increase probability 
to develop atherosclerotic plaques, especially at 
supraortic trunks, with consequent reduction of 
vessels lumen and loss of wall elasticity (5). These 
events lead to an alteration of the normal blood 
flow to the brain that can result in stroke or in 
transitory ischemic attach (TIA). Stroke originates 
from notable blood flow interruption that cause 
clinical manifestations that last longer than 24 
hours from the event. Clinical signs and symp-
toms after transitory ischemic events, instead, 
disappear within 24 hours. Ischemic damage may 
leave consequences with various severity degree, 
depending on extension of anoxia period and 
brain area involved (6). In other cases, stroke can 
derive from crumbling plaque’s fragments (em-
bolus) that occlude smallest vessels (7). 
Together with ischemic disease, intracerebral 
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haemorrhage (ICH) due to vessels disruption can 
lead to severe consequences. Vessels disruption 
is predominantly caused by aneurysms that make 
arteries’ wall dilated and thinner (8). Hyperten-
sion is the main cause of affected vessels break-
down (9). Aneurysms usually are asymptomatic 
and clinical manifestations appear only after their 
rupture, leading to sudden headaches, sick, sei-
zures and loss of consciousness (10). Also in this 
case, the correct life-style can help to prevent sys-
tolic pressure increase. 

Cerebrovascular malformations
Cerebrovascular malformations include all con-
genital malformations affecting brain vessels. 
They arise from impaired vasculogenesis and 
angiogenesis during embryonal development 
(11). The most frequent conditions are Cerebral 
Cavernous Malformations (CCM) and Arteriove-
nous Malformations (AVM), affecting more than 
3% of the population. CCM affect up to 0,5% of 
population and are formed by enlarged and tan-
gled vessels, with a single layer of endothelial 
cells surrounded by dense collagenous matrix. 
Absence of pericytes and defective cell-cell junc-
tions are peculiar of these lesions, resulting in an 
increased capillaries permeability with high risk 
of ICH. Symptomatology is linked to lesions local-
ization and includes headaches, vertigo and focal 
neurological deficits (12). CCM can arise sporadi-
cally or be inherited with an autosomal dominant 
manner leading to familial syndromes called cav-
ernomatosis. These are linked to mutations at the 
three loci KRIT1/CCM1 (7q11.2-21), MGC4607/
CCM2 (7p13) and PDCD10/CCM3 (3q26.1) (13). 
However, patients affected by familial forms and 
with no CCM gene mutations were reported. Le-
sions can affect also peripheral organs like liver, 
kidney, and retina overall in patients harbour-
ing mutations in KRIT1 (14). Patients linked to 
PDCD10 locus, instead, show a more severe and 
aggressive phenotype, usually characterized by 
recurrent ICH (15). Neuro-radiological diagnosis 
of CCM is performed by Magnetic Resonance Im-
aging (MRI) with T-2 gradient-echo and suscepti-
bility-weighted imaging, representing the most 
effective tool for lesions detection (16).
Also AVM affect brain microvessels; however, in 
this case, lesions are characterized by direct shunt 
from arteries to veins (nidus), without a capillaries 
bed. Haemorrhagic events due to hemodynamic 
stress following hypertension is the main clinical 
manifestation. Other symptoms include seizures, 

psychiatric disorders, dizziness, neurological defi-
cits, headaches (17). Near to the nidus, feeding ar-
teries show the same features of normal mature 
vessels but draining veins appear arterialized 
with segmental loss of the internal elastic mem-
brane; pericytes are also reduced. Lesions usual-
ly affect parietal supratentorial lobe and may be 
focal, with no cerebral parenchyma involvement, 
or diffused that show trapped brain portions into 
the vessels glomerulus. Fluorangiography is per-
formed for neuro-radiological confirmation and 
allows to discriminate micro AVMs (<1cm), regu-
lar AVMs (<3cm) and arteriovenous fistulas with 
no nidus.  In general population, AVM frequency 
is estimated to be 0,6% with no sex differences 
and usually occur sporadically (18). AVM can also 
appear in the hereditary autosomal dominant 
Rendu-Osler-Weber syndrome, also known as 
hereditary hemorrhagic telangiectasia (HHT) af-
fecting multi-organ blood vessels. Telangiectases 
are dilatations involving post-capillary venules 
of mucous membranes and skin, while AVM ap-
pear at solid organ as brain, lung or liver. The first 
early clinical manifestation is recurrent epistaxis 
due to presence of lesions at nasal mucosa (19). 
Clinical diagnosis is based on four Curaçao crite-
ria that include: i) presence of spontaneous and 
recurrent epistaxis, ii) mucocutaneous telangiec-
tasias iii) visceral AVM, iv) certain HHT diagnosis in 
a first degree relative, based on the same criteria. 
To date, at least five different HHT forms were de-
scribed and a specific gene causes each of these.  
This classification is essential because of the 
forms differ for prognosis and clinical manifesta-
tions. HHT1 and HHT2 arise due to mutations at 
ENG (9q34.11) and ACVRL1 (12q13.13) genes, re-
spectively. HHT3 and HHT4 are clinically defined 
but genetic causes are still unknown. Mutations 
at GDF2 (10q11.22) leads to HHT5. Moreover, HHT 
may co-exist with juvenile polyposis as conse-
quence of mutations at SMAD4 gene (18q21.2) 
(20).
Venous developmental anomaly (VDA) and cap-
illary malformations (CM) are other less frequent 
conditions. Particularly, VDA are malformations 
affecting venules following capillaries bed and are 
usually observed with sporadic CCM (21); howev-
er, their genetic bases are not yet elucidated. CM, 
instead, are co-existent with AVM and arise due to 
mutations at RASA1 and EPHB4 genes (22). 
Congenital brain vessels malformations show 
similar features; this reason make them not well 
distinguishable at neuro-radiological  exams. To 
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date, all detected causative genes are involved 
in regulation of angiogenesis, both in early stage 
and in adults. However, available knowledge are 
still insufficient to draw a genetic classification 
of all forms. Genetic classification may be a gold 
standard for the correct management of the pa-
tients, overall in order to predict risk for their par-
ents, with particular attention for the sons. 

Conclusions
Importance of knowledge about genetic factors 
associated to cerebrovascular diseases is essen-
tial to improve patients’ management and their 
outcome. Possibility to know related susceptibil-
ity factors for acquired forms allows to moderate 
onset’s probability. Likewise, identification of 
genes involved in malformations development 
is essential for patients’ progeny risk assessment. 
Moreover, investigation about patients’ geno-
types is exploitable for therapeutic purposes, as 
shown by the increasingly widespread approach 
to personalized medicine.
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