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2  |  Foreword

Brain, or intracranial, aneurysms are an often symptomless condition which can have a devastating 
impact on people’s lives. Research suggests that a person with a strong family history of  
intracranial aneurysms (IAs) is up to three times more likely to have the condition than someone in 
the general population. 

Until now, people affected by hereditary brain aneurysms (HBAs), otherwise known as familial 
intracranial aneurysms (FIAs), have had limited access to resources explaining the condition, its 
genetic cause and ongoing research. Often they have found themselves trying to piece together 
information from multiple sources, which can be difficult to navigate and understand. People’s 
experiences of living with familial risk have also played a limited role in research. 

This Targeted Literature Review (TLR) provides a robust and accessible source of information 
for those affected by FIAs, researchers and healthcare service providers. Commissioned by HBA 
Support and carried out on a pro bono basis by Costello Medical, a healthcare consultancy, this TLR 
aimed to compile literature on the reported pattern and distribution of FIAs, the genetic causes of 
FIAs and any current United Kingdom (UK) and global guidelines for their diagnosis, management 
and treatment. Through conducting the TLR, existing gaps in research and knowledge have been 
highlighted.

Further research, alongside collaboration between clinicians and those affected by FIAs, will 
improve the support available to people impacted by the condition. By increasing knowledge and 
understanding, better genetic testing and targeted screening within high-risk families could be 
offered, saving lives and minimising the stress and worry which a diagnosis can cause.

HBA Support hopes that this improved accessibility to information and research proves useful 
for the patient, research and clinical communities. It will provide patients with the ability to make 
informed choices about their care pathways, including whether or not to request screening, as well 
as open doors for better dialogue, more research and greater support for the families impacted 
by this potentially devastating condition. We welcome discussion and look forward to positive 
conversations through collaboration. 
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HBA Support is a not-for-profit organisation providing 
information, advice and peer support for people affected 
by FIAs and their families. We are a patient-focused 
organisation, providing a platform for people to share 
their experiences, and working to increase research and 
understanding of FIAs within the clinical community and 
wider society. 
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About Intracranial Aneurysms

Brain, or intracranial, aneurysms are a dilation 
(or a ballooning) in a blood vessel in the brain. 
The dilation happens because the blood vessel 
wall is too weak to resist the pressure of blood 
pushing against it.1 

Whilst intracranial aneurysms (IAs) often do 
not cause any symptoms, some individuals 
can experience headaches and seizures. The 
rupture of an IA can lead to a potentially life-
threatening bleed in the brain, known as a 
subarachnoid haemorrhage (SAH).2

Not all SAH cases are caused by ruptured aneurysms, but 
most ruptured aneurysms cause SAH.3 An SAH caused by 
an aneurysm is known as aneurysmal SAH (aSAH).

Brain 
Aneurysm

Factors that 
increase risk of 

IA formation 
and rupture1,4

Smoking Female sex

Age

High blood pressureAlcohol consumption

Family history

A brain, or intracranial, aneurysm is a bulge in a 
blood vessel in the brain which has developed 
due to a weakened blood vessel wall. If an 
aneurysm ruptures it will typically cause a life-
threatening bleed in the brain called a subarachnoid 
haemorrhage (SAH). There are two types of 
intracranial aneurysm (IA): Sporadic intracranial 
aneurysm (SIA) cases occur without any family 
history of IA, whereas familial intracranial aneurysm 
(FIA) cases cluster in families. 

This Targeted Literature Review (TLR), conducted 
between November 2021 and January 2022, aimed 
to provide a clear picture of the current FIA research 
landscape, as well as available treatment and 
management guidelines. Multiple online platforms 
and websites, including electronic databases, were 
searched for articles addressing three key questions 
described below. 

What is the Pattern and  
Distribution of IAs? 
Globally, the prevalence of unruptured IAs in 
individuals with a family history of IAs has been 
recorded as 2.3–29.4%. This was generally higher 
than the prevalence of unruptured IAs reported 
in the general population (0.02–8.8%). The 
annual incidence of unruptured IAs in the general 
population ranged between 6.1–28.3 people  
per 100,000. 

The annual incidence of ruptured IAs in the general 
population has been reported as 0.6–25.7 people 
per 100,000. Within these cases of ruptured IAs, it 
is not known how many were familial. 

Two articles were identified that reported  
the prevalence and total number of cases of IA 
in the United Kingdom (UK) specifically, however 
both were published over 15 years ago. No studies 
reported the prevalence and incidence of FIAs 
within the general population, so further research  
is needed to  determine how many people are 
affected globally. 

What Genetic Alterations Cause FIAs? 
Variants of more than 30 genes have been 
suggested to increase susceptibility to FIA 
development. Four of these genes, all involved in 
blood vessel wall strength, were implicated in FIAs 
across two or more studies: NOTCH3, CDKN2BAS, 
SOX17, ARHGEF17, ANGPTL6 and LOXL2. 

Despite multiple genetic variants suggested 
to contribute to FIA susceptibility, there is no 
‘confirmed’ list of genetic candidates that cause 
FIAs. Further research is needed to consolidate 
a list of genetic candidates and allow for genetic 
screening measures to be developed, which could 
identify high-risk individuals so that preventative 
treatments could be offered to avoid IA rupture. 

What Guidelines are Available for 
People with FIAs? 
Only one guideline detailed treatment 
recommendations specific for FIAs, indicating  
when surgical management should be utilised. As 
SIA and FIA characteristics vary, the development 
of more evidence-based, FIA-specific treatment 
guidelines is needed.  

Of the nine identified guidelines making screening 
recommendations for FIAs, seven indicated that 
having two IA- or SAH-affected first-degree 
relatives (a parent, sibling or child) should constitute 
a ‘high-risk individual’, whereas two described 
that one first-degree relative suggests high risk. 
Alignment on the appropriate approach is therefore 
needed to ensure those at high risk are detected 
through screening. 

A template guideline developed by the National 
Institute for Health and Care Excellence (NICE) 
considered evidence for screening in relatives 
of adults with SAH. NICE recommended that 
more evidence is required to support screening 
and highlighted that explaining the uncertainties 
surrounding the risks and benefits of screening for 
IAs to high-risk individuals, is important.

Executive Summary Introduction
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Purple signifies an individual with an IA.

Sporadic Intracranial Aneurysm (SIA)
(without strong family history)

Familial Intracranial Aneurysm (FIA)
(with strong family history)

54.9
years

49.8
years

Average Age at the Time of Aneurysm Rupture7

Some cases of IA occur sporadically, i.e. without 
a known family history, whereas some cases of 
IA cluster in families. These cases are known as 
familial intracranial aneurysm (FIA).1 

Some genes controlling production of proteins 
involved in maintaining the health of blood 
vessel walls, have been associated with 
IAs.1,5 Changes in these genes (referred to as 
‘mutations’) result in production of altered 
proteins, which do not function correctly. This 
can lead to blood vessel walls being less strong, 
increasing the chance of IA development. Many 
members of the same family could develop IAs 
due to inheriting the same genetic alterations 
that increase the likelihood of IA formation.6

Gene: 
A section of deoxyribonucleic acid 
(DNA) located on a chromosome at 
a fixed position, that controls the 
inheritance of particular traits

Deoxyribonucleic acid: 
A long molecule that carries the 
instructions for making proteins 
that the body requires for 
reproduction, growth, development 
and general functioning

Detection
• IAs can be detected through screening before rupture using techniques like Magnetic 

Resonance Imaging (MRI)8

• If the IA is asymptomatic, it can often be detected during screening for other conditions8 

Treatment
• Doctors may recommend the ‘watchful waiting’ approach, where the size of the aneurysm 

is regularly monitored. This is recommended if the aneurysm is small (smaller aneurysms 
have a lower risk of rupture), or in a specific position2, 9 

• IA treatment aims to reduce the flow of blood to the aneurysm to reduce the likelihood of 
rupture. This can be achieved by:10, 11

 » Endovascular coiling                     

 » Neurosurgical clipping                          

 » Stenting

• When an aneurysm ruptures, a team of specialists must manage any complications12 

 » Complications can be severe, for example cerebral ischaemia13

Watchful waiting:
The size and shape of the aneurysm is regularly monitored

Endovascular coiling: 
Inserting wire into the aneurysm

Neurosurgical clipping: 
Placing a small metal clip at the bottom of the aneurysm

Stenting: 
Inserting a small mesh tube into the affected blood vessel

Cerebral ischaemia:
A condition which occurs when the brain does not receive enough blood, which can 
result in brain damage13

Introduction
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This Targeted Literature Review (TLR) aimed to gain a clear picture of the FIA research landscape 
and guidelines. HBA Support’s reach is largely in the United Kingdom (UK) and so guidelines and 
studies in the UK were of particular interest. The objectives relate to three research streams:

SummaryObjectives and Rationale

Prevalence and Incidence
IAs are commonly asymptomatic, meaning many remain undiagnosed until rupture, at which 
point people are at risk of conditions associated with SAH.10, 13 There is therefore no single 
estimate of the number of people living with aneurysms globally, and available estimates vary 
greatly.14, 15 

This TLR therefore aimed to understand the pattern and distribution (epidemiology) of IAs 
and FIAs, through investigating the prevalence and incidence as a focus. This would provide a 
clearer estimate of how many individuals have been impacted by the condition.

Epidemiological studies may also help to determine whether those with a family history of 
IAs are at a greater risk of developing IAs than those without. This could inform important 
conversations with families and allow screening to be targeted to those with higher risk.

Genomics
Unlike some diseases caused by an alteration to a single gene, multiple different genetic 
variants have been associated with FIA development. Though many studies have investigated 
these genes, there is not a ‘confirmed’ list of genetic candidates.1 

This review aimed to summarise genetic candidates implicated in FIA in available genomic 
studies. Detectable genetic alterations (genomic markers) could help to predict high-risk 
cases through screening. This would empower individuals with a family history of IAs to 
access care, which is crucial for those who may have an existing, undetected IA.

National and International Guidelines
National and international guidelines on treating/managing IAs are lacking. Those that are 
available rarely differentiate recommendations for those with SIAs versus FIAs. There is also 
lack of clarity around screening for IAs.

This review collated available guidelines, including identifying those specific to the UK, to 
understand where more FIA-specific recommendations are required.

What genetic alterations 
cause familial intracranial 
aneurysms (FIAs)?
Variants of more than 30 genes 
suggested to increase susceptibility 
to FIAs

more than 20 chromosomal regions 
thought to contain variants that 
increase susceptibility to FIAs

What is the pattern and 
distribution of intracranial 
aneurysms (IAs)?

Global prevalence of unruptured IAs:

0.02–8.8% 

2.3–29.4% in individuals with 
a family history of IAs

in the general population

Global annual incidence of ruptured 
IAs in the general population:

0.6–25.7 per 100,000 people

Variants of 6 blood 
vessel strength genes 
implicated in FIAs 
across 2 or more 
studies

NOTCH3                                       
     

    
    

    
  L

OXL2

     SOX17    CDKN2BAS
   

   
   ANGPTL6

 A
R H G E F17

What guidelines are 
available for those with familial 
intracranial aneurysms (FIAs)?

guidelines: 2 or more relatives

1
?

guidelines: 1 or more relative

Number of first-degree relatives with an IA, 
aneurysmal subarachnoid haemorrhage (aSAH) 
or SAH required to recommend screening:

FIA international guidelines:

on treatment

9 on screening

7
9

2
9
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Health Technology Assessment 
bodies:
Provide recommendations on 
reimbursement of medicines and 
other healthcare interventions

Prevalence and 
Incidence Stream

Search focus: 
IA, FIA, epidemiology studies, 

prevalence and incidence

Platform(s) searched: 
MEDLINE database via Ovid SP 
platform, bibliography searches

Eligibility criteria: 
Patients with confirmed 

IA and/or FIA 

Identified records: 
3,134 articles

Relevant information: 
74 articles

Genomics Stream

Search focus:
 IA, FIA, genetic predisposition, 

genome-wide association studies 

Platform(s) searched: 
MEDLINE database via 

PubMed platform

Eligibility criteria: 
Patients with confirmed FIA

Identified records: 
470 articles

Relevant information: 
37 articles

National and International 
Guidelines Stream

Search focus: 
IA, FIA, guidance, guidelines

Platform(s) searched: 
HTA bodies and targeted search 

engines, such as National Institute 
of Healthcare and Excellence 

(NICE), Guidelines International 
Network, Trip Database and 

Guideline Central

Eligibility criteria: 
Patients with confirmed IA 
(aneurysm can be ruptured 

or unruptured)

Relevant information: 
10 sources

Figure 1. Summary of the study identification process across the TLR

Methods

The TLR was performed using a  
pre-specified protocol for each stream. 
Searches were conducted between November 
2021 and January 2022. 

To identify relevant articles that would answer 
the key questions of the TLR, multiple online 
platforms and websites were searched. This 
included electronic databases, which can 
be searched for published articles, and the 
websites of Health Technology Assessment 
(HTA) bodies. An overview of the study 
identification process is presented in Figure 1. 

For each stream, the relevance of every  
record identified was checked against  
pre-specified criteria. Due to a high amount 
of studies identified, articles were prioritised 
to ensure only the most relevant information 
for the TLR was included. 

Once the relevant articles had been 
identified, information that helped to  
answer the research questions of this TLR 
was extracted into pre-defined grids for  
each stream. 

A breakdown of the platforms searched to identify relevant articles and sources of information, including detailed search strategies 
and eligibility criteria, is available from HBA Support in an Appendix, upon request.
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Prevalence and Incidence0101
Discussion of Results

Included Studies

Epidemiology:
The pattern and distribution of a disease

Incidence:
The probability of a condition occurring in a select population over a given period of 
time

• Proportion: The proportion of an initially disease-free population that develops 
a condition during a specified period of time. Incidence proportion is calculated 
as the number of new cases in a given time period divided by the size of the 
population at the start of the period

• Rate: The rate at which cases develop over a specified period of time. Incidence 
rate is calculated as the number of new cases in a given time period divided by the 
number of people at risk for the condition

Prevalence:  
The proportion of a population with a particular medical condition at a given point in 
time, normally expressed as a percentage of the population

Prevalence and Incidence
A summary of the globally reported prevalence and incidence of FIAs and general IAs can be found 
below (Figure 2). Between studies in different countries, there was substantial variation in the 
reported epidemiology of FIAs and general IAs, as shown in Figure 3 and Figure 4, and Table 1 and 
Table 2.

No studies were found that reported the epidemiology of ruptured familial cases. Evidence  
suggests that FIAs have a higher risk of rupture than SIAs.17  Therefore, the prevalence and 
incidence of ruptured IAs in individuals with a family history of IAs may be higher than that seen 
in the general population. A list of studies investigating the risk of rupture can be found in an 
Appendix upon request.

Included populations varied between 
studies e.g. a selection of healthy 
individuals from the general  
population, or individuals admitted  
to specialist centres.

Studies were conducted in 24 countries, 
with many based in Japan and Norway  
due to IAs affecting a high proportion of 
the population.16

Only two studies investigated the 
prevalence and incidence of IAs in  
the UK.14, 15

Included articles reported medical 
records from 1951 to 2018.

74 articles were identified:

• 15 included results on familial  
cases of IAs (“FIA-specific”) 

• 61 included results that did  
not confirm the nature of the  
IAs (“general”)

In all included studies 
investigating IAs, the prevalence 
and incidence were calculated 
within the general population. 

In contrast, studies of FIAs 
calculated the prevalence within 
individuals with a family history 
of IAs.

IA cases were often confirmed through  
the collection and review of medical 
records and/or results of diagnostic  
testing from patient registries or  
hospital records. In some studies, 
autopsies were also conducted.
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Thailand  

12.9%
Turkey  

9.4%

Netherlands  

11.1%

US  

4.2–20.6%

Finland 

4.5–9.8%

Japan 

10.5% 

Canada  

29.4%

Hong Kong

2.3%

Countries where prevalence has been reported are highlighted in dark blue.18–28, 47 

Figure 3.  FIA-specific prevalence in individuals with a family history of IA according to country 

Unruptured

A beige background signifies the reported epidemiology of FIAs in individuals with a family history of IAs. A blue background  
signifies the reported epidemiology of IAs in the general population. All incidence proportion values signify the annual number 
of people with an IA per 100,000 people. All incidence rate values signify the number of expected people with an IA per 100,000 
person-years.14, 16, 18–81

Unruptured Ruptured Combined

Proportion Proportion Rate Rate Proportion Rate

No studiesNo studies No studies

No studies No studies

0.02–8.8%

2.3–29.4%

1–4.6%0.4%

6.1–28.3 29.6–90 0.6–25.7 3.7–16.8 9–52.2No studies
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e

Figure 2.  Reported prevalence and incidence of IAs and FIAs



16  |  Prevalence and Incidence

Korea 
1.8–5%

UK
1.1%

Norway
1.9%

Finland
3%

Iran  
3.3%

India
1%

Singapore
3.5%

Japan
4.6%

0.8–8.4%Nepal
0.4%

China
7.0–8.8%

Netherlands
1.8–2.3%

US 
0.02–1.8%

Total Number of IA Cases
Most studies recorded the total number of aneurysm cases and used this as the basis for their 
calculations. However, few studies were able to identify all cases of confirmed aneurysms. 
Therefore, the total number of people diagnosed with an IA and the number of people living with a 
known unruptured IA is unknown in many countries.

Three studies in the United States (US) and Canada investigated the 
percentage of familial cases in all known IA cases. It was reported that  
20% of ruptured and unruptured cases and 20–29% of ruptured cases,  
were familial.85, 86, 87

Table 2 presents studies that reported data 
from several medical centres. These studies 
were likely to capture more cases than  
single-centre studies, resulting in a more 
accurate estimate of the total number of cases 
per year.15, 73, 78, 82, 83, 91

Subpopulations of Patients with an Aneurysm
A total of 42 studies reported on a subpopulation of patients with an aneurysm (studies are listed in 
an Appendix, available upon request). These included individuals with:

• Multiple aneurysms

• Different sizes of aneurysm 

• Aneurysms in a specific location of the brain

No studies were found that calculated the prevalence and incidence of these specific aneurysm 
types. Studies instead focused on the proportion of total IA cases that each subpopulation 
accounted for.

Aneurysm characteristics can impact imaging outcomes and rupture risk, so these factors may be 
of relevance to assess in future epidemiological studies.79, 88 For example, evidence suggests there 
is higher prevalence of multiple IAs and ruptured IAs in the middle cerebral artery in patients with 

FIAs compared with SIAs.89

Points that are of relevance to the wider community are 
highlighted in light pink boxes

A UK study reported 7,221 IA ruptures per 
year based on records from 2005.15 Given 

the UK population has grown by ~8 million 
people since then,84 this demonstrates the 

need for updated data regarding the number 
of IA cases in the UK.

All incidence proportion values signify the annual number of expected people with an IA per 100,000 people. All incidence rate 
values signify the number of people with an IA per 100,000 person-years.14, 16, 23, 27, 29–46, 48–81 
Countries where prevalence and/or incidence have been reported are highlighted in dark blue. The size of the circle is not 
proportionate to the reported prevalence and/or incidence within that country. 

Figure 4. General IA prevalence and incidence in the general population according to country

Iran
Proportion

1.8

Japan
Proportion
3.1–24.4

Rate
21

Korea 
Proportion 
9.1–20.0 
6.1–28.3

Rate
52.2

12.6–16.8 
29.6–90

Australia 
and 

New Zealand
Proportion

8.1

New Zealand
Proportion
14.3–25.7Australia

Proportion
5.3–6.0

Lithuania
Proportion

2.7–3.9

Austria
Proportion

4.9

Finland
Rate

4.7–9.8

Norway
Proportion
7.9–11.3
9.3–17.3

Rate
5.7–16.4

Switzerland
Rate
3.7

Mongolia
Proportion
6.7–14.5

US
Proportion
7.7–21.8

15.6
Rate

9–10.3

Canada
Proportion

7.2 

Qatar
Proportion

0.6–1.0

Latvia
Proportion

10.3

A) Prevalence of general IAs

B) Incidence of general IAs

Unruptured, Ruptured and Combined 

Unruptured, Ruptured and Combined 
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A first-degree relative with an IA was required for an aneurysm to be defined as an FIA in all studies except two. Kojima et al (1998)23 
included individuals with second-degree relatives with an IA, Mathieu et al (1997)87 included individuals with two or more first- to 
third-degree relatives. IA: intracranial aneurysm; US: United States. 
aThe value was calculated by dividing the number of individuals with identified IA (51) by the total number of individuals invited to 
screening (458). 
bThe value was calculated by dividing the number of individuals with FIA (144) by the total number of individuals with IA (502).

IA subcategory Country Reported outcomes
Prevalence of IA in individuals with a family history of IA %

Unruptured

US 
Canada 

Netherlands 
Finland 
Turkey 
Japan 

Thailand 
Hong Kong

4.2–20.618–20, 25 
29.424 

11.1a, 26 
4.5–9.827,47 

9.422 
10.523 
12.928 
2.321

Percentage of familial cases in total IA cases %

Combined, ruptured and unruptured US 2085

Ruptured US 
Canada

2085, 86 
29b, 87

Table 1. Epidemiology of FIA 

First-degree relative:
A person’s parent, sibling or child

Table 2. Epidemiology of general IA 

IA subcategory Country Reported outcomes
Prevalence of IA within the general population %

Unruptured

UK 
US 

Netherlands 
Norway 
Finland 
Japan 
Korea 
China 

Singapore

1.114 
0.02–1.829, 30, 45, 46 

1.8–2.331, 44 
1.941 
327 

0.8–8.423, 32–35, 38, 42 
1.8–536, 37, 79 
7.0–8.839, 40 

3.543

Ruptured Nepal 0.451

Combined, ruptured and unruptured
Japan 
India 
Iran

4.648 
149 

3.350

IA: intracranial aneurysm; UK: United Kingdom; US: United States. 
a The value was calculated by dividing the total number of recorded IA cases (240) by the number of years that the study  
spanned (3). 
b The value was calculated by dividing the total number of recorded IA cases (34,899) by the number of years that the study spanned 
(20). As the population sample equated to 20% of all US community hospitals, the value was multiplied by 5 to estimate the number 
of cases across all community hospitals in the US.

IA subcategory Country Reported outcomes
Annual incidence proportion of IA within the general population Per 100,000 people

Ruptured

US 
Canada 

Australia 
New Zealand 

Australia and New Zealand 
Norway 
Austria 
Latvia 

Lithuania 
Japan 

Mongolia 
Korea 
Qatar 
Iran

7.7–21.830, 72 
7.261 

5.3–6.055 
14.3–25.760 

8.190 
7.9–11.369, 74, 80 

4.967 
10.357 

2.7–3.971 
3.1–24.453, 54, 56, 65, 81 

6.7–14.552 
9.1–20.058, 59 

0.6–1.062 
1.866

Unruptured
US 

Norway 
Korea

15.630 
9.3–17.374 
6.1–28.359

Incidence rate of IA within the general population Per 100,000 person-years

Ruptured

Finland 
Switzerland 

Norway 
Japan 
Korea 

4.7–9.816, 27 
3.770 

5.7–16.441, 64, 68 
2163 

12.6–16.873 

Unruptured Korea 29.6–9073

Combined, ruptured and unruptured US 
Korea

9–10.375, 77 
52.276

Total cases of diagnosed IA Number of cases per year

Ruptured

UK 
Netherlands 

Korea 
Pakistan 
Taiwan

7,22115 
1,24883 

6,389–6,54373 
80 a, 78 
43982

Unruptured Korea 11,256–37,99773

Combined, ruptured and unruptured US 9,000b, 91
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Included Studies
In total, 37 studies that investigated the  
genomics of FIAs were identified. These studies 
took place across North America, Europe and  
Asia-Pacific (APAC).

Figure 5. Genetic variants and loci implicated in FIA in two or more studies5, 92, 94–102, 106, 109, 111, 114, 118–122, 124, 127–130

Chromosome

Locus implicated in FIA in two or 
more studies

Evidence of linkage is directly 
contradicted in another study

Gene implicated in FIA in two or 
more studies

19q13

CDKN2BAS

NOTCH3

SOX17 LOXL2

4q32

X

1

4

7

8

9

19

1p36

Xp22

7q11

ANGPTL6

ARHGEF17
11

Evidence of association is directly 
contradicted in another study

Loci may contain genetic variants, which are a permanent change to the DNA 
sequence that makes up a gene. This change can lead to the production of a protein 
that does not function correctly resulting in disease. In the case of FIA, the genetic 
variants may increase an individual’s likelihood of experiencing an aneursym.

Genomic studies often consist of association studies or linkage analyses: 

Association studies:
Aim to identify genetic variants that increase susceptibility to a particular disease (i.e. a 
person is more likely to develop the disease because they have these genetic variants)

Linkage analyses:
Aim to find the chromosomal region (the genetic locus) where the genetic variants that 
increase susceptibility to IAs are located131 

Under these two categories, four study designs used to find disease susceptibility 
genes exist:

Genome-wide association studies: 
Studies searching across the whole genome for genetic variants that increase 
susceptibility to FIA

Candidate gene association studies: 
Studies searching within a particular gene/set of genes for genetic variants that 
increase susceptibility to FIA

Genome-wide linkage analyses: 
Studies searching the whole genome for the genetic loci of variants that increase 
susceptibility to FIA

Candidate locus linkage analyses: 
Studies searching a particular chromosomal region for the genetic loci of variants that 
increase susceptibility to FIA

Genomics0202
Discussion of Results

All genes that were implicated in FIA in two or more  
studies are involved in blood vessel strength.

Genomics:
The study of all of a person’s 
genes (the genome)

Locus:
In our DNA, genes are located 
on structures known as 
chromosomes at a fixed position, 
known as a genetic locus

Overview of Findings from  
Genomic Studies
Over 80% of studies provided evidence to implicate 
several genetic variants or loci in FIA.4, 5, 92–126 

However, there was no standout candidate reported 
(Table 3). Figure 5 presents the genetic variants 
and loci that were implicated in FIA in two or more 
studies.
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Some studies reported linkage of FIAs to loci known to contain genetic variants that may be 
implicated in FIAs. For example, chromosome 8q contains SOX17, 7q11 contains ELN and 13q14 
contains THSD1, which are all genes involved in blood vessel strength.5, 95, 98, 99, 101, 115, 116

There remains no standout disease-causing locus or susceptibility gene in FIA. The genetic 
variants that cause FIAs differ across geographical regions and between families within the same 
geographical region. For example, the four genome-wide association studies carried out in North 
America identified different genetic variants that may increase susceptibility to FIA.4, 110, 116, 126  
In some cases, studies investigating previously-identified IA loci or susceptibility genes could not 
prove the findings from earlier studies that took place within the same countries.5, 122 

Loci Implicated in FIA 
Across the studies, 21 chromosomal regions were reported to contain genetic variants that could 
increase susceptibility to FIA.5, 97, 98, 100, 101, 107, 111, 113–115, 119, 121

The existence of blood vessel strength genes SOX17, ELN, and THSD1 within a chromosomal  
region implicated in FIA,5, 95, 98, 99, 101, 115, 116 strengthens the evidence for the association of  
each of these genes. However, given there may be other genes within these chromosomal  

regions, these findings alone do not confirm that these genetic variants are associated with FIA.

Variants of CDKN2BAS, SOX17, NOTCH3, LOXL2, ARHGEF17 and ANGPTL6 were 
reported in multiple studies. These genes are involved in blood vessel strength, providing a 

potential link between these genes and FIA development.92, 94–97, 99, 102, 106, 109, 120, 124

If loci have been implicated in FIA across different geographical regions, the linkage of FIA to  
those loci is not specific to one ethnicity.

Genetic Variants Implicated in FIA 
Across the studies, variants of 38 genes were suggested to contribute to FIA development.4, 5, 92, 

94–97, 99, 102, 103, 106, 109, 110, 117, 118, 120, 123–126 

• There was evidence of an association between FIAs and variants of 14 genes involved in the 
development, maintenance or integrity of blood vessels in the brain.92, 94, 95, 97, 98, 102, 106, 109, 116, 117, 

123–126 

• Of these genes, six were reported in two or more studies:92, 94–97, 99, 102, 106, 109, 120, 124

SOX17

CDKN2BAS

were implicated in FIAs 
across multiple geographic 
regions95, 99, 102

ARHGEFI7

NOTCH3

LOXL2

were only implicated 
in FIAs in the APAC 
region92, 96, 109, 120

ANGPTL6

was implicated in FIAs 
in Europe94, 106

were reported across 
multiple geographic 
regions5, 97, 98, 111, 114, 119, 121

Xp22 1p36 7q11 19q13

The findings of genomic studies suggest that multiple 
different genetic variants may contribute to susceptibility         
to IAs.122 
Additional research to consolidate the list of genetic 
candidates may support genetic screening techniques  
for families impacted by FIA.
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Table 3. Summary of the genetic studies of FIA

Study Location
Study design

IA population studied Outcomea,b

Candidate gene association Candidate locus linkage Genome-wide association Genome-wide linkage

Multiple Regions

Deka et al (2010)95
North America,  
New Zealand  
and Australia

 
6 genetic variants on 2q33, 8q11 

and 9p21
- - - 406 unrelated individuals affected by FIA

A variant of SOX17 (on 8q) is 
associated with FIAs and variants of 
CDKN2BAS (on 9p) are potentially 

associated with IAs 

Foroud et al 
(2008)101

North America, New 
Zealand and Australia - - -

• Study population 1: 412 members of 170 
families with FIAsc 

• Study population 2: 482 members of 192 
families with FIAs

Chromosomes 4q32, 7q36, 8q12 
and 12q21 have evidence of possible 

linkage with FIAs

Foroud et al 
(2009)100

North America, New 
Zealand and Australia - - - 1,647 members of 290 families with FIAs Chromosome 4q32 and 12p12 show 

possible linkage to FIAs

Foroud et al 
(2012)99

North America,  
New Zealand and 

Australia

 
Variants within 8 loci. Linkage 

between these loci and FIA 
has previously been reported 

(4q31.23, 8q12.1, 9p213, 
10q24.32, 12q22, 13q13.1, 

18q11.2 and 20p12.1)95, 102, 132, 133

- - -

• Study population 1: 388 individuals 
affected by an FIA

• Study population 2: 829 and 61 
individuals with FIAs and SIAs, 
respectively

A variant of CDKN2BAS (on 9p) is 
associated with FIAs and there is 

some evidence to suggest a variant of 
SOX17 (on 8q) is associated with FIAs

Farlow et al 
(2015)97

North America,  
New Zealand and 

Australia
- -

• Genome-wide association:  
45 members of 7 families with an FIA

• Genome-wide linkage: 
2,317 members of 394 families with an 
FIA

Variants of 15 genes were identified 
as potentially associated to FIAs 

including ARHGEF17

Yang et al 
(2018)124

China, Japan and  
North America - - -

• 20 Chinese individuals with an SIA and an 
FIA

• 86 Japanese, European American and 
French-Canadian patients with an FIA

Variants of ARHGEF17 increase 
susceptibility to FIAs

Europe
Hostettler et al 
(2021)106 UK  

ANGPTL6
- - - 275 individuals affected by an FIA 6 variants of ANGPTL6 are implicated 

in FIAs 

Hofer et al 
(2003)104 Austria and Germany  

ELN
- - - 30 individuals affected by an FIA No association found between ELN 

and FIAs

Hofer et al 
(2004)105 Austria and Germany  

Lysyl Oxisase - - - 25 individuals affected by an FIA No association found between  
Lysyl Oxidase and FIAs 

Sauvigny et al 
(2020)118 Germany

 
Previously reported unruptured IA 
and aSAH risk genes (ADAMTS15, 

ANGPTL6, ARHGEF17, LOXL2, 
PCNT, RNF213, THSD1, 

TMEM132B)94, 110, 116, 124, 126

- - 3 members of a family with a history of an 
unruptured IA and/or aSAH

No association found between FIAs 
and previously reported unruptured 

IA and aSAH risk genes. 

Variants of EDIL3, EDNRB, DNAH9, 
NEK4 and GGA3 could increase 

susceptibility to FIAs

Roberts et al 
(2001)112 Ireland

 
K4 and PN repeats  

within Apo[a]
- - 50 members of 3 families with an FIA

No association found between the 
size of K4 and PN repeats within 

Apo[a] and FIAs

Bourcier et al 
(2018)94 France  

ANGPTL6
- - -

• Study population 1: 5 members of a family 
with an FIA

• Study population 2: 95 individuals of 6 
families with an FIA

One rare coding variant of ANGPTL6 
is implicated in FIA susceptibility 
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Table 3. Summary of the genetic studies of FIA

Study Location
Study design

IA population studied Outcomea,b

Candidate gene association Candidate locus linkage Genome-wide association Genome-wide linkage

Europe
van der Voet et al 
(2004)119 Finland -  

19q - - 222 affected relative pairs 
15 families with FIAs

Chromosome 19q13 is possibly linked 
to FIAs in the Finnish population

Ruigrok et al 
(2008)114 Netherlands - - -

16 siblings from 1 consanguineous family with 
an FIA (and their mother), 7 with a confirmed 

IA

Chromosome Xp22 is linked to FIAs. 
Chromosome 1p36 has evidence of 

possible linkage to FIAs114

Roos et al 
(2004)113

Netherlands - - -

• Study population 1: 16 members of a 
consanguineous family with an FIA in 1 
generation

• Study population 2: 4 non-
consanguineous families with FIAs

Chromosome 2p13 is linked to FIAs 
in the consanguineous family, but not 

in the other families with FIAs

North America

Lorenzo-Betancor 
et al (2018)110 US (Florida) - - -

• Study population 1: 13 members of 3 
families with an FIA/SAH

• Study population 2: 62 individuals with 
family history of an SAH, 12 with family 
history of an IA and 26 with family history 
of both

2 variants of PCNT are linked  
to FIAs

Farnham et al 
(2004)98 US (Utah) -  

7q11 - - 39 individuals from 13 extended  
families with an FIA 

Chromosome 7q11 contains 
susceptibility variants for FIAs 

Berthelemy- 
Okazaki et al 
(2005)93

US (Utah)  
ELN - - - 16 members of 13 families with an FIA No association found between  

ELN and FIAs

Santiago-Sim et al 
(2009)115 US - - - 32 first-degree relatives of 1 family and 3 

unrelated spouses, 10 with an FIA
Chromosome 13q14 is linked  

with FIAs

Santiago-Sim et al 
(2009)117 US

 
TGF-β and its receptors and 

coreceptors
- - - 44 individuals affected by an FIA Variants of ENG and TGFβR3 could 

increase susceptibility to FIAs

Santiago-Sim et al 
(2016)116 US - - - 36 members of 1 family, 9 with an FIA Variants of THSD1 could increase 

susceptibility to FIAs

Powell et al 
(2019)4 Canada - - - 95 members of 6 families with an FIA 2 genetic variants, 1of C4orf6 and 1 

of SPDYE4, are associated with FIAs

Zhou et al 
(2016)126 Canada - - - 26 members of 6 families with FC  

heritage with an FIA
Variants of RNF213 are possibly  

associated with FIA susceptibility

Asia-Pacific Region

Ding et al (2020)96 China - - - 5 members of 1 family with an FIA, 3 with a 
confirmed IA

•  A variant of NFX1 is likely to 
contribute to the development 
of FIAs

• A variant of NOTCH3 is 
potentially associated with FIAs 
and should be investigated 
further

Li et al (2019)109 China - - - 20 individuals affected by an IA, 19 with an FIA 3 genetic variants of NOTCH3 are 
associated with FIAs
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Study Location
Study design

IA population studied Outcomea,b

Candidate gene association Candidate locus linkage Genome-wide association Genome-wide linkage

Asia-Pacific Region

Wu et al (2018)120 China - - -
• Study population 1: 6 members of 1 family 

with an FIA, 4 with a confirmed IA

• Study population 2: 2 families with an FIA

A variant of LOXL2 may be responsible 
for a small proportion of FIA cases

Akagawa et al 
(2007)92 Japan  

LOXL1, LOXL2, LOXL3, LOXL4 - - - 185 individuals affected by an FIA A variant of LOXL2 is associated with 
FIAs

Hashikata et al 
(2010)102 Japan  

Variants within 9p, 2q and 8q - - - 142 members of 31 families with an FIA A genetic variant of CDKN2BAS  
(on 9p) is associated with FIAs

Hirota et al 
(2016)103 Japan

 
Autosomal dominant polycystic 

kidney disease genes
- - - 150 patients with an FIA Variants of PKD1 and PKD2 could 

increase susceptibility to FIAs

Krischek et al 
(2006)108 Japan -  

17cen - - 253 members of 106 families with an FIA, 
including 111 ASPs from 90 pedigrees

No linkage found between 17cen  
and FIAs

Mineharu et al 
(2007)111 Japan - - - 53 members of 9 families with an FIA, 36 with 

confirmed IA
Chromosome 19q13 is linked  

to FIAs 

Onda et al (2001)5 Japan  
ELN - -

• Linkage analysis:  
83 ASPs from 85 families with FIAs

• Candidate gene association:  
87 and 85 individuals with an FIA and an 
SIA, respectively

Chromosomal regions 5q22-31, 7q11 
and 14q22 have potential linkage to 

FIAs

A polymorphism of ELN (on 7q11) 
could indicate risk for IAs in the 

Japanese population
Yamada et al 
(2003)122 Japan -  

7q11 - - 64 members of 14 families with an FIA, 52 
with a confirmed IA

No linkage found between 7q11  
and FIAs

Yamada et al 
(2004)121 Japan - - - 120 members of 29 families with an FIA, 93 

with a confirmed IA 

• Chromosomal regions 19q13 and 
Xp22 are of potential interest

• Suggestive linkage exists 
between chromosome 17cen 
and FIAs

Yan et al (2015)123 Japan - - -

• Study population 1: 42 members of 12 
families with an FIA

• Study population 2: 24 additional families 
with an FIA

A variant of ADAMTS15 is associated 
with FIAs

Yoneyama et al 
(2003)125 Japan  

COL1A2 - - - 115 individuals affected by an FIA A variant of COL1A2 could increase 
susceptibility to FIAs

Kim et al (2011)107 South Korea - - - 31 members of 5 families with an FIA,  
9 with a confirmed IA

Chromosome 8p22 has potential 
linkage with FIAs

Table 3. Summary of the genetic studies of FIA

aSAH: aneurysmal subarachnoid haemorrhage; ASP; affected sibling pair; FC: French-Canadian; FIA: familial intracranial aneurysm; IA: intracranial aneurysm; SAH: subarachnoid haemorrhage; SIA: sporadic intracranial aneurysm; UK; United Kingdom; US: United States.  
aLight purple highlighting of the cells shows when the study found evidence to associate a genetic variant or loci with FIAs. Pink highlighting of the cells shows when the study found no evidence to associate a genetic variant or loci with FIAs.  
bGenes in bold, italics and red are involved in endothelial cell wall development, maintenance or integrity.  
c‘Families with FIAs’ describes families with multiple confirmed or suspected cases of IAs.  
dC1orf38, PTAFR, ZNF362, MAP7D1, ROBO3, FOXRED1,TMEM132B, KLF11, ABCC3, TANC2, ALMS1, ARHGEF17, SMEK2, HTRA2, NDST1. 
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Included Guidelines
Several guidelines were found that detail appropriate treatment and management for IAs. However, 
there are few national and international guidelines available that provide specific management and 
treatment recommendations for FIAs. 

The nine FIA-specific guidelines that were identified (see Table 4) focused on the screening of 
individuals in families with multiple IA cases (see FIA-specific Screening Guidelines), with only one 
guideline commenting on the treatment of FIAs (see FIA-specific Treatment Guidelines).

FIA-Specific Screening Guidelines 
Nine guidelines made recommendations about when an individual should be offered screening for 
IAs. These guidelines were based on research demonstrating the increased risk of aneurysm  
in individuals with family history of IAs. There was some variation between recommendations 
on how many IA- or SAH-affected first-degree relatives defines a ‘high-risk individual’, as shown 
in Figure 6. Having a second-degree relative with an IA or SAH is not taken into account when 
recommending screening.134–143 

Purple signifies an individual with an IA.

Seven guidelines suggested a screening test for 
asymptomatic individuals with two or more 

first-degree relatives with an IA or an SAH134–141

Two guidelines suggested a screening test for 
asymptomatic individuals with one or more 

first-degree relatives with an IA or an SAH142–143

Figure 6. Number of first-degree relatives with IA required to be recommended screening

In the UK, NICE prepared a guideline for SAH occurring as a result of ruptured aneurysms. This 
guideline included an evidence review for screening arterial IAs in relatives of adults with an 
SAH. No relevant clinical studies that compared assessment of first-degree relatives of people 
with an SAH to no routine assessment were identified in the guideline. However, two health 
economic evaluations, assessing different screening strategies, were identified and included. 

The committee concluded that screening should be made available to people with at least two 
first-degree relatives who have had an aneurysmal SAH. However, the risks and benefits of 
screening should be discussed with the individual. In addition, the individual’s risk of developing 
an IA, when taking into account the presence or absence of risk factors, should be considered. 
Given the lack of evidence to support screening, NICE concluded that further research into this 
topic is required. In February 2021, the development of the overall guideline document was 
halted, and so it is still in ‘template’ format.134

FIA-Specific Treatment Guidelines
Only one FIA-specific guideline is available that considers treatment recommendations.  
The guideline was a clinical decision analysis published in 1992 that only recommends surgical 
treatment for affected individuals under 70 years old with low or moderate surgical risk.143

Arterial intracranial aneurysm:
An intracranial aneurysm that occurs in the arteries, which are the blood vessels that 
carry blood from the heart to the rest of the body

National Institute for Health and Care Excellence (NICE):
A body of the Department of Health and Social Care in England that is responsible  
for providing recommendations on the reimbursement of medicines and other 
healthcare interventions

There is evidence that FIAs have a higher risk of rupture than SIAs and may therefore require  
a more rigorous treatment regimen to avoid rupture from occurring.17

The creation of FIA-specific treatment recommendations would be beneficial to  
ensure their appropriate management. 

National and International Guidelines0303
Discussion of Results
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Guideline Organisations Geographical breadth Central topic(s) FIA-specific recommendations

FIA-specific screening guidelines for asymptomatic individuals

Number of first-degree 
relatives required 

for individual to be 
recommended screening

Condition the 
relative must 

have (IA/ 
aSAH/SAH)

Additional details

Subarachnoid Haemorrhage 
due to Ruptured Aneurysms

Evidence Review For 
Investigating Relatives Of 
People With Aneurysmal SAH

(Draft For Consultation) 
(2021)134

NICE National 
(England)

Assessment of the evidence for the clinical and 
cost-effectiveness of examinations to check for 

arterial intracranial aneurysms in relatives of 
adults with an SAH

Two or more aSAH

• Recommends explaining to patients (and family 
members) about the uncertainty surrounding the 
advantages and disadvantages of examining relatives 
of individuals with an SAH or an IA 

• The relative’s own risk of developing IA should be 
taken into account (e.g. high blood pressure, whether 
the individual smokes) 

• The health economic evidence was not substantial 
enough to support investigation, and further 
research into this topic was recommended 

Acr Appropriateness 
Criteria®: Cerebrovascular 
Diseases-Aneurysm, 
Vascular Malformation, And 
Subarachnoid Hemorrhage 
(2021)135

American College of Radiology National 
(US)

Guidance on the appropriate imaging of 
cerebrovascular diseases to detect IAs Two or more IA or SAH NR

Korean Clinical Practice 
Guidelines For Aneurysmal 
Subarachnoid Hemorrhage 
(2018)136

Korean Society of Cerebrovascular 
Surgeons

National 
(Korea)

Recommendations on the diagnosis and 
management of an aneurysmal SAH Two or more IA or SAH NR

Clinical Appropriateness 
Guidelines: Advanced Imaging 
(2018)137

AIM Specialty Health National 
(US)

Guidance on head and neck imaging to detect 
IAs and the requirements pre-imaging Two or more IA or SAH NR

Guidelines For The 
Management Of Patients 
With Unruptured Intracranial 
Aneurysms (2015)138

American Heart Association/American 
Stroke Association

National 
(US)

Recommendations on the management of 
patients with unruptured IAs Two or more IA or SAH NR

Clinical Practice Guideline 
For The Management Of 
Intracranial Aneurysms 
(2014)139

Korean Society of Interventional 
Neuroradiology

National 
(Korea)

Recommendations on the diagnosis and 
management of IAs Two or more IA or SAH NR

Table 4. Summary of guidelines with FIA-specific recommendations 
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Guideline Organisations Geographical breadth Central topic(s) FIA-specific recommendations

FIA-specific screening guidelines for asymptomatic individuals

Number of first-degree 
relatives required 

for individual to be 
recommended screening

Condition the 
relative must 

have (IA/ 
aSAH/SAH)

Additional details

European Stroke Organization 
Guidelines For The 
Management Of Intracranial 
Aneurysms And Subarachnoid 
Haemorrhage (2013)140

European Stroke Organization International 
(Europe)

Recommendations on the diagnosis and 
management of IAs Two or more IA or SAH • Generally, screening should not be advised in the 

case of only one affected first-degree relative

Guidelines For The 
Management Of Aneurysmal 
Subarachnoid Hemorrhage 
(2012)141

American Heart Association/American 
Stroke Association

National 
(US)

Recommendations on the diagnosis and 
treatment of an aneurysmal SAH One or more SAH NR

FIA-specific screening guidelines for symptomatic individuals                                                                                                                                                                Guidance

American College 
Of Radiology Acr 
Appropriateness Criteria® 
Headache–Child (2017)142

American College of Radiology National 
(US)

Guidance on the brain imaging of children with 
headache to detect ruptured IAs

• Brain imaging should be offered to children with severe or unusual head pain with a first-degree 
relative with IA or another vascular abnormality

FIA-specific treatment guidelines Guidance

Familial Intercranial 
Aneurysms. A Review 
(ter Berg at al, 1992)143

Neurology Department at Twenteborg 
Hospital Almelo, The Netherlands             Unspecified Guidance on the management of patients with 

FIAs

• Surgical treatment is recommended to those under 70 years old with low or moderate  
surgical risk

• Only relatives aged 35–65 years old should be screened, ideally through intra-arterial digital 
subtraction angiography (a technique used to clearly visualise blood vessels)

Table 4. Summary of guidelines with FIA-specific recommendations 

aSAH: aneurysmal subarachnoid haemorrhage; FIA: familial intracranial aneurysm; IA: intracranial aneurysm; NICE: National Institute for Health and Care Excellence; NR: Not reported; SAH: subarachnoid haemorrhage; UK: United Kingdom; US: United States.  
Pink shading indicates a screening recommendation; purple shading indicates a management/treatment recommendation. 
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This TLR has addressed key questions relating to the FIA research landscape and guidelines. In 
doing so, it has highlighted areas where further research is needed, described below. Increased 
understanding of these areas would inform management and treatment approaches, and help 
deliver better care to people who need it most:

Genomics
Multiple genetic candidates have been associated with FIAs. However, the discrepancies 
between some studies and the limited understanding of how genetic variants lead to IA 
development means there is not a confirmed list of genetic candidates that cause FIAs. 

Further research into this area may help consolidate the list of genetic candidates and allow 
for genetic screening techniques to be put into place for FIAs. By identifying aneurysms 
at risk of rupture, preventative measures can be implemented that could avoid deaths and 
associated psychological harm.

National and International Guidelines
There are few national and international guidelines available covering the management 
and treatment of FIAs, meaning that the current clinical approach may be variable. Where 
guidance is specific to FIAs, it is mostly focused on the screening of high-risk individuals. 

Evidence suggests that the characteristics of FIAs differ from SIAs, particularly with a higher 
risk of rupture of FIAs.17 Tailored treatment guidelines would therefore be valuable in the UK 
and globally.

Prevalence and Incidence
Studies have shown that individuals with a family history of IAs are more likely to have an 
aneurysm. However, no studies have reported the prevalence and incidence of FIAs within 
the general population. This would give a valuable insight into the predicted number of total 
individuals affected by FIAs. 

In the UK, only two studies have been conducted which investigate the epidemiology of 
general IAs. No studies have evaluated the epidemiology of FIAs. 

Further research on the prevalence and incidence of FIAs could support the finalisation and 
update of guidelines for IA screening.

Outstanding FIA Research Questions Abbreviations

Abbreviation Definition

ABCC3 ATP-binding cassette, subfamily C 
[CFTR/ MRP], member 3

ADAMTS15 ADAM Metallopeptidase With 
Thrombospondin Type 1 Motif 15

ALMS1 Alstrom syndrome 1
ANGPTL6 Angiopoietin like 6
APAC Asia-Pacific
APO(A) Apolipoprotein(a) gene
ARHGEF17 Rho guanine nucleotide exchange 

factor [GEF] 17
aSAH Aneurysmal subarachnoid 

haemorrhage
ASP Affected sibling-pair
C1orf38 Chromosome 1 open reading frame 

38
C4ORF6 Chromosome 4 open reading frame 6
CDKN2BAS Cyclin-dependent kinase inhibitor 2B 

antisense RNA
COL1A2 Collagen type 1 a2
DNAH9 Dynein Axonemal Heavy Chain 9
EDIL3 EGF Like Repeats And Discoidin 

Domains 3
EDNRB Endothelin Receptor Type B
ELN Elastin
FC French-Canadian
FIA Familial intracranial aneurysm
FOXRED1 FAD-dependent oxidoreductase 

domain containing 1
GGA3 Golgi Associated, Gamma Adaptin Ear 

Containing, ARF Binding Protein 3
HTA Health technology assessment
HTRA2 HtrA serine peptidase 2
IA Intracranial aneurysm
K4 Kringle 4
KLF11 Kruppel-like factor 11
LOXL1-4 Lysyl Oxidase Like 1-4
MAP7D1 MAP7 domain containing 1
MRI Magnetic resonance imaging

Abbreviation Definition

NDST1 N-deacetylase/Nsulfotransferase 
[heparan glucosaminyl] 1

NFX1 Nuclear transcription factor

NEK4 NIMA Related Kinase 4
NHS National Health Service
NICE National Institute for Health and Care 

Excellence
NOTCH3 Neurogenic locus notch homolog 

protein 3
NR Not reported

PCNT Pericentrin
PKD1 Polycystin 1
PKD2 Polycystin 2
PN Pentanucleotide
PR Public relations
PTAFR Platelet-activating factor receptor
RNF213 Ring finger protein 213
ROBO3 Roundabout, axon guidance receptor, 

homolog 3 [Drosophila]
SAH Subarachnoid haemorrhage
SIA Spontaneous intracranial aneurysm
SMEK2 SMEK homolog 2, suppressor of mek1 

[Dictyostelium]
SOX17 SRY-box transcription factor 17
SPDYE4 Speedy protein ED
TANC2 Tetratricopeptide repeat, ankyrin 

repeat and coiled-coil containing 2
TGF-Β Transforming growth factor beta
TGFΒR3 Transforming growth factor beta 

receptor 3
THSD1 Thrombospondin type 1 domain 

containing protein 1
TLR Targeted Literature Review
TMEM132B Transmembrane protein 132B
UK United Kingdom
US United States
ZNF362 Zinc finger protein 362
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