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Abstract

Background: The most common cause of non-traumatic subarachnoid hemorrhage
(SAH) is the rupture of an intracranial aneurysm (lA). Ruptured IAs are associated with
high morbidity and mortality, with approximately 50-60% of patients succumbing to the
initial hemorrhage. Prophylactic treatment of unruptured |As is often performed to
prevent rupture; however, these interventions carry significant risks. Accurate risk
stratification between rupture risk and treatment risk is crucial for patient management.
Traditional predictors of IA rupture include size and location, but recent studies suggest
that size ratio (SR) might be a more reliable predictor.

Objective: This study aims to evaluate the predictive value of SR for IA rupture in a
patient population from Charlotte Maxeke Johannesburg Academic Hospital (CMJAH)
and Chris Hani Baragwanath Academic Hospital (CHBAH) using 2D angiographical
images.

Methods: We analyzed 151 patients with a total of 172 IAs (126 ruptured, 46
unruptured) from January 2016 to December 2021. We compared SR between ruptured
and unruptured IAs to determine the predictive value of SR for |A rupture risk.

Results: Unruptured 1As with a SR < 2 were 78.3%, while ruptured 1As with a SR > 2
were 98.4%. The mean SR was significantly higher in ruptured IAs (3.69 * 1.8)
compared to unruptured IAs (1.93 £ 1.1; P < 0.001). Logistic regression analysis
showed an odds ratio of 3.45 for doubling the SR value (P < 0.05; 95% CI: 1.045-
10.762). SR >2 demonstrated a sensitivity of 98.4%, specificity of 78.3%, positive
predictive value (PPV) of 92.5%, and negative predictive value (NPV) of 94.7% for
predicting rupture risk. The Wilcoxon rank-sum test confirmed that SR was statistically
significant (P < 0.05).

Conclusion: SR is emerging as a useful tool in predicting IA rupture risk. By focusing on
the IA's size relative to the parent vessel, SR offers a more precise risk estimate than
size alone, holding potential for personalized IA management. For SR to become a
standard in practice, large-scale studies and cross-disciplinary collaboration are
essential. This advancement represents a step towards individualized treatments,
tailoring interventions to the unique vascular characteristics of each patient.

Keywords: Intracranial aneurysm, subarachnoid hemorrhage, size ratio, rupture risk,
morphological parameters, risk stratification, 2D imaging.



Table of Contents

DECIAratioN ......coeeiiiiiiiieeeei e 2
ACKNOWIEAGEMENTS ... 3
Presentations and Publications ...............oooiiiiiiiiiiiiiiiiiee 4
Y 01 1 =T RPN 5
List of @bbreviations ....... ... 9
] (oo 11 o (o o ISR 10
Literature review and Background..................oooviiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee 11
OVEIVIBW ...ttt ettt oo o4ttt oo e 444 bttt e e e e e e e e e bbb e e e e e e e e e e e annnren s 11
Vascular Anatomy and LOCAIONS ...........uuiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiie e beeeeeeeeeeeeeeeaaee 11
Common Sites of Aneurysm FOrmation .............ccooiiiiiiiiiiii e 11
Morphological ClassifiCation ............ooooo i 11
Histopathology of AneurySmM WallS ...........ooiiiiiiiiie e 12
Haemodynamic and Aneurysm FOrmation.............coui i 12
Molecular PathWays .........cooooiiiieee 12
[ oo [=1 o 110 (oo Y2 13
Pathology and PathophySiOlOgy ...............uuuiiii e 14
D1 F=To | T 1= L O 14
QL= 1101 | PP 14
ENAOVASCUIAT ... e 15
SUrgiCal CHIPPING ..o 16
Natural History and Conservative Management..............ccooooiiiiiiiiiieei e 17
Figure1 Intracranial Aneurysm Morphological Parameters(6) ...........ccccccceouuemmmmeminnninninnnnnnnnns 18
U 2 e 18
Monitoring @and FOIOW-UD .......cooieieeeeeeeeee s 21
Y oTe L= o o T I 1= T PRSP 21
Aneurysm Location and Size VS RUPtUre RiSK...........ooiiiiiiiiiiiiiiiie e 22
Small aneurysms can get complicated............ooooiviiiiiiiiiiiii 23
The evolution of risk assesSSMENt Of IAS.........oiiiiiiii e 24
MEt@-aNAIYSIS ..o 26
The Landscape of Intracranial Aneurysms in AffiCa ... 27
| P ERPRRRP 28



Problem STatemMENt. ... ..o 28

ODJECHIVES ... e 28
Methods and MaterialS ...........oooiiiiiiiiiiiiiieeeeee e 29
Study deSIgN AN St ...uuu i e e e e e aaaaaa 29
INCIUSION CFIHEIIA: ... 29
EXCIUSION CrItEIIA . ... 29
StUAY POPUIALION: .. ..o e e e e aaaaaaana 29
Sample Size and Sampling Methods: ..o e 29
DAta SOUICES: ... nne 30
Data CoOllECHON: ... 30

[ F= ] = Y, =T F= To 1= o 1= o 30
Data AN@IYSIS: ... 31
Ethical Consideration: ...........oooiiiiiiiiiiiiiiiieeeeeeeee e 31
RESUILS ...ttt 32
=T (o] 0 Y= ] £ 32
Table 1 Demographics Of @NEUIYSMS ......ccocciiiieiiee ettt e et e e e et e e e e b e e e e enteeeeenreeas 32
ANCUIYSIM DY LOCALION ...ttt 32
Table 2 ANEUIYSM LOCATION.....ciiiciiieeeciiee ettt e ettt e et e e e e e e e s re e e e e tb e e e eenabeeeeenstaeeeennreeeeennseneeennsenas 33
ANEUIYSIM DY SIZE ...ttt ssssssssssssssnnnssnnsnsnnnnnnnnns 33
Table 3 ANEUIYSM DY SIZE et e e e e e e ba e e e s abe e e e sabaeeessbaeeesnreeas 33
ANEUrySM DY SiZ€ RALIO .....uuuiiiiiiiiii e 34
Table 4 ANeUrysmM DY Siz€ RAtIO ......ciiiiiiiiecciiie ettt e et e e e tee e e et e e e e eabe e e e entaeeeenrenas 34
Figure 3 Unruptured IA Size and Size Ratio DistribUtion ...........ccccvviiieiiieicciee e e 35
Figure 4 Ruptured IA Size and Size Ratio Distribution ..........cccceeveiiiiiiiiie e, 35
Mirror and MUItiple ANEUIYSIMS ... 36
Figure 5 Size Ratio in IMIrrOr ANEGUIYSIMS. ... ..uuuuueuiiiieieiiieeritierueuaraeneeeeeaaaearaaarara—————————————————————————————————_. 36
Size Ratio and Modified FiSher SCale ... 37
Figure 6 Size Ratio compared to Modified Fisher Scale for Ruptured IAS .........cccoveeeevciieeeecciiee e, 37
Size Ratio and World Federation of Neurosurgical Societies SAH Grade ................ccocouueeee. 37
Table 5 WFNS compared t0 Siz€ RAtiO......cccuiiiiiiiiiiiciiiieeecee ettt e see e e svee e e avae e e 38
Parent VESSEI SIZE ... nnnne 38
Table 6 Parent Vessel Size at Different A LOCatiONS...........coooiiiiiiiiiiiiiiiii e 38



SUMMArY Of FINAINGS ... 39

Interpretation Of RESUIS ..........oii i e e 40
(@4 [0 Toz= 1 I Lo 0] o] [ Toz=1 (o o S 41
Enhanced Risk Stratification...............oooii e 41
Improved Patient OQUICOMES ........coooiiieiee e e e e e e e e 41
Integration into Clinical GUIAEIINES.............uuuiiii e 42
Training and Standardization ..o 42
LD Ty ot D EE) () o U USPPRTRRPI 43
Size Matters, But NOt in All LOCAIONS ... .cenieeeee et 43
FISUIPE 7 SIZE RATIO ..eiiiiiiiiiiiiiieeee ettt et e s sttt e e e s s s st e e e e e e esssabebaeeeessenssnbanaaeeessennns 43
Image 1: DSAPcOomM IA  1mage 2: CTA PCOM LA ... e e 45
MIFTOT ANEUIYSITIS ...t 46
Influence of Size Ratio on Modified Fisher Grading .............coiieeiiiiiiiiiiiccc e, 47
Correlation Between Size Ratio (SR) and WFNS in Intracranial Aneurysms ..........cccooeeevvieeeennnn. 48
Parent VESSEI SIZE .......eeiiiiiiii i 48
Comparison with Previous StUdIES..........coooiiiiiiiii i 49
Limitations of the StUAY ... e 50
FUtUre DIrECHIONS ......coeiiiiiiiieiiieeeee et 52
CUITENt ChallENGES ...t e e e e e e e e e e 52
(O70] o3 (0151 o o EO TP PPPPPPP 54
Revolutionizing Aneurysm Treatment with Size Ratio..............ccccociiiiiis 54
REFEIENCES: ...ttt 55
Y o] o= g T [T =3RRI 59
Appendix A: Data Collection ShEET.........uvi i e 59
Appendix B: Summary of Variables Captured.........cccocuueieeciiiei ettt 60
Appendix C: Modified FISNEI SCOME ..... ettt et e et e et e e e e are e e e e enraee e enreeas 60
ApPPeNndiX D: WEFNS SAH SCOIE......uuiiiiiiiiiieciiiee e ccitee e ettt e e e ste e e e ste e e esare e e essbaeeesntaeessnnseeesensseeesssnsens 61
Appendix E: PlagiariSm REPOIt........ciiiiiiiiiciiiie e ettt eeitee e ecree e este e e e sve e e s satee s e saaaeessnnbeeesenteeesennsenas 62
Appendix F: EthIiCS APPrOVaAl ...coocuiiiiiiiiie ettt e e e ve e e e e tee e e s atae e s sabaeeeenbaeeeennrenas 63



List of abbreviations

SAH  Subarachnoid hemorrhage

IA Intracranial aneurysm

SR Size Ratio

ACA  Anterior Cerebral Artery

ACom Anterior Communicating Artery
DACA Distal Anterior Cerebral Artery
ICA Internal Carotid Artery

MCA  Middle Cerebral Artery

PCA  Posterior Cerebral Artery

PCom Posterior Communicating Artery
BA Basilar Artery

WSS Wall Shear Stress

MMP  Matrix Metalloproteinases

AVM  Arteriovenous Malformations
MFS  Modified Fisher Scale

WFNS World Federation of Neurosurgical Societies SAH grade
CFD  Computational Fluid Dynamics

DCl Delayed cerebral ischemia



Introduction

The most common cause for non-traumatic subarachnoid hemorrhage (SAH) is the rupture of
an intracranial aneurysm (lA). IA carries a prevalence of 2 to 5% of the entire population(1).
SAH from ruptured IAs are associated with significant morbidity and mortality. Approximately 50
to 60% of patients who present with a ruptured IA will demise from the initial hemorrhage(2).
Unruptured |As are often treated prophylactically to avoid rupture and reduce the high mortality
and morbidity rates associated with IAs. Surgical and endovascular treatment also carry
significant risks of their own and a risk stratification between rupture risk and treatment risk is
essential in the treatment of 1As(3). A better understanding of rupture risk will help in the
decision-making process, as well as informing patients about treatment options, risks with
intervention, and when intervention is needed. Unfortunately predicting rupture risk in IAs has
proven to be very difficult. Many of the mechanobiological factors responsible for IA rupture
cannot be conveniently quantified under clinical conditions due to multiple mechanobiological

factors and complex pathophysiological processes(4).

In current practice the |A size and location are the most commonly used morphological
parameters(5). With larger size and posterior circulation IAs carrying a higher risk of rupture
compared to smaller and anterior circulation IAs(3). Retrospective studies have found a far
higher frequency of small and ruptured IAs than initially were anticipated based on natural
history studies. There is contradicting findings if the prediction done only on the size is
accurate(3). The advancement of technology and the improvement of imaging quality have led
to the discovery that alternative morphometrics and 1A haemodynamics significantly correlate
with IA ruptures. Size ratio is a potential morphological measure for predicting IA rupture risk.
This characteristic take into consideration vessel shape and size, it may help to bridge the gap
between morphological and more qualitative location-based investigations(6). Size ratio is
calculated using the size (i.e. long axis) of the IA, which is divided by the size (diameter) of the

parent artery of the I1A(7).

In our patient population limited research has been done in further understanding morphology
and haemodynamics to better manage and predict rupture of IAs. This study was aimed to
better understand and treat I1As using 2D imaging which is regularly available in practice in order

to reduce the high morbidity and mortality rates of I1As.
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Literature review and Background

Overview
Intracranial aneurysms (IAs) are pathological dilatations of the cerebral arteries that

form when a weaker portion of the arterial wall bulges outward, causing irregular blood
flow in the sac. These IAs are most typically encountered at artery bifurcations in the
Circle of Willis and are noteworthy because they can rupture and cause subarachnoid
hemorrhage (SAH), which has a high morbidity and fatality rate. 1A is a pertinent health
issue, whether or not there has been a rupture. Currently, there is a need to clarify
clinical practice recommendations on this topic. The diagnosis and identification of high-
risk individuals, therapeutic principles and the selection of treatment methods for
unruptured IAs need to be taken into consideration when treating IAs. Although they
have limitations, earlier research has identified a number of important risk factors for 1A
rupture. We now have a better grasp of the individual rupture risks for individuals with

unruptured IA because of new research techniques and technological advancements(6).

Vascular Anatomy and Locations
The Circle of Willis is a ring-shaped vascular structure found near the base of the brain

that facilitates collateral blood flow between the anterior and posterior circulation. It is
made up of the anterior cerebral arteries (ACAs), anterior communicating arteries
(ACom), internal carotid arteries (ICAs), posterior cerebral arteries (PCAs), and
posterior communicating arteries (PCom). This complicated haemodynamic and

vascular branching, the Circle of Willis is the most common location for 1As(9).

Common Sites of Aneurysm Formation
ACom |As are a small diameter artery |IA with significant flow stress, making IAs in this

location more likely to rupture. ACom IAs account for 30% of all IAs. PCom IAs are
associated with hypertension and are more commonly associated with the ICA. PCom
IAs account for 25% of IAs. Haemodynamic stress usually causes IAs to form at the
bifurcation points of the MCA. MCA |As account for 20% of 1As(6).

Morphological Classification
The most common kind of I1As are saccular aneurysms, characterised by a berry-

shaped protrusion with a distinct neck that links to the parent artery. Fusiform
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aneurysms, which produce circumferential arterial dilation, are often associated with
atherosclerosis. Dissecting aneurysms are caused by a rupture in the artery wall,
resulting in a blood-filled pathway between the layers of the artery, commonly seen

during traumatic or spontaneous dissections(10).

Histopathology of Aneurysm Walls
An IA's wall is physically different from a regular cerebral artery. The media tunica

muscle layer is often absent or weak, resulting in decreased structural support. The
endothelium is also weakened and can rupture which can contribute to aneurysm
thrombosis and strokes. The outer layer, the adventitia, may lack the strength and

flexibility of a healthy vessel wall, but might thicken with fibrous tissue(11).

Haemodynamic and Aneurysm Formation
Haemodynamic factors have a very important influence on the formation and

development of 1As. Excessive or oscillatory wall shear stress (WSS) can cause severe
damage to endothelial cells, this damage is frequently worsened by turbulent blood flow
patterns, especially around artery bifurcations, where the blood flow divides and
becomes more chaotic in the area. These situations can considerably raise the chance
of IA development if present. Patients with high intraluminal pressure, which is
commonly caused by uncontrolled hypertension and leads to extra stress on the artery
walls, weakening them over time and increasing their susceptibility to IA formation. The
combination of mechanical stress and the negative consequences of deviating WSS
creates an ideal environment for |1As to form and grow(8). This is crucial in
understanding the link between haemodynamic factors and aneurysm development for
early identification, prevention and treatment of 1As. This can influence medical
measures targeted at stabilising blood pressure, increasing vascular health and
eventually minimising the risk of IA development and rupture(8)

Molecular Pathways
Molecular studies have shown essential processes in the pathophysiology of

aneurysms. Persistent inflammation, driven by cytokines and matrix metalloproteinases
(MMPs), causes extracellular matrix degradation and vessel wall weakness that cause

instabilities in aneurysm walls, which induce vascular smooth muscle cell loss and
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deregulation of extracellular matrix proteins. |IA may also be caused by genetic
abnormalities in genes related to collagen formation, elastin maintenance and

endothelial function(13).

Epidemiology
|As affect 2-5% of the study population and account for around 80-90% of all

nontraumatic SAH(1). Throughout a person's lifespan 50% to 80% of all IAs do not
rupture(9). Unruptured IAs have been shown to be more prevalent in women, with a 3:1
ratio compared to males(10). The majority of IAs are sporadic lesions, but there are rare
familial variants associated with several conditions, including arteriovenous
malformations (AVM) of the brain, autosomal dominant polycystic kidney disease,
Marfan syndrome, Ehlers-Danlos syndrome type |V, fibromuscular dysplasia,
Moyamoya disease, and sickle cell anaemia(11). A family history of |As significantly
increases the risk to develop IAs, with individuals with one first-degree relative who has
had an IA before face approximately a 4% risk of developing one themselves, while
those with two or more affected first-degree relatives have an 8% to 10% risk(12).
Guidelines recommend that all high risk individuals with autosomal dominant polycystic
kidney disease, as well as those with two close relatives diagnosed with 1As, should
undergo screening using angiography(13). Modifiable risk factors that have been
identified for aneurysmal rupture include alcohol use, smoking, and high blood
pressure(1). There are multiple mechanobiological factors and complex

pathophysiological processes associated with 1As(4).
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Pathology and Pathophysiology
A meta-analysis of genetic studies has identified 18 single nucleotide polymorphisms

associated with sporadic IAs, showing the intricate genetic aetiology of this condition.
The most significant associations were found on chromosome 4 close to the EDNRA
gene and others on chromosome 8 in proximity to the SOX17 transcription regulator
gene, and chromosome 9 within the CDKNZ2B antisense inhibitor gene(14). Smoking
and high blood pressure increase the risk to develop IAs, because they produce
vascular alterations that lead to the development and rupture of IAs(15). It has also
been noted that a reduction in the tunica media, results in structural abnormalities,
which is often found histologically. These flaws cause aneurysmal outpouchings on the

arteries which causes abnormal haemodynamic flow patterns(16).

Diagnosis
Radiology techniques that can be used to determine the dimensions and morphologic

characteristics of an IA, these include magnetic resonance angiography (MRA), CT
angiography (CTA), and catheter angiography (DSA). For CTA the specificity ranges
from 87% to 100%, while sensitivity values range from 77% to 97%(19). DSA is still
considered the gold standard for angiography via direct intra-arterial catheterization, but
also carries the most risk and cost(17). Risks include neurologic problems, which occur
in 1.0% to 2.5% of cases and lifelong disability in 0.1% to 0.5% of cases(18). Overall,
because CTA is non-invasive, it is the preferred technique for screening unruptured
IAs(19).

Treatment
The most appropriate course of treatment for an unruptured IA is to assess the risks of

endovascular therapy or surgical clipping against the potential of aneurysmal rupture
without intervention, keeping the natural history in mind(21). Prospective randomised
controlled trials are still insufficient to advise therapy, particularly when comparing
intervention to conservative care. Most publications have a retrospective focus and do
not provide an objective review of the effects throughout the short and long term. As of
today, the best evidence for treating unruptured IAs comes from comparing their natural
history to observed rates of complications following aneurysm management(22).
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Endovascular
The most popular method of endovascular therapy is using a microcatheter to insert

detachable coils into the aneurysm, which causes thrombus formation in the aneurysm
and separate them from the parent vessel. Aneurysms with a thin neck (<4 mm) and a

low dome-to-neck ratio (<2) are good candidates for coil treatment(20).

In other more challenging cases, such as large neck (>4 mm) or high dome-to-neck
ratio (>2), adjunct methods like balloon inflation or stent implantation at the aneurysm
neck is often used. Preventing coils from falling or extending into the parent artery from
the aneurysm neck, adjunctive approaches for coil embolization lower the risk of

thromboembolic consequences(21).

According to a meta-analysis, there is a 1% to 2% risk of mortality and a 4% to 5% risk
of poor outcomes after endovascular therapy(24). The International Study of Unruptured
Intracranial Aneurysms (ISUIA) found that in 451 patients treated with endovascular
coiling, the 1-year morbidity rate was 6.4% and the mortality rate was 3.1%(5). The
results are not directly comparable since the endovascular group's baseline
characteristics differed from those of the surgical group, which included more difficult
IAs, older patients, larger aneurysms, and a higher percentage of posterior circulation

aneurysms(2).
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Surgical Clipping
An open craniotomy is required to provide access to the IA for microsurgical clipping.

Once the aneurysm is found and isolated from the parent vessel, a steel clip is placed
on the neck of the IA. 90% of the time, surgical clipping resulted in complete occlusion,

proving its effectiveness in treating 1As(25).

A meta-analysis of 733 individuals revealed a 1.0% mortality rate and a 4% severe
morbidity rate(21). Retrospective results from the ISUIA study revealed a death rate of
2.3% at 30 days and 3.0% at one year for 798 patients who had surgical clipping. At 30
days after surgical clipping, the combined morbidity and mortality from ISUIA, which
included significant functional disability and severe cognitive impairment, was 17.5% in
patients without a prior intracranial haemorrhage and 13.6% in patients who had

previously experienced a haemorrhage from another IA.

A recent meta-analysis by Kotowski reported that from 60 studies encompassing 10,845
aneurysms in 9845 patients, clipping of unruptured cerebral aneurysms was associated
with 1.7% death and 6.7% morbidity rate(26).
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Natural History and Conservative Management
It is critical to comprehend the IA’s natural history while choosing a course of therapy.

The International Study of Unruptured Intracranial Aneurysms (ISUIA) is a large-scale
study that combined multiple centers in the USA, Canada, and Europe. The patients
were enrolled prospectively if an unruptured IA was found. The authors evaluated the
natural history of unruptured aneurysms and assessed the morbidity and mortality
associated with either endovascular or open surgery. 4060 patients were enrolled in the
study, 1692 were conservatively managed, 1917 had open surgery, and 451 underwent
endovascular procedures. 5-year cumulative rupture rates for patients who did not have
a history of SAH with IAs were 0% to 2,6% for aneurysms less than 7 mm. In larger IAs
where the size was 7 to 24 mm, the risk of rupture was 2,5 to 18,4% and IAs 25 mm or
greater had a 50% rupture risk. As a result, the rates were often the same as or higher
than those associated with the endovascular or surgical repair of comparable lesions(3).
According to study results, small IAs were considered low risk for rupture and managed

conservatively. >50% of patients had follow-up for less than five years.

This is however currently still considered the standard in the approach to predicting
rupture of IAs. However, other studies have provided abundant evidence that many

ruptured IAs are relatively small(22).

In the study Rupture risk of small unruptured cerebral aneurysms, the authors found
that even though the accepted annual rupture rate of small unruptured IAs is 0.36% per
year they found a large proportion (35%) of small ruptured IAs with a size of <5
mm(23). As a result of these discrepancies, inconclusive, and variable results, there is
increasing evidence that other factors play a significant role in predicting IA ruptures in
addition to size(7).

Morphology Parameters for Intracranial Aneurysm Rupture Risk Assessment studied 45
patients with IAs (25 unruptured, 20 ruptured). Three-dimensional geometries were
evaluated for a range of morphological parameters. In addition to previously studied

parameters, they also defined novel parameters incorporating the parent vessel
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geometry and explored their correlation with aneurysm rupture. Analysis by logistic
regression revealed that SR had the strongest independent correlation with ruptured IA,
reaching statistical significance (odds ratio, 1.41; 95% confidence interval, 1.03-1.92).
77% of ruptured |As showing a SR greater than 2, and 83% of unruptured |As showing
a SR less than 2. SR was found to be a new morphological metric for IA rupture risk

assessment(6).

PCoA
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| | | |

Inflow Angle

Figurel Intracranial Aneurysm Morphological Parameters(6)

Definitions of Morphological Parameters. Size of aneurysm dome = Dmax; aspect ratio
(AR) = Height/Neck; size ratio (SR) = 6Dmax/(D1+D2+D3+D4+D5+D6); dome-to-neck
ratio (DN) = Dmax/Neck; bottleneck factor (BN) = Width/Neck(8).

Although the numbers from this previous study was low, the authors conducted an
additional study as a virtual experiment after SR showed promise compared to other

previously studied parameters.

Size
{Dome
Height)
. 3
Vessel Neck (D)
Diameter {D“}I ) Flow

Figure 2 Size Ratio Measurements(10)

Size ratio = Long Axis / Vessel Diameter (SR = L/Dv)
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In the study Influence of Intracranial Aneurysm-to-Parent Vessel Size Ratio on
Haemodynamics and Implication for Rupture: Results from a Virtual Experimental, the
authors virtually reconstructed IAs from patient 3D angiographic images. The authors
examined how variations in SR had an impact on intra-aneurysmal haemodynamics, as
previously noted, since haemodynamics are implicated in both IA development and
rupture. One sidewall and one terminal |A was reconstructed virtually from patients’
angiographic images. As part of two independent silicon experiments, the authors
varied the SR from 1.0 to 3.5 by virtually changing either the aneurysm size or vessel
diameter, while holding the other parameter constant (including IA size).
Haemodynamics analysis of each model was conducted through pulsatile computational
fluid dynamics simulations. The authors found that low SR (<2) aneurysm morphology
consistently demonstrated simple flow patterns with a single intra-aneurysmal vortex,
whereas higher SR (>2) aneurysm morphology presented multiple vortices and complex
flow patterns. The IA luminal area that was exposed to low wall shear stress increased
with increasing SR. Complex flow, multiple vortices, and low aneurysmal wall shear
stress have been associated with ruptured IAs in previous studies(24). According to
their findings, higher SR, regardless of aneurysm type or aneurysm or vessel size,
produces flow patterns typical of ruptured IAs. The authors also strongly suggested that
the absolute size of an IA is less relevant to the development of dangerous intra-
aneurysmal haemodynamics than is the relationship between IA size and parent vessel

caliber, as it doesn’t take into account the parent vessel anatomy(25).

A large-scale study was done as part of the Sapporo SAH study in Japan. The authors
evaluated the ability of SR to predict IA rupture with a high level of confidence,
specifically also in small (<5 mm) IAs. Radiological data was collected from 854 patients
with SAH who were initially enrolled in the Sapporo SAH Study, as well as 180 patients
who presented with unruptured |IAs. The size, aneurysm-to-vessel size ratio, and
distribution were precisely compared between ruptured |1As and unruptured IAs. The
authors found that for all IAs, the size was significantly higher in ruptured IAs (7.0+1.3
mm) than in the unruptured IAs (3.7£1.2 mm; P<0.001). The authors also found that SR
was also significantly higher in ruptured IAs (4.3+1.9) than in the unruptured |As

(2.2+1.6; P<0.001). Multivariate logistic analysis showed that size and size ratio were
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correlating with |A rupture. However, in small IAs, multivariate logistic regression
revealed that only SR was associated with ruptured 1As (P=0.008; odds ratio, 9.1).
There were no significant differences in size or aneurysm location. The authors
concluded SR, and not the absolute size, may highly predict the risk of rupture

especially in small unruptured 1As(26).

Volumetric analysis in three dimensions (3D) was used in the studies described
previously and more details on IA dome anatomy have also been included using
complex three-dimensional (3D) shape indices, such as the undulation index, however it
is challenging to apply these 3D-dependent tools in everyday clinical practice. There is
limited access to complex 3D analyses and risk assessment is usually conducted with

two-dimensional (2D) images.

Based on the fact that 2D measurements will only be of clinical value in a greater
number of cases, the authors in the study, Size ratio for clinical assessment of
intracranial aneurysm rupture risk were interested in determining if SR determined from
2D angiography was correlated with 1A rupture status. In this retrospective study, the
authors examined SR, traditional aspect ratios (AR), and aneurysm size parameters for
correlation with rupture status. The authors evaluated a cohort of 38 IA cases (16

ruptured) with 2D rotational angiographic images.

The authors found only SR achieved statistical significance (p < 0.05) in Wilcoxon rank-
sum test. For every doubling of the SR value, logistic regression generated an odds
ratio of 3.52 (p < 0.04; 95% confidence interval: 1.035-11.938). The authors concluded
that SR was the most highly correlated parameter with |A ruptures, and could be easily
obtained from angiographic images in 2D(27). The incorporation of the aneurysm shape
and parent vascular geometry in this morphometric was credited with contributing to the
outstanding performance of SR. All aneurysm shape properties are captured by most
morphometrics. The influence of aneurysm site on rupture is indirectly accounted for by

SR by taking parent vessel geometry into consideration(27).
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Monitoring and Follow-up
Conservative management includes routine follow-up imaging with CTA as well as

routine exams. Although there is no specified optimal time period, it is advisable to
repeat the CTA every year for about three years, followed by multiple more times at a
reduced frequency if there were no interval changes with the 1A(42). Interventional

treatment should be strongly considered for individuals with aneurysm growth(16).

Modern Times
The increased use of imaging technologies has resulted in a better identification rate for

unruptured cerebral aneurysms(28). Once discovered, we must consider the location,
size, morphology, age, clinical presentation, and other medical problems while weighing
the aneurysm's natural history against the risk of intervention. These characteristics will
also determine the type of interventional technique to utilise if the patient fits the
requirements for intervention. It is critical that conservative therapy be considered only
when the risk of rupture is low, and recent breakthroughs in imaging and new

morphological indicators such as SR should be employed to assess rupture risk(29).
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Aneurysm Location and Size VS Rupture Risk
Previous studies have established a relationship between location and |A rupture(30).

Anterior circulation |As account for 69.4% of all small (<7 mm) ruptured IAs(31). The
anterior communicating artery (Acom) ruptured considerably more frequently than not
rupturing. The Acom was the most prevalent location of small (<7mm) |As rupture, while
IAs on the internal carotid artery (ICA) and on the ophthalmic artery seldom
ruptured(28). |1As with arteries with a smaller diameter have an average smaller size of
ruptured IAs. It is hypothesised that aneurysms on smaller arteries will have thinner
walls and according to Laplace's equation, suffer higher wall tensile stress when they
are exposed to the same pressures as IAs with thicker walls. As a result, they assert
different relative resistance to rupture between two aneurysms of the same size that
originate from arteries of various diameters and wall thicknesses. Vascular size and wall
thickness often decrease behind branching points and the further distal an IA is in the

arterial tree, the thinner its wall will be, leading to increased wall stress(32).

It is obvious that there is a link between the diameter of the parent vessel and the 1A
size that influences the chance of IA rupture. The parent vessel and other "general”
location details could be too qualitative to accurately reflect regional differences in
vessel shape and IA. Taking the local parent vessel diameter into consideration when
comparing IA diameters using SR. When the parent vessel's diameter varies or there
are no discernible patterns based on the overall position of the IA, SR can be
particularly helpful in determining the rupture risk. These are circumstances that neither

geography/location nor size can fully explain(33).

The value of the SR explains why |As rupture least frequently on the ICA and most
frequently on the Acom. For instance, a 5 mm aneurysm on the Acom (average
diameter of 2 mm) has a considerable rupture risk (SR) of 2.5, but a similar-sized 5 mm
aneurysm on the ICA (average diameter of 4 mm) has a much lower rupture risk (SR of
1)(25).
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Small aneurysms can get complicated
Rinkel indicated in his research that small IAs are commonly seen in ruptured IA

populations due to a statistical impact driven by overall IA incidence, rather than a high
rupture risk of smaller IAs. Even though the majority of IAs are small and have a low
rupture risk, the sheer volume of small IAs contributes to the total number of ruptured
IAs. Rinkel's calculations reveal that, while the small IA's yearly rupture risk is typically
less than 1% for IAs under 7 mm, the large population of small IAs ensures that some

will present with rupture(34).

Larger aneurysms, although less frequent, provide a higher risk of rupture due to
increased wall stress and complicated haemodynamics(25). When examining the
rupture pattern in a mixed population of IA sizes, small aneurysms appear in the rupture
cohort mostly because they are more common in the overall IA population, rather than

having a high rupture risk(34).

The statistical distinction here is critical. While the chance of rupture for any small IA is
low, they might appear prominently in rupture statistics when their prevalence
surpasses their individual risk(31). This explains why many ruptured |As are small, but

having a small aneurysm does not always mean there is a high rupture risk.

When assessing IA rupture risk, relying solely on SR is inadequate because it overlooks
crucial factors like aneurysm morphology, wall integrity, patient age, and hypertension.
Morphological abnormalities such as irregular shapes or daughter sacs are often
indicative of higher rupture risk due to their association with hemodynamic stress on the
IA wall(35). Additionally, individual factors like age and hypertension affects vascular

resilience, influencing rupture potential independently of size(32).

Integrating SR as an added tool in the thorough assessment of both patient and

aneurysm specific criteria enhances accuracy and prevents unnecessary interventions.
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The evolution of risk assessment of 1As
Risk assessment of IA care has changed as new insights into rupture risks have

emerged, supported by clinical and theoretical studies. Prospective, randomised
controlled trials (RCTs) and meta-analyses have historically been placed at the top of
the evidence hierarchy because they reduce bias and give strong, generalisable results.
However, due to the ethical and practical limitations of researching |As, the majority of
IA rupture risk studies are observational, generally retrospective or cross-sectional.
These studies rate lower in the evidence hierarchy, leading to potential biases, but they
are nonetheless useful in understanding rupture dynamics and establishing risk grading

systems.

Historically, |IA rupture risk assessment began with basic parameters such as aneurysm
size and location, which were found in early clinical series to be associated with rupture
occurrences. The International research of Unruptured Intracranial Aneurysms (ISUIA)
was landmark research from the 1990s that used observational data to demonstrate
that rupture risk may be stratified by size, location, and patient history. ISUIA's risk
classification technique provided a basis, but it was hampered by the possibility of
selection bias and the wide patient inclusion criteria, which may not correctly reflect all

patients at risk(36).

With developments that followed, scoring systems such as PHASES (Population,
Hypertension, Age, Size, Earlier SAH, Site) developed to provide a more accurate
assessment of risk, combining both patient-specific and aneurysm-specific variables.
PHASES, which uses pooled worldwide data, offers a semi-quantitative method that
incorporates geographic and demographic characteristics. The PHASES score is
frequently used because of its simplicity and reliance on easily measured criteria,
although it may overlook newer parameters such as morphological traits and

haemodynamic factors, which recent studies show increase rupture risk(37).

In addition to observational data, theoretical research, notably in computational
modelling, has helped to shape the evolution of risk assessment. Computational fluid
dynamics (CFD) has revealed information on haemodynamic stress on aneurysm walls,

implying that parameters such as wall shear stress and oscillatory shear index may
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predict rupture regardless of size. These theoretical studies, albeit lower in the evidence
hierarchy because they are often based on simulations, suggest interesting approaches

for individualising rupture risk prediction(38).

Risk rating methods now try to include clinical and theoretical results. Some studies
propose merging CFD characteristics with known risk ratings to generate composite
scoring systems that consider both structural and haemodynamic aspects. The
evidence hierarchy therefore incorporates both traditional clinical data and developing
theoretical inputs, reflecting the complexities of appropriately predicting IA rupture risk.
Moving forward, integrating these algorithms might improve prediction accuracy,

allowing better stratifying of patients and perhaps minimise the number of fatal ruptures.
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Meta-analysis
Morphological Characteristics of Ruptured Brain Aneurysms: A Systematic Literature

Review and Meta-Analysis(35).

A large scale meta-analysis was published on 25 January 2023 in the Journal of Stroke:
Vascular and Interventional Neurology. A literature review was conducted to determine

what was the best morphological predictor of rupture risk.

The size of the IA, aspect ratio (AR), size ratio (SR), ellipticity index, non-sphericity
index, and undulation index were all searched for in papers using the Nested
Knowledge platform. The authors used the PubMed database for the search. Studies
that compared the morphological characteristics of ruptured and unruptured 1As were
included in their analysis. The authors used a search string of key words related to 1As

rupture prediction to methodically screen the literature for relevant studies.

In all, 63 studies involved 13 025 IAs, including 6966 ruptured and 6059 unruptured IAs.
When compared to unruptured |As, ruptured IA were bigger (P<0.001) in terms of size,
AR, SR, ellipticity index, and non-sphericity index. Most studies (29/63, 46%) included
IAs in multiple locations. A variety of imaging modalities were used, with 33 studies
using DSA, 28 CTA, and 2 multiple imaging approaches. IAs that ruptured had an
average size of 6.1 mm (95% CI: 5.6-6.5). The anterior cerebral artery (ACA) (P=0.28),
anterior communicating artery (Acom) (P=0.31), and basilar artery (BA) (P=0.51) all had
IAs that were similar in size when they ruptured and when they did not. Ruptured I1As
had a mean AR of 1.5 (95% ClI, 1.4-1.6) and a mean SR of 2.3 (95% CI, 2.1-2.5). The
mean SR for mirror I1As was 2.2 (95% CI, 2.1-2.5) and the mean AR was 1.2 (95% ClI,
1.2-1.5). The authors concluded that ACA, ACom and BA |As that had ruptured and
those that had not showed an appreciable variation in size and in every site, there was
a considerable difference in SR between ruptured and unruptured |As. The authors
used criteria for rupture |As status included a mean AR of 1.5 and a SR of 2.3. The
authors concluded that in every site, including the ACA, Acom, and BA, the SR was the

most reliable indicator of the rupture status of aneurysms(35).
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The Landscape of Intracranial Aneurysms in Africa
In Africa, where resources are scarce, the prevalence, treatment, and prognosis of SAH

are still not well documented. The lack of neuroimaging frequently results in a false or
missed diagnosis of SAH, and most patients remain untreated because vascular
neurosurgeons and even neurosurgical facilities are inaccessible at most healthcare
institutions. SAH present an intricate and sometimes fatal situation for most
patients(39).

It is essential to have a prompt diagnosis and treatment option available to avoid
complications. In Africa, effective treatment approaches, favourable functional results,
high survival rates and in some situations, the lack of comorbidities are all examples of
positive outcomes in 1As care(40). Rehabilitation is still very scarce for patients who

need a longer time to recover while facilities are restricted.

A meta-analysis of studies for |IAs from Africa; Cerebral aneurysms in Africa: A scoping
review, the authors found that the most common treatment technique in Africa was
microsurgery, which was utilised 27.3% of the time, followed by therapeutic abstinence
(4.7%) and endovascular (coiling) therapy (3.2%). In 26.2% of cases, the result was
considered favourable, meaning there was either full recovery or modest handicap; the
death rate was 7.9%. The authors also reported 26.1% of cases with favourable
outcomes(41). The overall pooled death rate across the study was 7.9%, which is lower
than the 8.9% mortality rate after rupture for aneurysm surgery but higher than the rates
for unruptured IA surgery reported in the USA (1.4—3.5%)(42).

To tackle these obstacles, measures aimed at enhancing the availability of diagnostic
instruments, augmenting the workforce with skilled personnel, and instituting specialist
IA treatment facilities are necessary. To improve patient outcomes and lessen inequality
in IA care throughout Africa, cooperation, research, and capacity-building initiatives are
crucial. In an environment that doesn’t do well with limiting morbidities it is even more

crucial to identify high risk individuals who have a high risk of rupture of their IAs.
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Aim

The aim of the study was to measure and compare SR from ruptured and unruptured
IAs at Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) and Chris Hani
Baragwanath Academic Hospital (CHBAH) from 1 January 2016 to 31 December 2021

using 2D angiographical images to predict rupture risk of IAs in this study population.

Problem Statement

Predicting rupture risk of I1As has proven to be very difficult. Multiple mechanobiological
and pathophysiological factors play an important role in the development and increasing
the risk of rupture in IAs. The advancement of technology and the improvement of
image quality have led to the discovery that SR of |As significantly correlate with
ruptures. Despite the importance of better understanding morphology and
haemodynamics in managing and predicting IA rupture in our patient population, little
research has been conducted in this area. To reduce IA morbidity and mortality rates,
this study can allow better understanding and treatment algorithms for patients with |1As

using 2D imaging, which is frequently available in clinical practice.

Objectives
e Compare the SR between ruptured and unruptured |IAs of patients to predict
rupture risk of IA.
e Document SR and IA rupture status at different anatomical sites and sizes.
e Correlate SR and WFNS at presentation to predict morbidity and mortality.

e Correlate SR with modified Fisher score on the initial CTB.
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Methods and Materials

Study design and Site: A retrospective observational, analytic record review of
consecutive patients who presented with 1As to CMJAH and CHBAH. Patients were
identified by reviewing theatre records, admission records and records from the angio-
suites. The local electronic imaging system was used to trace recorded image studies

and reports together with clinical indications for imaging.

Inclusion Criteria: All patients over 18 years of age who presented with ruptured or
unruptured IAs to CMJAH and CHBAH from 1 January 2016 to 31 December 2021 with

single or multiple IAs.

Exclusion Criteria: All patients younger than 18 years of age who presented with
ruptured or unruptured I1As to CMJAH and CHBAH from 1 January 2016 to 31
December 2021 who had CTA done after 72h. Vasospasm in these patients would
affect the accuracy of parent vessel size(43). Patients from referral hospitals where the
CTA was done at the referral hospital and could not be traced. Patients who demised
prior to CTA being done. IAs secondary to trauma or other direct injuries. Patients with
inadequate data or missing files.

Study Population: CMJAH and CHBAH cover the majority of Southern Gauteng with a
population of approximately 15 million people(44), compromising approximately 15% of

the entire population of South Africa.

Sample Size and Sampling Methods: For a population of patients with IA, a sample size
of 196 is sufficient to estimate a parameter of interest with 95% confidence and a
margin of error of 5%. Consecutive sampling was be used to include all accessible
participants in the study. Given the probability and exclusion criteria a sample size of

150 would be adequate.
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Data sources: Casualty and ward admission patients with an admission diagnosis or
discharge diagnosis of IA was identified together with all angio-suites and theatre
records of patients who presented with IAs to CMJAH and CHBAH. These identified
patients had a file and a radiographic electronic data review. Each patient had a specific
file number which can be used to trace the required information. Data was deidentified
to ensure confidentiality and then entered and stored. Radiographic imaging done at
both hospitals are between 0.19-0.25 pixels with a frame rate of 25 frames/second

which meet the international standards.

Data Collection: For each patient in the cohort, SR was calculated from the vessel
diameter and length/size in millimeters using 2D angiographic imaging through the
Phillips image processing program from the electronic database. The SR for each
patient was added to the different size classification of IAs. Each of these groups was
subclassified into ruptured and unruptured IAs. The SR of each patient was added to
the different anatomical location of the |IAs. The WFNS score was calculated from the
clinical examination included in the CT report or if inadequate from the patient’s records.
The modified Fisher score was determined from the non-contrast CT brain and was

correlated with the CT report.
Data sheet is attached as an appendix.

Data Management: All data was stored electronically on Microsoft Excel and backed up
on a Google cloud with only the researchers having access to the information. The
stored data can be used for future studies or be used to compare our cohort with other

international studies once correlating studies have been approved.
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Data Analysis: All data was analyzed and processed with the use of the STATA version
16 data analysis program(45). The calculated SR between the ruptured and unruptured
groups using the average and median of each group was evaluated for statistical
difference. The Wilcoxon rank-sum test was used for normally or non-normally
distributed data respectively. With normality being calculated by the skewness and
kurtosis of the data for each group. The study evaluated the null hypothesis that SR did
not predict rupture risk in 1As. A difference between the two groups was considered
clinically significant at P < 0.05. Variables reaching statistically significance through
univariate logistic regression was further analyzed using multivariate logistic regression.
Variables that reached statistical significance was also tested for positive predictive
value (PPV) and negative predictive value (NPV). We looked at the WFNS and modified

Fisher score and SR, to see if there was clinical significance.

Ethical Consideration:

This study used human participants and ethics approval was needed. Ethics approval
was obtained from Wits Human Research Committee (medical) with clearance
certificate number: M230629 MED23-03-078 prior to data collection.

As this was a retrospective study, there is no change in the management of these
patients. Patient data was only collected with only the file number being used to trace

the information required.
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Results

Participants
The study included 151 participants with a total of 172 IAs. There were 126 (73.3%)

ruptured IAs and 46 (26.7%) unruptured IAs. Table 1 shows the basic demographic
distribution of participants in each of these groups. From the 151 patients, 9 (5.9%) had
multiple 1As and 11 (7.3%) had mirror IAs. During the collection time period there was a
total of 183 IAs who presented to the two collection centers, but 32 (17.5%) participants
were excluded who didn’t meet the inclusion criteria or who had inadequate information
available on the system. The average age at presentation was 54.12 years. Female

gender was more common and showed a M:F ratio of 1:1.33 in our study population.

Table 1 Demographics of aneurysms

Demographics N %
Ruptured IAs 126 73.3
Unruptured |As 46 26.7
Total 172 100
Gender

Male 65 43.1
Female 86 56.9
Total 151 100

Aneurysm by Location
A total number of 172 aneurysms was collected. Ruptured IAs were 113 (89.6%) in the

anterior circulation group and 13 (10.3%) in the posterior circulation group, while
unruptured IAs were 45 (97.8%) in the anterior circulation group and only 1 (2.2%) in
the posterior circulation group. Anterior circulation 1As accounted for 158 (91.8%) and
posterior circulation 14 (8.2%) of the total study population. Table 3 shows a detailed
breakdown of 1As found at different anatomical locations. The most common location of
unruptured IAs were at the ICA (32.6%) and the Pcom (30.4%), while the most common
ruptured IAs were at the Acom and the MCA (30.2%).
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Table 2 Aneurysm Location

Location Unruptured IAN (%) | Ruptured IA N (%) Total N (%)
Acom 6 (13.1) 38 (30.2) 44 (25.5)
ICA 15 (32.6) 15 (11.9) 30 (17.4)
Pcom 14 (30.4) 17 (13.5) 31 (18)
MCA 8 (17.4) 38 (30.2) 46 (26.7)
DACA 2 (4.3) 5 (4) 7(4)

PCA 1(2.2) 5 (4) 6 (3.5)

BA - (0) 4 (3.2) 4 (2.3)
PICA - (0) 4 (3.2) 4 (2.3)
Total 46 (100) 126 (100) 172 (100)

Aneurysm by Size

The majority of unruptured IAs (37; 80.4%) were in the less than 7mm group, but there

was a significant number (61; 48.4%) of I1As less than 7mm in size in the ruptured |As

group in this study population. Ruptured IAs were substantially larger (7.1£1.1 mm) than

unruptured IAs (4.5+1.3 mm; P<0.01). There was only one giant aneurysm found in the

study group, which was a ruptured ICA IA. In the unruptured group with |1As larger than

7mm, most were located at the ICA, but still had low SR (<2) with their larger parent

vessel at this location.

Table 3 Aneurysm by Size

Aneurysm Size Unruptured IA N Ruptured N (%) Total N (%)
(%)

0-7mm 37 (80.4) 61 (48.4) 98 (57)

8-12mm 4 (8.7) 57 (45.2) 61 (35.5)

13-24mm 5(10.9) 7 (5.5) 12 (7)

>=25mm (Giant) 0 1(0.8) 1(0.5)

Total N (%) 46 (100) 126 (100) 172 (100)
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Aneurysm by Size Ratio
Unruptured |As with SRs < 2 were 36 |As (78.3%) and ruptured |As were 2 1As (1.6%).

SRs of > 2 were 124 (98.4%) in the ruptured group and 10 1As (21.7%) in the
unruptured group. Ruptured IAs had considerably greater SR (3.69+1.8) compared to
unruptured IAs (1.93+1.1; P<0.001). According to multivariate logistic analysis, size and
size ratio were associated with |A rupture. However, in small IAs (<7mm), multivariate
logistic modelling showed that only SR correlated with rupture of IAs (P=0.04; odds
ratio, 8.9). Table 4 shows a more detailed comparison of the mean ruptured and

unruptured IAs SR at different anatomical sites.

In the Wilcoxon rank-sum test only SR was statistically significant (p < 0.05). Logistic
analysis yielded an odds ratio of 3.45 for doubling the SR value (p < 0.05; 95%
confidence interval: 1.045-10.762). The null hypothesis that SR does not predict rupture

risk in IAs was tested and reach clinical significance between the two groups (P < 0.05).

Figure 3 and 4 illustrate the data distribution of SR compared to size in our study

population.

We compared unruptured |As and ruptured IAs using a SR of >2 and <2 as an indicator
to predicted rupture. We found that a SR of 2, had a sensitivity of 98.4%; a specificity of
78.3%. SR also showed a high positive prediction value (PPV) of 92.5% and a negative
prediction vale (NPV) of 94.7%.

Table 4 Aneurysm by Size Ratio

Location Unruptured IA SR Ruptured IA SR
Acom 1.97 3.55
ICA 1.94 3.84
Pcom 1.81 4.31
MCA 1.92 3.50
DACA 1.94 4.85
PCA 1.90 4.76
BA - 2.89
PICA - 3.33
Mean Value 1.93 3.69
Average Value | 1.91 3.88
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Figure 3 Unruptured IA Size and Size Ratio Distribution
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Mirror and Multiple Aneurysms
From the total of 151 patients in our study population, 11(7.3%) had mirror IAs and

9(6%) had multiple IAs, with 1(0.7%) of these patients having three 1As noted on CTA.
Although the mirror IAs group was small, SR for the two groups with the Wilcoxon rank-
sum test still showed statistically significance (p < 0.05). DACA |As showed the biggest
difference (4.95) in SR for ruptured and unruptured |As. Figure 5 shows the comparison
in SR for the same location for rupture and unruptured I1As. The most common location
for mirror 1As was MCA (36%), ICA; Pcom and DACA had 2 each (18%), with 1 (9%)
PCA IA in the study population.

Figure 5 Size Ratio in Mirror Aneurysms
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Size Ratio and Modified Fisher Scale
We compared the SR of the ruptured |As and their Modified Fisher Scale (MFS) at

presentation. From our study population we found 55(43.7%) MFS 4, 46(36.5%) MFS3,
22(17.5%) MFS2 and 3(2.4%) MFS 1. We discovered an association between very high
SR and high MFS, which is nearly always found with ruptured IAs, but this only
achieved marginal significance (p=0.08). A high SR suggests an increased chance of
serious hemorrhage, which leads to an increase in the MFS. Figure 6 compares SR and
MFS for 126 ruptured IAs and showing that very high SR was mostly associated with
high MFS gradings. Figure 6 compared SR to MFS grading for Ruptured IAs.

Figure 6 Size Ratio compared to Modified Fisher Scale for Ruptured IAs
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Size Ratio and World Federation of Neurosurgical Societies SAH Grade
We compared the World Federation of Neurosurgical Societies SAH grade (WFNS) at

presentation with SR to determine if there is correlation and if SR could be used as an
early predictive marker for the clinical severity of SAH. Table 5 WFNS compared to Size
Ratio shows a more detailed comparison. This however failed to reach clinical

significance (p=0.14).

Table 5 WFNS compared to Size Ratio

WFNS Number (%) Median Size Ratio
1 47 (31.2) 3.48

2 39 (25.8) 3.56

3 32 (21.2) 3.75

4 21 (13.9) 3.68

5 12 (7.9) 4.06

Total 151 (100)

Parent Vessel Size
We compared the average parent vessel size between ruptured and unruptured IAs.

ICA and PCom |As showed a statistical significance between the two groups (p=<0.05).
IAs at other locations didn’t show the same difference in size for the two groups,
however most parent vessels in the unruptured 1As were still larger than those

compared in the ruptured IAs group.

Table 6 Parent Vessel Size at Different IA Locations

Location Unruptured |IA Vessel Size (mm) | Ruptured IA Vessel Size (mm)
Acom 1.68 1.62
ICA 3.98 2.90
Pcom 2.46 2.01
MCA 2.28 2.25
DACA 1.3 1.12
PCA 1.9 1.65
BA - 3.05
PICA - 1.18
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Summary of Findings
The goal of this study was to compare the prediction value and accuracy of SR in IA

rupture risk compared to traditional evaluation of aneurysm size alone. According to

multivariate logistic analysis, size and SR were both associated with IA rupture risk.

However, we found in our study, in small IAs (<7mm), multivariate logistic modelling

showed that only SR was related with ruptured 1As (P=0.04; odds ratio, 8.9). Regardless

of their absolute size alone, IAs with a higher SR were more likely to rupture. In the

Wilcoxon rank-sum test only SR was statistically significant (p < 0.05). This confirms the

hypothesis that the haemodynamic environment plays a major impact on IA stability and

rupture risk, as suggested by SR in our and previous similar studies. This study's key

findings are as follows:

1)

3)

Superior Predictive Value of SR: Compared to the |A's absolute size, SR was
found to be a considerably better in predicting IA rupture risk. Greater SR values
in IAs showed a significantly greater chance of rupture, emphasizing the
importance of SR as a crucial risk assessment tool. Logistic analysis yielded an
odds ratio of 3.45 for doubling the SR value (p < 0.05). SR showed a high
positive prediction value (PPV) of 92.5% and a negative prediction vale (NPV) of
94.7%.

Consistency Across Various Patient Populations: SR's predictive accuracy was
shown across a wide range of patient demographics, including age and gender
differences. This consistency emphasizes how SR may be used broadly in a
variety of patient populations in the future. SR had a sensitivity of 98.4% and a
specificity of 78.3%.

Improved Risk Stratification: Adding SR to clinical practice may improve risk
prediction and enhance the ability to identify high-risk IAs with greater accuracy
compared to older models used. This advancement may make it easier to
provide therapy in a timely and effective manner, which would lower the risk of IA
ruptures and avoid unnecessary treatment being done which also carry their own

associated risk.
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Interpretation of Results
The integration of morphological parameters like SR is crucial to improve risk

assessment tools or algorithms. SR takes into account the 1A's size or growth in relation
to the parent vessel diameter, as opposed to absolute size alone. This is important to
take into account since |IA development is determined by haemodynamic changes,
which is defined by pressure gradients and wall shear stress in IAs. Elevated shear
stress and turbulent blood flow patterns are well known and described to cause
endothelial injury, which leads to inflammation and weakening of the IA wall. These
factors are taken into consideration and shown by high SR values, which correlate with

extreme biomechanical dynamics.

Comparison of our results with studies of Computational Fluid Dynamics (CFD) that
have shown a link between unfavorable haemodynamic conditions inside IAs and
increased SR values. These circumstances include lower wall shear stress (WSS) and
higher oscillatory shear index (OSlI), both of which are linked to the development and

increased rupture risk of I1As.

The clinical implications for risk stratification by adding SR to clinical practice may
improve the way IA rupture risk is categorized. The main criteria currently
recommended for intervention is primarily the absolute size of the IA. SR needs to be
taken into account according to our results as an extra measure that offers more
information on |A stability. By avoiding rupture and eliminating needless treatment for
low-risk 1As, this dual-parameter strategy may improve patient outcomes with better

decision making in everyday clinical practice.

Although the study emphasizes the value of SR, it also emphasizes the need for
standardized measurement protocols to use it in clinical practice. The widespread use
of SR measurement techniques will be dependent on achieving a consensus on the

procedure and incorporating it into existing diagnostic frameworks.
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Clinical Implications
The treatment of patients with |As will be significantly improved by incorporating the SR

into clinical practice, especially using 2D imaging which is more regularly available in
resource restricted populations. The size and location of the IA are the only criteria
considered in current guidelines to decide if intervention is required that considers
haemodynamic parameters of IAs. The results from our study, clearly indicate that SR
should be included as an additional metric in order to more accurately identify patients

with high rupture risk. This approach will have several advantages in clinical practice.

Enhanced Risk Stratification
Conventional size-based criteria fail to capture the complex combination of

haemodynamic stressors and biomechanical components that contribute to 1A
instability. SR allows clinicians to have a better understanding of an |A's rupture risk.
Higher SR values are associated with elevated shear stress and turbulent flow patterns
that are prone to rupture, indicating that the IA is expanding significantly in proportion to
the parent vessel. This improved risk classification makes it simpler to detect 1As that
are likely to rupture, allowing for timely and successful care. This study has shown that

a higher SR correlated with an increased risk of rupture.

Improved Patient Outcomes
Patients with high-risk 1As will benefit from early intervention such as endovascular

coiling or surgical clipping. Through precise identification of rupture-prone 1As, medical
professionals can take earlier measures to lower the risk of catastrophic events and
thus lower the rate of SAH and the morbidity and mortality. Avoiding Unnecessary
interventions with low-risk |As that are unlikely to rupture can also be identified with SR.
Individuals with low SR readings would benefit from cautious monitoring. This tailored
approach minimizes patient exposure to potential complications from interventions and
reduces healthcare resource utilization in an already low resourced environment
Clinicians can develop individualized treatment plans by considering the characteristics
of each particular aneurysm as well as patient-specific factors like age, comorbidities,
and overall health. This maximizes safety and efficacy by ensuring that each patient

receives the appropriate level of care based on their individual risk profile.
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SR can be used to influence follow-up and dynamic monitoring strategies for patients
with unruptured IAs. Patients with increasing SR values may require more frequent
imaging, whereas stable, low SR patients may benefit from less frequent imaging. This
dynamic technique ensures that high-risk |IAs are detected and treated in a timely
manner since it allows for quick alterations to treatment regimens in response to

changes in aneurysm morphology.

Integration into Clinical Guidelines
SR is a better predictor of rupture risk than absolute size alone and there is strong

evidence that it should be included in the most recent clinical guidelines. Professional
organizations and guideline committees could explore adding SR into established

processes for assessing and managing IAs.

Training and Standardization
Standardized measuring methods must be developed to guarantee that SR is used

consistently in clinical practice. Radiologists, neurosurgeons and other medical
professionals should undergo training emphasizing the need of accurate SR
computation and interpretation. Adopting standardized procedures on a regular basis
can improve patient care by boosting the consistency of SR assessments across
practitioners and institutions. Promoting multidisciplinary collaboration, healthcare
teams may develop comprehensive care pathways that include SR into daily practice,

ensuring that patients with 1As receive the most accurate and successful therapy.
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Discussion:

Size Matters, But Not in All Locations
The size ratio (SR) is a crucial morphological parameter that quantifies the relationship

between the aneurysm size (long axis) and divided by the average parent vessel
diameter (1+2/2) as shown in figure 7. Specifically, SR is defined as the ratio of the
maximal aneurysm height to the diameter of the parent vessel at the site of the IA. This
metric provides a more nuanced understanding of IA rupture risk than size alone, as it

considers the relative size of the aneurysm in the context of its anatomical environment.

Vessel
diameter Flow direction

Figure 7 Size Ratio

Aneurysms with high SRs have deep domes compared to the diameter of their parent
vessel, creating specific haemodynamic conditions that predispose them to rupture. The
significant difference in SR between ruptured and unruptured IAs across all locations

underscores the robustness of SR as a predictive marker.

Our study shows IA size alone does not fully account for the risk of rupture of IAs, this
was also shown in a recent large meta-analysis(35). Size is a one-dimensional measure
and does not capture other critical morphological parameters that influence IA rupture
risk. There are many other morphological features such as shape, neck diameter, the
presence of irregularities, and daughter sacs significantly increase the likelihood of
rupture that have been well described in previous studies(35). These morphological
characteristics provide additional insights into the structural stability of IAs that size

alone cannot.
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The majority of unruptured 1As (37; 80.4%) were in the less than 7mm group, but there
was a significant number (61; 48.4%) of |1As less than 7mm in size in the ruptured |As
group in this study population. With only using size as a predictor these IAs were
previously thought to have a low risk of rupture according to natural history studies(36).
Ruptured IAs were substantially larger (7.1£1.1 mm) than unruptured IAs (4.5+1.3 mm;
P<0.05). Our Study has shown that the difference in size between ruptured and
unruptured aneurysms was not statistically significant for aneurysms located in the
anterior cerebral artery (ACA) and anterior communicating artery (Acom). This suggests
that aneurysms in these locations can be small yet still pose a high risk of rupture. The
morphological feature that showed a significant difference between ruptured and
unruptured IAs in these locations was SR. The SR consistently demonstrated an
association with rupture status across all aneurysm locations. In the unruptured group
with 1As larger than 7mm, most were located at the ICA, but still had low SR (<2) with
their larger parent vessel at this location. This finding supports the hypothesis that
certain small aneurysms, especially those in the ACA and Acom, may be identified as
high-risk based on their SR.

These findings highlight the importance of looking beyond size alone when assessing IA
rupture risk. Given that aneurysms can be detected at various points in their natural
history, identifying clues of instability besides size is essential. SR provide valuable
information for triaging IAs and deciding on appropriate treatment strategies. By
integrating morphological parameters into clinical practice, physicians can more
accurately identify high-risk IAs that may warrant early intervention, thereby potentially

preventing catastrophic ruptures.

In our study we found that unruptured IAs with SRs <2 were 36 IAs (78.3%) and
ruptured IAs were 2 |1As (1.6%). SRs >2 were 124 (98.4%) in the ruptured group and 10
IAs (21.7%) in the unruptured group. Ruptured IAs had considerably greater SR
(3.6911.8) compared to unruptured IAs (1.93+1.1; P<0.001). We found that a SR of 2,
had a sensitivity of 98.4%; a specificity of 78.3% in predicting rupture in IAs. SR also
showed a high positive prediction value (PPV) of 92.5% and a negative prediction vale

(NPV) of 94.7%. This threshold may serve as a useful benchmark for future studies
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aimed at determining rupture risk. The SR's utility as a predictor is particularly
noteworthy for IAs smaller than 7 mm, where traditional size-based criteria may fail to

adequately capture the rupture risk.

Ruptured IAs located in the DACA exhibited the largest mean SRs, indicating a higher
relative size compared to their parent vessel. This finding is significant as it suggests
that aneurysms in this location is particularly prone to rupture when their SR is high.
Distally located aneurysms, such as those in the DACA and Acom, tend to have smaller
parent vessels and decreased wall thickness. Both factors contribute to the increased
vulnerability of these aneurysms to rupture, despite their smaller size compared to 1As

located more proximally to the circle of Willis.

We also found when available that comparing 2D CTA imaging to 3D DSA imaging that
our measurements were closely related and still gave an accurate estimation of SR.
With CTA having SR difference compared to DSA of only £0.05. Image 1 and 2 shows a

comparison in parent vessel and size measurement on the same IA.

Image 1: DSA Pcom IA Image 2: CTA Pcom [A
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Mirror Aneurysms
Our study of mirror aneurysms, which are bilateral aneurysms occurring at

corresponding locations on opposite sides of the brain, provided a unique opportunity to
analyze IA morphology while controlling for various clinical confounders such as
smoking, hypertension and family history of subarachnoid hemorrhage. By comparing
mirror IAs we can more accurately isolate and evaluate the morphological factors that
contribute to IA rupture risk. The paired nature of mirror IAs means that each patient
serves as their own control, thus minimizing the influence of genetic and environmental

factors that can confound the results in studies of non-mirror IAs.

In our study we had 11(7.3%) mirror |As. The differences in size and SR between
ruptured and unruptured IAs were more pronounced in mirror aneurysms compared to
non-mirror aneurysms. This highlights the utility of these morphological metrics in
distinguishing rupture risk within this unique subset of IAs. Ruptured mirror IAs were
found to be significantly larger than their unruptured counterparts. The SR was also
markedly higher in ruptured mirror IAs. DACA |IAs showed the biggest difference (4.95)
in SR for ruptured and unruptured IAs. This reinforces the general understanding that
larger 1As have a higher likelihood of rupture. However, the controlled nature of the
mirror |A comparison strengthens the confidence in this finding by reducing variability
due to patient-specific factors. The most common locations for mirror I1As in our study
population were MCA (36%), ICA; Pcom and DACA had 2 each (18%), with 1 (9%) PCA
IA.

The use of SR in mirror aneurysms provides a clearer understanding of its predictive
value by controlling for variations in parent vessel diameter that can occur between
different patients. The methodological advantages of studying mirror IAs highlight the
need for further research in this area. Future studies should continue to leverage the
paired nature of mirror IAs to explore additional morphological and haemodynamic

factors that contribute to |A rupture.
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Influence of Size Ratio on Modified Fisher Grading
The SR of IAs and the MFS are critical criteria in the treatment and prognosis of

aneurysmal SAH. While SR focuses on the structural and haemodynamic
characteristics of aneurysms, MFS evaluates the amount and severity of hemorrhage as
observed on CT brain imaging. Understanding the possible effect of SR on MFS can

help us anticipate clinical outcomes and guide treatment plans.

We discovered an association between very high SR and high MFS, which is nearly
always found with ruptured |As, but this did not achieve significance (p=0.08). A high SR
suggests an increased chance of extensive hemorrhage, which lead to an increase in
the MFS. When a high SR |IA ruptures, the bleeding is frequently more severe because
a larger IA releases a higher amount of blood. This significant bleeding has a direct

influence on the MFS.

In clinical practice, the link between SR and MFS highlights SR's relevance as a
predictor of both rupture risk and severity of effects. A high SR suggests an increased
chance of serious hemorrhage, which might lead to an increase in MFS. This
association is important for patient care because it helps to predict the severity of SAH
and plan for probable consequences such as vasospasm, rebleeding and increased

intracranial pressure.

As a result, SR not only helps to forecast the likelihood of IA rupture risk, but it also has
an indirect impact on the MFS by assessing the degree of hemorrhage. By including SR
in pre-rupture examinations, we can predict high-risk |As that, if ruptured, could cause
substantial hemorrhage. A proactive strategy allows for prompt interventions, such as
endovascular or surgical therapies to avoid rupture and reduce the degree of
hemorrhage. This categorization is critical for personalizing treatment regimens to
individual patients' requirements, ensuring that those at higher risk get rigorous

monitoring and appropriate therapeutic measures.
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Correlation Between Size Ratio (SR) and WFNS in Intracranial Aneurysms
The correlation between SR of 1As and the WFNS grading system is a critical area of

study in neurovascular research. Understanding this relationship can enhance
predictive models for patient outcomes, improve clinical decision-making. This however

failed to reach clinical significance in our study (p=0.14).

Parent Vessel Size
We found in our study that ICA and Pcom IAs parent vessel size showed a statistically

significant difference between ruptured and unruptured IAs groups (p<0.05) and this
indicates that smaller parent vessels are associated with a higher risk of rupture
especially in these locations. This also implies that the haemodynamic forces in smaller
vessels create conditions more conducive to IA rupture. The trend in our study where
unruptured IAs have larger parent vessels across most locations might still be relevant,
even if not statistically significant and indicates a potential protective effect of larger
vessels. Smaller parent vessels lead to higher blood flow velocities and shear stress,
contributing to IA formation and rupture. Additional research is needed to completely

understand the processes and enhance clinical recommendations for treating IAs.
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Comparison with Previous Studies
A comparison with previous studies and our own shows the reliability of SR as a

predictive tool and links our findings within the broader context of |A research and our

understanding of the complex pathophysiology.

Research by Dhar et al. (2008) defined SR as an important predictor of rupture risk,
revealing that IAs with higher SR values ruptured considerably more frequently than
those with lower SR values(7). Our data confirmed this link, highlighting SR's
importance as a key predictor of rupture risk. A systematic meta-analysis was
conducted on the morphological characteristics of ruptured IAs, SR had more
discriminating power than absolute size and haemodynamic parameters(43). Our

findings also support these conclusions.

Computational fluid dynamics (CFD) studies have shown that high SR values are
associated with adverse and biomechanical modeling, such as increased oscillatory
shear index (OSI) and reduced wall shear stress (WSS), both are implicated in IA
instability(38). Our study supports these observations by linking higher SR values with
increased rupture risk, reinforcing the importance of incorporating haemodynamic

considerations into risk assessment and not only size.

Studies by Weir et al. (2002)(46) emphasized the need for improved risk stratification
tools beyond absolute size. Our findings suggest that SR can provide a more accurate
assessment of rupture risk and allowing for more individual management strategies for
IAs.

Consistent with earlier research our results improve our understanding of
haemodynamic and biomechanical factors, showing the significance of SR as a critical
parameter in clinical risk assessment and the management of patients with 1As. With
consistent measurement procedures in 2D imaging and including SR into routine
therapy has the potential to enhance patient outcomes and guide decisions in treatment

of IAs in our patient population.
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Limitations of the Study
Despite our study’s findings that are in keeping with results found in similar studies,

there were certain limitations in our study. These limitations underline the importance of
exercising caution when interpreting our findings and provide opportunities for further

investigation to minimize these limitations.

Our study is retrospective and this increases selection bias by relying on previously
recorded data retrieved from medical records, which did not include all of our required
data. This dependence on pre-existing records may result in the inclusion of patients
who may not accurately represent the general community of people with 1As in our
population. Incomplete data entries or missing records impacted the accuracy of our

analysis and the final conclusions drawn from it.

CTA imaging is operator-dependent and the quality of the phase of images produced
might differ depending on the radiographer's level of experience. We collected CTA
scans produced by several radiographers, which may have compromised the

consistency and quality of the imaging data.

CMJAH and CHBAH are major referral centers for patients with 1As. Our study
population was drawn from patients treated in these two institutions, which may not be
fully representative of the entire population. Some patients initially presented at other
hospitals where their initial CTA imaging was performed. Due to the lack of a centralized
data system for imaging data, obtaining these initial angiographic images were

challenging, leading to the exclusion of some of these patients from our study.

There is a theoretical concern that the rupture of an IA itself may alter the size of the IA
and the measurement of SR in ruptured |As is less accurate. Recent studies proved that
rupture affects IA size and alter IA morphology. Thus, careful consideration is needed

when interpreting measurements of ruptured IAs, especially in retrospective studies(47).

Mechanical, metabolic, and imaging-related variables can all cause variations in size
following an IA rupture. Mechanical factors, such as blood pressure variations, might
damage the aneurysm wall, potentially resulting in additional growth. Furthermore, post-

rupture blood leaking can cause pseudoaneurysm development, which makes the
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aneurysm look bigger on imaging. Morphologically, burst aneurysms frequently become
irregular, with subsequent sacs that change their structure. Imaging problems, such as
the presence of clots or surrounding oedema, might mislead readings, and leaking can
occasionally reduce aneurysm size(48). These post-rupture modifications confound
rupture risk assessment. Hence, pre-rupture imaging is critical for accurate

comparisons.

Comparing groups of ruptured and unruptured |As has intrinsic limitations. Previous
studies argue that these two groups differ in more ways than just rupture status, with
aneurysm form, patient demographics and underlying health issues all influencing
comparability. An important drawback in cross-cohort research is the retrospective
nature of ruptured IA data, which is sometimes acquired after the aneurysm has
changed form or size as a result of the rupture event itself. This alteration presents
possible bias since ruptured IAs may display traits that were not present pre-
rupture(49).

Another problem is selection bias among patient groups. Unruptured |As are frequently
detected in patients receiving imaging for various reasons, resulting in a cohort that may
differ significantly in terms of medical condition or genetics from individuals with
ruptured IAs(17). These differences influence the interpretation of risk indicators such
as the SR, which can seem as a predictor of rupture in retrospective studies but may
not consistently signal rupture risk in an unruptured group. Furthermore, in cross-
sectional investigations, characteristics linked with rupture risk (e.g., size or irregular
form) are frequently found after rupture, indicating that they do not necessarily predict

rupture but are associated with it(49).

Finally, it is important to recognize that the rupture risk of 1As is multifactorial. Biological
and environmental factors such as smoking, hypertension, sex and age play significant
roles in the pathological process of IAs. The goal of our study was to examine variations
in SR and haemodynamics, rather than these broader factors. While understanding SR
provides valuable insights, it is crucial to consider it in conjunction with other clinical and

morphological factors to obtain a comprehensive risk assessment for patients with IAs.
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Future Directions
To address our limitations and build on our findings, future research should focus on:

Prospective Studies: A prospective cohort study would be excellent for establishing SR
as a reliable predictor of aneurysm rupture. This study method would include tracking a
large cohort of patients with unruptured IAs over time, monitoring SR and other
pertinent parameters without intervention and assessing the actual rupture rate.
Researchers might demonstrate that there is a link and quantify the prediction potential
of SR by comparing the SR of ruptured IAs to those that did not rupture. To obtain
accurate results, such research would require a large sample size, a lengthy follow-up
time and standardized SR measurement procedures. Prospective studies reduce the
biases inherent in retrospective designs and enable for reliable assessment of SR as an
independent predictor. Which results to greater evidence for clinical decision-making for

aneurysm management.

Standardization: Measurement procedures for SR are being developed across many
imaging modalities and institutions in order to reduce variability and improve clinical
practice consistency. A more standardized methodology will result in better and more

accurate predictions of rupture risk in 1As.

Comprehensive Risk Models: Combining SR with other clinical, biological, and
environmental parameters, such as the PHASES(43) risk model, improves the accuracy

of rupture risk prediction in IAs, taking multiple factors into the equation.

Advanced Imaging Techniques: The use of regularly available imaging modalities such
as CTA with CFD and now with artificial intelligence imaging technologies, could allow
us to investigate the haemodynamic forces associated with high SR values and how
they impact |A stability.

Current Challenges
Even with great progress in our knowledge, diagnosis and management of 1As, we still

have a number of obstacles that need to be overcome now and in the future.
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One of the biggest clinical challenges continues to be the identification and surveillance
of unruptured IAs. While existing imaging modalities like MRA and CTA offer
comprehensive anatomical information, they are not very good at predicting high risk
IAs. It is crucial in predicting those with high risk of rupture in order the prevent the high
morbidity and mortality associated with SAH when rupture does occur. Present risk
assessment instruments take size and location into account, however these elements
by themselves fall short of capturing the intricate dynamics of IA development.
Predictive accuracy may be improved by integrating genetic markers, haemodynamic
data and cutting-edge imaging methods. Machine learning algorithms may be used to

analyze picture data and enhance predictive models.

There is ongoing debate on the best options to manage unruptured IAs. It can be
difficult to strike a balance between the dangers of intervention, such as endovascular
coiling or surgical clipping and the possible consequences of managing unruptured |As
conservatively. We require more individualized strategies that take risk profiles and

patient specific characteristics into account.

Despite revolutionizing the therapy of IAs, endovascular procedures like coiling and flow
diversion are not without risk. The possibility of complications such as coil migration and
thromboembolism make it necessary to continuously improve the methods and tools

used in treating IAs.

Despite progress in comprehending the genetic and molecular foundation of 1A
development, it is still difficult to use these discoveries in clinical settings. Research is
now being conducted to identify certain biomarkers and treatment targets that might

stabilize IA walls and avoid rupture.

It will be essential to transition to personalized medical techniques that take into account

each patient's unique genetic makeup, environmental circumstances and demography.
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Conclusion

Revolutionizing Aneurysm Treatment with Size Ratio
Imagine anticipating a storm using cutting-edge weather radar, which is considerably

superior than traditional approaches. That is what SR provides for |As, greatly boosting
forecasts of rupture. SR of 2 as an indicator to predict rupture risk, had a sensitivity of

98.4%; a specificity of 78.3%. SR also showed a high positive prediction value (PPV) of
92.5% and a negative prediction value (NPV) of 94.7%. Recent research suggests that
utilizing SR can revolutionize |IA therapy. SR focuses on the aneurysm's size relative to

the parent vessel, offering a more accurate risk estimate than merely assessing size.

Incorporating SR into medical practice provides clinicians with a useful tool for tailoring
therapies to individual patients. For SR to become a routine practice, collaboration
among academics, clinicians and technology specialists is critical to ensuring SR's
trustworthiness by a large-scale prospective study. This innovation isn't simply a modest
improvement, it is a stride towards personalized medicine, where medicines are

custom-fit to each individual's particular neurological composition.
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Appendices:

Appendix A: Data collection sheet

Patient Number | 1

Age

Gender M

WFNS SAH 1 2 3 4

Score

Ruptured/ RIA UIA
Unruptured

Aneurysm

Modified 1 2 3 4
Fischer SAH
Grade

Single/ Multiple | S M

Aneurysm

Aneurysm Site

Aneurysm Size
(i.e.length)

(mm)

Parent Vessel

size (mm)

Size ratio

Additional

comments




Appendix B: Summary of Variables Captured

Patient 1

number

Ruptured IA

Unruptured IA

Size ratio

IA site

WFNS score

Modified Fisher score

Sex

Age

Appendix C: Modified Fisher Score (50)

Modified Fischer Score

CT Scan Findings

Risk of DCI (%)

0 No SAH or IVH 0
1 Thin SAH, No IVH 6
2 Thin SAH, IVH 15
3 Dense SAH, No IVH 35
4 Dense SAH, IVH 34

DCI: Delayed cerebral ischemia
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Appendix D: WFNS SAH Score (51)

Grade GCS Motor Deficit

1 15 Absent

2 13-14 Absent

3 13-14 Present

4 7-12 Absent/Present
5 3-6 Absent/Present
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