Khaled Ahmed Lakouz et. al
Intracranial Aneurysms Types, How to Differentiate Stable from Unstable Ones and When to
Intervene?

Intracranial Aneurysms Types, How to Differentiate Stable from
Unstable Ones and When to Intervene?

Khaled Ahmed Lakouz ', Ayman Fathy Zeid ’ Dalia Salah El Deen Anwar ), Nadin Mohamed
Ali Fahmy Zanaty"

1 Department of Radiodiagnosis, Faculty of Medicine, Zagazig University, Egypt

Corresponding author: Nadin Mohamed Ali Fahmy Zanaty
E-mail: nadinzanaty@gmail.com, nadinzanati@medicine.zu.edu.cg

Conflict of interest: None declared

Funding: No funding sources

Abstract

Background: Intracranial aneurysms (IA) are often asymptomatic and have a prevalence of 3
to 5% in the adult population. The risk of IA rupture is low, however when it occurs half of the
patients dies from subarachnoid hemorrhage (SAH). To avoid this fatal evolution, the main
treatment is an invasive surgical procedure, which is considered to be at high risk of rupture.
This risk score of 1A rupture is evaluated mainly according to its size and location. Therefore,
angiography and anatomic imaging of the intracranial aneurysm are crucial for its diagnosis.
Moreover, it has become obvious in recent years that several other factors are implied in this
complication, such as the blood flow complexity or inflammation. These recent findings lead
to the development of new IA imaging tools such as vessel wall imaging which gives very useful
additional information about the characters of the aneurysms and their stability.
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Introduction:

Aneurysms of the cerebral vasculature are relatively common. A recent systematic review collecting
data from many countries reported a prevalence of 0.4% and 3.6% in retrospective and prospective
autopsy studies, respectively, and 3.7% and 6.0% in retrospective and prospective angiographic
studies, respectively (1). The angiographic studies likely overestimate the true prevalence due to a
selection bias, whereas the retrospective autopsy studies likely underestimate the true prevalence due
to an inability to review the original material. Eighty-five percent of saccular aneurysms of the cerebral
vasculature occur in the circle of Willis (2). Multiple aneurysms are seen in 30% of patients. Most are
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small and asymptomatic, but each year, approximately 30,000 people in the United States suffer a

rupture, peaking in the sixth decade.

Unruptured intracranial aneurysms occur in 4% of adults, usually remaining silent unless rupture
occurs.(3) Determining individual criteria for predicting instability is important for therapeutic
decision making.(4-6 )Histopathologic evidence from human and animal studies has lent support to
the concept that inflammation plays a major role in aneurysm formation, growth, and rupture.(7) To
target in vivo inflaimmation of the aneurysm wall, some authors proposed ultrasmall
superparamagnetic particles of iron oxide (ferumoxytol) as a contrast agent for MRI. They
demonstrated that circumferential uptake in aneurysm walls obtained 24 to 72 hours after infusion
was highly predictive of rupture within 6 months. (8) Using 3T gadolinium-enhanced vessel wall MRI
(VW-MRI), a preliminary report also described circumferential aneurysmal wall enhancement
(CAWE) on 5 ruptured aneurysms.
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|
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Figure (1) Circle of willis showing saccular aneurysm in the Anterior communicating artery

RISK FACTORS:

There are many risk factors for the development of intracranial aneurysms, both inherited and
acquired. Females are more prone to aneurysm rupture, with SAH 1.6 times more common in women.
The prevalence of aneurysms is increased in certain genetic diseases; the classic example is autosomal
dominant polycystic kidney disease (ADPKD), but other diseases such as Ehlers-Danlos syndrome,
neurofibromatosis, and al- antitrypsin deficiency also demonstrate a link. In ADPKD, 10% to 15%
of patients develop intracranial aneurysms. Marfan's Syndrome was once thought to be linked to
intracranial aneurysm formation, but recent evidence suggests that this may not be true. Aneurysms
also run in families in the absence of an identified genetic disorder, with a prevalence of 7% to 20%
in first or second degree relatives of patients who have suffered a SAH.(9)
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PATHOGENESIS:

There are four main types of intracranial aneurysms: saccular, fusiform, dissecting, and micotic type.
The saccular type accounts for 90% of intracranial aneurysms. Saccular aneurysms are a result of
abberations to the normal arterial structure, which consists of the tunica intima adjacent to the lumen
of the vessel, the tunica media (the muscular middle layer), and the tunica adventitia (the outer layer
composed mainly of connective tissue). The internal elastic lamina delimits the tunica intima from
the tunica media, and the external elastic lamina delimits the tunica media from the tunica adventitia.
Saccular aneurysms occur when there is collagen deficiency in the internal elastic lamina and
breakdown of the tunica media. An outpouching, consisting of only tunica intima and adventitia,
protrudes through the defect in the internal elastic lamina and tunica media to produce the aneurismal
sac (10,11). The impaired integrity of the wall may be due to congenital weakness or absence of the
tunica media or adventitia, degenerative alterations of the internal elastic lamina (from hypertension,
turbulent flow, or atherosclerotic deposits in the wall), or both of these factors combined (11). Low
collagen and elevated plasma elastase has been observed in patients with aneurysms, suggesting that
vascular remodeling involving collagen and elastin plays an important role.

Eighty-five percent of saccular aneurysms arise from the arteries of the circle of Willis. The most
frequent location is the anterior communicating artery (35%), followed by the internal carotid artery
(30%-including the carotid artery itself, the posterior communicating artery, and the ophthalmic
artery), the middle cerebral artery (22%), and finally, the posterior circulation sites, most commonly
the basilar artery tip. See Figure 1 for a scheme of the circle of Willis. Multiple aneurysms are found
in approximately 30% of patients (11).

CLINICAL PRESENTATION:

The symptoms of SAH result from blood spilling into the cerebrospinal fluid (CSF) and the
subsequent increased intracranial pressure and breakdown of blood products. Characteristic symptoms
include: "the worst headache of my life," nausea and vomiting, loss of consciousness, neck stiffness,
and seizures (12,13). The clinical manifestations of unruptured aneurysms, however, are much more
subtle. Only 10-15% of intracranial aneurysms are symptomatic (14, 15), with the majority being
identified incidentally during evaluation for other conditions. When present, the symptoms are
primarily due to the mass effect of a large aneurysm, or possibly from minimal leakage of blood which
irritates the meninges, though not enough to be classified as a hemorrhage. These symptoms include
headache, unilateral third cranial nerve palsy (from a posterior communicating artery aneurysm),
bilateral temporal hemianopsia (from an anterior communication artery aneurysm impinging on the
optic chiasm) ischemic cerebrovascular disease, poorly defined spells, and seizures (16). These
symptoms may be a warning sign of an impending rupture, as 10% to 43% of patients with SAH
report experiencing a sentinel headache in the 2 months preceding the rupture (17)

DIAGNOSIS AND IMAGING FINDINGS:

There are currently three imaging modalities widely used in the diagnosis of intracranial aneurysms:
intraarterial digital subtraction angiography (IADSA), computed tomography angiography (CTA) and
magnetic resonance angiography (MRA). IADSA is similar to conventional angiography in that a
catheter is advanced in the arterial system to the point of interest, and radio-opaque contrast material
is injected while images are acquired. The contrast fills the lumen of the arteries; thus, the vessel
anatomy is visualized on the image. In conventional angiography, serial x-ray films are captured, while
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in IADSA, serial digital images are obtained and stored on a computer. An initial image acquired

before contrast injection is subtracted from the post-contrast images. The resultant image displays dark
vessels against a blank background . This technique allows greater contrast resolution (the areas with
contrast are more obvious), but decreased spatial resolution (because digitally acquired images have a
lower resolution than films) when compared with conventional angiography. CTA is another
technique of vascular imaging which involves obtaining a normal CT scan while intravenous contrast
material is injected. The contrast material is radio-opaque, so it appears white on the CT image. The
serial axial slices enhanced with contrast are analyzed by a computer program that forms a three-
dimensional reconstruction of the vascular anatomy. The resultant image is a dynamic model that can
be rotated in order to view the image from multiple perspectives. (18)

Similar to CTA, MRA is a technique which uses serial axial MRI images to form a three-dimensional
representation of the vascular anatomy. Unlike CTA, however, MRA does not require the use of
intravenous contrast material. This is because the signal obtained in magnetic resonance imaging
depends on the magnetic properties of the area being imaged. A magnetic pulse aligns all the protons
in a certain area and measuring the amount of time necessary for those protons to return to their pre-
magnetization state generates the signal which produces the MR image. With a moving substance such
as blood, the protons are aligned during the magnetic pulse, but by the time the signal is collected, the
aligned protons have moved out of the area which is being imaged, and new 'non-magnetized' protons
have taken their place. Because these new protons have not been magnetized, a signal is not generated
and the blood vessel lumen appears as a 'signal void' on the image (this is an oversimplified
explanation). The lack of signal distinguishes the vessels from the surroundings. In some cases, a
gadolinium contrast material may be used to provide better imaging of the vessels. The advantage of
MRA is that it can be used in patients who cannot tolerate the iodine based contrast used in JADSA
and CTA, such as patients with allergic reactions or with renal failure. The gold standard for diagnosis
of intracranial aneurysms is currently IADSA, but a diagnosis can also be provided by CTA and MRA.
The contrast provided during IADSA causes the aneurysm to appear on fluoroscopy as a radio opaque,
smooth margined, saccular out-pouching of the cerebral vasculature.(19)

Vessel wall imaging (VWI) has recently emerged as a promising diagnostic tool to image intracranial
vessel wall inflammation through MRI. This technique, also known as black blood MRI, provides
only signals from the vessel wall thanks to the suppression of both blood and cerebrospinal fluid signal
(CSF). The acquisition of VWI demands high resolution, therefore a 3T or higher magnet strength is
required. Briefly, VWI generally consist in T1-weighted pre- and post- contrast sequences along with
blood and CSF suppression obtained with a 3D turbo spin-echo sequence with variable flip angle
refocusing pulses (20). Thanks to blood signal suppression, VW1 has been used to study aneurysm
wall structure, thickness and wall enhancement. Aneurysm wall enhancement (AWE) is mainly
qualitatively assessed and can be classified as focal or circumferential. Radiohistological correlation
studies revealed that focal AWE (FAWE) is associated with fresh intraluminal thrombus at the rupture
site (21). This finding can provide useful information for the surgical treatment of ruptured IA before
treating the patient by microsurgical clipping or endovascular coiling. FAWE can also be observed in
unruptured IA and colocalized with hemodynamic factors in favor to a higher rupture risk (22).
Moreover, FAWE is observed in areas of morphological changes in the IA vessel wall, supporting the

hypothesis that FAWE could be a marker of instability (22). On the other hand, circumferential AWE
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(CAWE) is thought to be due to wall thickening with abundant inflammatory cell infiltration and

neovascularization (23). In cases of subarachnoid hemorrhage and multiple aneurysms, several criteria
are used to determine which one underwent rupture (i.e. hemorrhage localization, IA size, location,
shape, aspect ratio). As vessel wall inflammation is a risk factor of IA rupture, AWE is nearly always
observed in ruptured IAs (24). Along with this observation, some studies performed on patients
presenting multiple IAs, demonstrated that VWI can identify the ruptured IA which is characterized
by a thick vessel wall enhancement (25,26). Thus, VWI can be a useful diagnostic tool in identifying
ruptured IA and its site of rupture (25).

Different observations support that arterial wall enhancement can be used as an indirect marker of
vessel wall inflammation, and therefore as a potential marker of aneurysm instability. First, mural
artery contrast uptake was described in intracranial vessel wall inflammation, eg, in active cerebral
inflammatory vasculitis (27) and is thought to be linked to vasa vasorum density. This is of major
interest, because increase of density of vasa vasorum was also associated with morphological
modification and rupture risk of intracranial aneurysms (27).

Figure (2) Small unruptured aneurysms of the middle cerebral and basilar arteries. This case points to the
importance of close inspection of high-resolution, thin section axial T2weighted scans for detection of small
aneurysms, and the critical role that TOF MRA plays both for detection and in depiction of brain
aneurysms. The latter scan technique has markedly improved in recent years with routine imaging ar 3 T
and attention to setup (spatial resolution). In this instance, although the right MCA aneurysm is easily
visualized (black arrow), as a flow void, on the axial screening T2weighted exam, that involving the distal
basilar artery (white arrow) is more subtle.. Frontal views from the DSA exam are presented for
comparison, with both aneurysms subsequently coiled. (27)

Tob Regul Sci. ™ 2023 ;9(1) : 6859-6865 6863



Khaled Ahmed Lakouz et. al

Intracranial Aneurysms Types, How to Differentiate Stable from Unstable Ones and When to
Intervene?

Funding: The funding is received from Egypt

References:

(1]

Rinkel GJ, Djibuti M, Algra A, et al. Prevalence and risk of rupture of intracranial aneurysms: a systematic
review. Stroke 1998; 29: 251-6.

Gasparotti R, Liserre R. Intracranial aneurysms. Eur Radiol 2005; 15: 441-7

Wiebers DO, Whisnant JP, Huston ] III, Meissner I, Brown RD ]Jr, Piepgras DG, et al. Unruptured
intracranial aneurysms: natural history, clinical outcome, and risks of surgical and endovascular treatment.
Lancet. 2003;362:103-110.

aggara ON, Lecler A, Oppenheim C, Meder JF, Raymond J. Endovascular treatment of intracranial
unruptured aneurysms: a systematic review of the literature on safety with emphasis on subgroup analyses.
Radiology. 2012;263:828-835.

Greving JP, Wermer M], Brown RD Jr, Morita A, Juvela S, Yonekura M, et al. Development of the
PHASES score for prediction of risk of rupture of intracranial aneurysms: a pooled analysis of six
prospective cohort studies. Lancet Neurol. 2014;13:59-66.

Naggara O, Darsaut T, Trystram D, Tselikas L, Raymond J. Unruptured intracranial aneurysms: why we
must not perpetuate the impasse for another 25 years. Lancet Neurol. 2014;13:537-538.

Chalouhi N, Hoh BL, Hasan D. Review of cerebral aneurysm formation, growth, and rupture. Stroke.
2013;44:3613-3622.

Hasan D, Chalouhi N, Jabbour P, Dumont AS, Kung DK, Magnotta VA, et al. Early change in
ferumoxytol-enhanced magnetic resonance imaging signal suggests unstable human cerebral aneurysm: a
pilot study. Stroke. 2012;43:3258-3265

Wardlaw JM, White PM. The detection and management of unruptured intracranial aneurysms. Brain
2000; 123: 205-21

Austin G, Fisher S, Dickson D, et al. The significance of the extracellular matrix in intracranial aneurysms.
Ann Clin Lab Sci 1993; 23: 97-105.

Stehbens WE, Delahunt B, Hilless AD. Early berry aneurysm formation in Marfan's syndrome. Surg
Neurol 1989; 31: 200-2.

Liebenberg WA, Worth R, Firth GB, et al. Aneurysmal subarachnoid haemorrhage: guidance in making
the correct diagnosis Postgrad Med ] 2005; 81: 470-3.

Gorelick PB, Hier DB, Caplan LR, et al. Headache in acute cerebrovascular disease. Neurology 1986; 36:
1445-50.

Jager R, Saunders D, Murray A. Cranial and intracranial pathology (2): cerebrovascular disease and
nontraumatic intracranial hemorrhage. In: Grainger R, Allison D, Adam A, Dixon A. Diagnostic
Radiology: A Textbook of Medical Imaging, 4th ed. London, England: Harcourt Publishers Limited; 2001.
Leffers AM, Wagner A. Neurologic complications of cerebral angiography. A retrospective study of
complication rate and patient risk factors. Acta Radiol 2000; 41: 204-10.

Waugh JR, Sacharias N. Arteriographic complications in the DSA era. Radiology 1992; 182: 243-6.
Polmear A. Sentinel headaches in aneurysmal subarachnoid haemorrhage: what is the true incidence? A
systematic review. Cephalalgia 2003; 23: 935-41.

Alexander Keeedy, An overview of intracranial aneurysm, MJM 2006 9(2):141-146

Tob Regul Sci. ™ 2023 ;9(1) : 6859-6865 6864



Khaled Ahmed Lakouz et. al
Intracranial Aneurysms Types, How to Differentiate Stable from Unstable Ones and When to
Intervene?

[19]

[20]

[21]

[22]

[23]

Novelline R. The Central Nervous System. In: Novelline R. Squire's Fundamentals of Radiology, 5th ed.
Cambridge, MA: Harvard University Press; 1997.

Leao DJ, Agarwal A, Mohan S, Bathla G. Intracranial vessel wall imaging: applications, interpretation, and
pitfalls. Clin Radiol. (2020) 75:730- 9. doi: 10.1016/j.crad.2020.02.006

Matsushige T, Shimonaga K, Mizoue T, Hosogai M, Hashimoto Y, Kaneko M, et al. Focal aneurysm wall
enhancement on magnetic resonance imaging indicates intraluminal thrombus and the rupture point.
World Neurosurg. (2019) 127:¢578-84. doi: 10.1016/j.wneu.2019.03.209

Larsen N, Flith C, Saalfeld S, Vo8 S, Hille G, Trick D, et al. Multimodal validation of focal enhancement
in intracranial aneurysms as a surrogate marker for aneurysm instability. Neuroradiology. (2020) 62:1627—
35. doi: 10.1007/s00234-020-02498-6

Shimonaga K, Matsushige T, Ishii D, Sakamoto S, Hosogai M, Kawasumi T, et al. Clinicopathological
insights from vessel wall imaging of unruptured intracranial aneurysms. Stroke. (2018) 49:2516-9. doi:
10.1161/STROKEAHA.118.021819

Wang X, Zhu C, Leng Y, Degnan AJ, Lu J. Intracranial aneurysm wall enhancement associated with
aneurysm rupture: a systematic review and meta-analysis. Acad Radiol. (2019) 26:664-73. doi:
10.1016/j.acra.2018.05.005

Matouk CC, Mandell DM, Giinel M, Bulsara KR, Malhotra A, Hebert R, et al. Vessel wall magnetic
resonance imaging identifies the site of rupture in patients with multiple intracranial aneurysms: proof of
principle. Neurosurgery. (2013) 72:492—6. doi: 10.1227/NEU.0b013e31827d1012

Kondo R, Yamaki T, Mouri W, Sato S, Saito S, Nagahata M, et al. Magnetic resonance vessel wall imaging
reveals rupture site in subarachnoid hemorrhage with multiple cerebral aneurysms. No Shinkei Geka.
(2014) 42:1147-50

Myriam Edjlali, MD et al, Does Aneurysmal Wall Enhancement on Vessel Wall MRI Help to Distinguish
Stable From Unstable Intracranial Aneurysms? (Stroke. 2014;45:3704-3706.)

Tob Regul Sci. ™ 2023 ;9(1) : 6859-6865 6865



