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ABSTRACT

Introduction. The prevalence of intracranial aneurysms is estimated to be around 3% in the general population. Although
these are often incidental findings, they potentially carry the risk of rupture, with all of the devastating consequences of SAH.

State of the art. Several risk factors of aneurysm rupture have been identified, including aneurysm size, irregular shape, and
location. Although it is widely accepted that the risk of rupture increases with size, small aneurysms remain the cause of a sig-
nificant percentage of aneurysmal SAH. Up to 30% of patients with acute aneurysmal SAH have multiple aneurysms. Determi-
ning the site of rupture in these patients can be challenging, given that the results of imaging studies and clinical symptoms
are sometimes inconclusive. It would be extremely useful to identify new imaging biomarkers of aneurysm instability which
could have an impact on patient management and qualification for treatment. High-resolution vessel wall magnetic resonance
imaging (HR-VW MRI) opens up new possibilities for improved characterisation of intracranial vasculature. One of the most
promising clinical applications of this new imaging tool is the evaluation of intracranial aneurysms.

Clinical implications. Aneurysm wall enhancement (AWE) on HR-VW MRl is believed to be a marker for wall inflammation and,
potentially, for aneurysm instability. In this article, we summarise the published literature on AWE with special emphasis on
its use in determining the site of rupture in the setting of acute SAH in patients with multiple aneurysms, as well as its role in
identifying unruptured aneurysms which are at the greatest risk of rupture.

Future directions. More and larger studies are needed to definitively establish the role of AWE on HR-VW MRI in the diagnostic
workup of patients with intracranial aneurysms.
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magnetic resonance imaging
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Introduction

The prevalence of intracranial aneurysms is estimated to
be around 3% of the general population [1]. With the number
of imaging studies, and their availability, constantly increasing,
so the number of newly diagnosed cases grows. Although these
are often incidental findings, they potentially carry the risk
of rupture, with all of the devastating consequences of SAH.
Several risk factors of aneurysm rupture have been identified,
including aneurysm size, irregular shape, and location [2, 3].

Itis generally accepted that the risk of rupture increases with
size. However, small aneurysms remain the cause of a significant
percentage of aneurysmal SAH [4]. Up to 30% of patients with
acute aneurysmal SAH have multiple intracranial aneurysms
[5, 6]. Correct identification of a ruptured aneurysm in this
condition is crucial for treatment planning. The diagnosis is
mainly based on clinical symptoms plus noninvasive imaging
studies such as CT and CTA [7, 8]. However, determining the
site of rupture in these patients is sometimes challenging [9]. It
would be extremely useful to identify new imaging biomarkers
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Figure 1. A. Time-of-flight (TOF) MR angiography (MRA) of a healthy volunteer. B. Corresponding minimum intensity projection (MinIP) recon-
struction of precontrast HR-VW MRI demonstrating circle of Willis. Source: Department of Diagnostic Imaging and Interventional Radiology,

Pomeranian Medical University

of aneurysm instability which could have an impact on patient
management and qualification for treatment.

High-resolution vessel wall magnetic resonance imaging
(HR-VW MRI) opens up new possibilities for improved char-
acterisation of intracranial vasculature [10]. It complements
the vascular imaging techniques available thus far, and allows
us to see beyond the vessel lumen. Vessel wall thickening and
enhancement represent the key imaging findings that can be
identified by radiologists on HR-VW MRI. This novel imag-
ing tool is based on the acquisition of high spatial resolution
images with flowing blood signal suppression. The acquisition
of isotropic (0.4-0.7 mm voxel size range) 3D sequences,
with subsequent multiplanar reconstructions, is the most
commonly used approach. Due to the technical demands of
HR-VW MR, a high-field (at least 3T) MRI scanner is nec-
essary for optimal image quality. An MRI protocol consisting
of time-of-flight angiography, high-resolution 3D pre- and
postcontrast T1-weighted fast spin-echo images covering the
circle of Willis and its proximal branches, can be performed
in less than 30 minutes (Fig. 1).

With the ever-increasing availability of high-field MRI
scanners, HR-VW MRI is moving from research laboratories
into clinical practice. One of the most promising clinical ap-
plications of this imaging tool is the evaluation of intracranial
aneurysms. In this review, we present the results of published
studies regarding the use of HR-VW MRI for the evaluation
of both ruptured and unruptured aneurysms.

State of the art

Matouk et al. first described their experience with HR-
VW MRI in the setting of acute aneurysmal SAH [11]. The
authors hypothesised that a ruptured aneurysm might show
wall enhancement on HR-VW MRI. Aneurysm wall enhance-
ment (AWE) was found in all five investigated cases. This
small case series also demonstrated the potential of HR-VWI
MRI in determining the site of rupture in patients harbouring

multiple aneurysms. In three such patients, wall enhancement
was limited to the ruptured aneurysm only. The authors sug-
gested, based on the results of previous histological analysis
of ruptured and unruptured aneurysms, that an inflammatory
process, along with physical disruption of the vessel wall, might
be responsible for AWE.

Larger studies have shown that wall enhancement is
a frequent imaging feature of ruptured aneurysms [12-17].
Researchers from Japan detected strong and faint wall en-
hancement in 73.8% and 24.6% of 61 ruptured aneurysms,
respectively [12]. Of 61 patients with SAH included in this
study, 11 were diagnosed with multiple aneurysms: in all
of them, the site of rupture was confirmed intraoperatively.
Interestingly, in 15 patients wall enhancement was limited to
the bleed or apex of the ruptured aneurysm. Overall, the sen-
sitivity and specificity of AWE for the detection of a ruptured
aneurysm was 98.4% and 81.9%, respectively.

Data from the literature shows that HR-VW MRI can
indicate the most probable rupture site in patients with both
multiple aneurysms and SAH in situations when other imag-
ing findings (e.g. pattern of SAH, aneurysm size, morphol-
ogy) are inconclusive. Kondo et al. published a case report
of a 68-year-old woman who presented with SAH and was
diagnosed with two intracranial aneurysms [18]. HR-VW
MRI showed strong wall enhancement of a smaller anterior
communicating artery aneurysm and no wall enhancement of
alarger basilar tip aneurysm, which was initially suspected to
be the rupture site. It was confirmed intraoperatively that the
anterior communicating artery aneurysm was the source of
intracranial haemorrhage.

In most of the published series, AWE has been analysed
in a qualitative manner using different grading scales [12, 15,
17]. However, quantitative methods have also been developed
[13, 14]. Omodaka et al. used the wall enhancement index and
the contrast ratio of the circumference aneurysm wall against
the stalk to characterise the imaging findings of 26 SAH pa-
tients with multiple intracranial aneurysms [13]. The authors

www.journals.viamedica.pl/neurologia_neurochirurgia_polska 519



Neurologia i Neurochirurgia Polska 2020, vol. 54, no. 6

demonstrated that stronger AWE on HR-VW MRI is associat-
ed with aneurysm ruptured status, independent of aneurysm
size and patient characteristics. The developed quantitative
methods achieved sensitivity and specificity rates of 100% and
69%, respectively, for the detection of a ruptured aneurysm.
It is worth noting that in approximately one in four patients,
the ruptured aneurysm was not the largest one.

HR-VW MRI has been also investigated in the setting
of SAH with no identifiable haemorrhagic source. Coutinho
et al. performed HR-VW MRI in 11 patients with an angio-
gram-negative non-perimesencephalic SAH [19]. Although
it did not alter the management of the patients, HR-VW MRI
revealed abnormalities in seven cases. They were characterised
as focal and contiguous with the outer margin of the basilar
artery walls in two patients. The authors argued that these im-
aging findings could have represented a thrombosed saccular
aneurysm or a ruptured blood blister aneurysm.

Research is ongoing to prove that wall enhancement on
HR-VW MRI is associated with aneurysm instability, and
the results of already published papers are promising. In one
of the earliest studies in this field, Edjlali et al. investigated
108 aneurysms with HR-VW MRI [15]. The aneurysms were
categorised as either stable (incidental and nonevolving) or
unstable (ruptured, symptomatic, or undergoing morpholog-
ical modification). Wall enhancement was significantly more
frequently observed in unstable than in stable aneurysms, in
87% and 28.5% of cases, respectively. Furthermore, statistical
analysis showed that AWE was the only independent feature
to be related to unstable status. Interestingly, no association
was found between AWE and aneurysm size. This might have
been the result of the heterogeneity of the studied population,
which included both ruptured and unruptured aneurysms.

In contrast to Edjlali et al. [15], the correlation between
AWE and aneurysm size has been frequently reported in
other papers [20-23]. Liu et. al, who analysed 61 unruptured
aneurysms, found wall enhancement in all of the aneurysms
larger than 13 mm, but in only 12% of the aneurysms smaller
than 7 mm [20]. According to Backes et al., aneurysm size is
the strongest determinant of wall enhancement in unruptured
aneurysms [21]. Fu et al. showed that AWE is more common
in symptomatic patients presenting with sentinel headaches
and third nerve palsy [24]. Generally, data from the litera-
ture demonstrates the relationship between AWE and the
established risk factors for aneurysm rupture. The PHASES
(Population, Hypertension, Age, Size, Earlier SAH, Site) score
is a tool developed to predict the 5-year risk of aneurysm
rupture [25]. More than one paper has reported this risk to
be significantly higher in aneurysms with wall enhancement
compared to aneurysms without it [22, 23].

Several other studies have compared ruptured to unrup-
tured aneurysms in terms of wall enhancement on HR-VW
MRI [12, 14-17]. Omodaka et al. noted that although AWE is
a sensitive radiological marker of ruptured aneurysms, its spec-
ificity is quite low, as it is also found in a significant number of

unruptured aneurysms [16]. Therefore, they used quantitative
measures to analyse wall enhancement of 104 aneurysms
(28 ruptured, 76 unruptured) and showed that it is significantly
higher in ruptured than in unruptured aneurysms.

Edjlali et al., in their more recent study including 333 aneu-
rysms (26 ruptured, 307 unruptured), also decided to evaluate
the degree of AWE [17]. They used a four-grade classification
of AWE and showed that a thick circumferential pattern has
the highest specificity for differentiating between stable and
unstable unruptured aneurysms. Overall, wall enhancement
was detected in 88.5% of ruptured, in 71% of unstable unrup-
tured, and in 38.4% of stable unruptured aneurysms.

Recently, Vergouwen et al. published results of the first
longitudinal study investigating AWE, as opposed to previous
studies in this field which were all cross-sectional in design
[26]. Fifty-seven patients with 65 unruptured aneurysms
were followed-up for a median of 27 months. Of 19 aneu-
rysms showing wall enhancement at baseline HR-VW MRI,
two aneurysms ruptured, and two aneurysms demonstrated
growth, during the course of the study. All aneurysms without
wall enhancement were stable at follow-up angiography. This
is to date the only study to have directly shown that AWE on
HR-VW MRI may indicate a higher risk for aneurysm rupture.

Unfortunately, only a few studies including a limited num-
ber of patients with intracranial aneurysms have correlated
HR-VW MRI and histopathological findings [27-32]. In the
study by Larsen et al., aneurysms with strong wall enhance-
ment on HR-VW MRI exhibited inflammatory cell infiltra-
tion, neovascularisation and the presence of vasa vasorum
[29]. None of these histopathological findings were present
in aneurysms without wall enhancement. In a more recent
study of 54 unruptured intracranial aneurysms, the presence
of AWE was also associated with inflammatory infiltration
of the aneurysm wall [30]. The authors stated that a focal,
rather than uniform, pattern of AWE may indicate athero-
sclerotic plaque formation. On the other hand, Matsushige et
al. investigated ruptured aneurysms and suggested that focal
AWE may represent a fresh intraluminal thrombus, whereas
circumferential AWE may indicate neovascularisation and
infiltration of inflammatory cells in the aneurysm wall [32].

Clinical implications

Aneurysm wall enhancement is a common imaging finding
on HR-VW MRI in patients with ruptured intracranial aneu-
rysms [12-17]. In patients with SAH and multiple aneurysms,
AWE on HR-VW MRI can identify the rupture site with high
sensitivity but low specificity [12, 13]. This low specificity is due
to the fact that AWE is also observed in a significant number
of unruptured aneurysms. Thus, caution must be taken when
using this new imaging tool to determine the site of rupture
in patients with SAH and multiple aneurysms. Moreover,
based on our experience, often more than one aneurysm
shows wall enhancement on HR-VW MRI in patients with
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[a]

Figure 2. 54-year-old woman with severe headache of sudden onset. A. Noncontrast head CT reveals diffuse subarachnoid haemorrhage
(arrow) with intraparenchymal haemorrhage in right frontal lobe (asterisk). B. 3D reconstruction of time-of-flight (TOF) MR angiography
(MRA) shows two aneurysms arising at ACoA (arrow) and at bifurcation of right ICA (arrowhead). C, D. TOF MRA and precontrast HR-VW
MRI demonstrating ACoA aneurysm (arrow). E. ACoA aneurysm shows thick wall enhancement on postcontrast HR-VW MRI (arrowheads).
F, G. TOF MRA and precontrast HR-VW MRI demonstrating right ICA aneurysm (arrow). H. Right ICA aneurysm also shows wall enhancement
on postcontrast HR-VW MRI (arrowheads), but to a lesser degree than ACoA aneurysm. Although ACoA aneurysm was deemed to be most
likely site of rupture, both aneurysms were occluded during endovascular coiling (not shown) as they both showed wall enhancement on
HR-VW MRI. Source: Department of Diagnostic Imaging and Interventional Radiology, Pomeranian Medical University

multiple aneurysms, something which further complicates
the therapeutic decision-making process (Fig. 2).

However, the most promising clinical application of HR-
VW MRI in patients with intracranial aneurysms is the iden-
tification of aneurysms which are at greater risk of rupture. In
our view, radiologists and referring clinicians should be aware
of several issues before incorporating this imaging tool into
daily clinical practice [33, 34]. Firstly, we do not really know
if the enhancement we see on HR-VW MR, either circum-
ferential or focal, at the aneurysm periphery is indeed within
its wall. According to histological analysis of intracranial an-
eurysms, their wall may be as thin as 0.02 mm [35], which is

far beyond the spatial resolution of images obtained with 3T,
or even 7T, MRI systems. Furthermore, it was demonstrated
recently in a phantom-based MRI study that a slow flow which
is insufficiently suppressed with currently available techniques,
can mimic AWE on postcontrast HR-VW MRI images [36].
This finding may hold true for in vivo conditions because large
and irregular aneurysms, which are more likely to present with
slow and turbulent flow, show wall enhancement on HR-VW
MRI more frequently [20-23].

In our practice, we have encountered several cases of
aneurysms which were not suitable for coiling and were
treated with stent implantation only and showed strong
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wall enhancement on short-term follow-up HR-VW MRI. It
cannot be excluded that this enhancement might have been
the result of the flow-diversion effect of the implanted device
(Supplementary Fig. 1).

Although the results and conclusions of published studies
are quite encouraging, they need robust critical evaluation.
In some observational studies, a misleading assumption has
been made that AWE is an imaging biomarker of aneurysm
instability in general, based mainly on its high prevalence in
ruptured aneurysms [15, 17]. Without prior imaging studies,
one cannot determine whether or not AWE was present before
the aneurysm rupture. In ruptured aneurysms, it might simply
be a sequel of vessel wall disruption. Furthermore, demon-
strating the association of AWE on HR-VW MRI with larger
aneurysm size or irregular aneurysm shape has no practical
clinical value because these features are already themselves
well-documented risk factors of aneurysm rupture [20-23].

To the best of our knowledge, there is only one prospective
study to have evaluated the natural history of aneurysms with
wall enhancement on HR-VW MRI [26]. However, a signif-
icant limitation of this study was a relatively small sample
size. Finally, heterogeneity in the design of studies, including
differences in acquisition protocols and AWE scoring systems,
makes comparisons difficult.

Future directions

Multi-centre, prospective studies with a standardised
imaging protocol are needed to definitely establish the clinical
role of HR-VW MRI in the diagnostic workup of patients with
intracranial aneurysms. Comparing the natural history of an-
eurysms with and without wall enhancement on HR-VW MRI
will probably answer the question of whether the presence of
this imaging sign is indeed an indicator of aneurysm instability.

Furthermore, to better understand this imaging finding, correla-
tion with histological analysis will be essential in future studies. This,
however, may be difficult to achieve because a significant number of
aneurysms are treated with the endovascular approach. An inves-
tigation of aneurysm flow dynamics and its impact on AWE is also
crucial. Further development of slow flow suppression techniques,
such as preparation pulses, would be undoubtedly beneficial.
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