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Advancing vessel wall imaging in intracranial aneurysms: a crucial
step towards improved patient management?
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Intracranial aneurysms pose a significant challenge in neu-
rosurgical practice due to their potential for rupture with
possible catastrophic consequences. The management of
these aneurysms requires a comprehensive understanding
of the intricate pathology involved. Vessel wall imaging
(VWI), using so-called using dedicated MRI sequences, has
emerged as a promising new tool that can provide valuable
insights into the pathophysiology and natural history and
may guide treatment strategies for unruptured and ruptured
intracranial aneurysms.

Traditionally, the evaluation of intracranial aneurysms
using imaging has primarily focused on luminal abnormalities
documented by CTA, by MRA, and, most accurately, by DSA.
In addition to clinical risk factors, such as smoking, high blood
pressure, family history, and PHASES score, morphologic
criteria such as location, size, shape, and specific geometric
features including aspect ratio have been used to identify
aneurysms with a potential to either growth or rupture [11].
More than a decade ago, computational fluid dynamics (CFD)
have become a significant research field to explore various
hemodynamic parameters including wall shear stress, oscillating
wall shear stress, aneurysm growth factor, and others as potential
biomarkers for growth and rupture of cerebral aneurysms [9, 12].

However, since inflammatory processes in the aneurysmal
wall have been identified as key driving factors in aneu-
rysmal pathophysiology [15], recent studies have empha-
sized a novel and critical role of vessel wall imaging [11,
13, 17]. Techniques, such as high-resolution magnetic reso-
nance imaging (MRI) including so-called black blood (BB)
technique, enable direct visualization of the aneurysm wall,
providing novel valuable information about its morphology,
thickness, composition, and, most importantly, and the state
of inflammation [10]. The latter is of particular interest as
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there is increasing evidence that activation of macrophages
in the aneurysm wall could play a role in its destabilization
leading to progressive weakening with subsequent growth
and rupture [6, 8]. As demonstrated by Dinia et al., VWI
may allow to differentiate between asymptomatic (“stable’)
and symptomatic (“unstable”) aneurysms. Therefore, by
studying the vessel (aneurysm) wall itself, for the first time,
clinicians could gain insights into the underlying pathol-
ogy of cerebral aneurysms and acquire knowledge with the
potential to enhance risk stratification, guide treatment deci-
sions, and improve patient outcomes. This information aids
in tailoring individualized treatment plans, ranging from
conservative management and surveillance to endovascu-
lar coiling or surgical clipping. Accurate risk stratification
reduces the uncertainty surrounding treatment decisions and
enhances patient safety by identifying high-risk (sympto-
matic, ruptured or “unstable”) lesions that may benefit from
early intervention. At the same time, it would enable to fol-
low low-risk (asymptomatic or “stable”) lesions with serial
imaging and to either ensure long-term aneurysm stability or
identify residual or recurrent pathology and adapt the man-
agement strategy accordingly. By facilitating early detection
of instability or aneurysm recurrence, vessel wall imaging
may help to improve patient outcomes and may reduce the
need for invasive follow-up procedures.

While VWI holds great promise, there are numerous
challenges that need to be addressed before its widespread
clinical implementation. Spatial resolution of current 3-T
MRI scanners is limited, and the question arises whether a
very thinned aneurysmal wall of 0.02—-0.50 mm could accu-
rately be imaged in clinical practice (even 7-T systems may
not always be sufficient). Intraaneurysmal flow pattern may
affect the MRI signal and cause false-positive results, espe-
cially in larger aneurysms where the flow near the wall is
slow and likely simulates VW enhancement [2, 3]. Increased
signal intensity by clot material inside or outside the aneu-
rysm may hinder reliable assessment of wall thickness
and could mimic wall enhancement. Furthermore, pulsation

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-023-05773-6&domain=pdf
http://orcid.org/0000-0002-9824-6900

3832

Acta Neurochirurgica (2023) 165:3831-3832

artifacts can cause “increased wall thickness,” which possibly
could be compensated by cardiac gating. The so-called circum-
ferential aneurysmal wall enhancement (CAWE), described by
some investigators as surrogate marker for aneurysm instabil-
ity [4], was not specifically used in the study presented here.
In addition, the number of aneurysms undergoing histologic
studies was relatively small to send a strong message and more
such data are certainly needed. More longitudinal studies to
monitor VWI findings in untreated non-ruptured aneurysms
over longer time frames must be conducted [17]. Standardi-
zation of imaging protocols, interpretation criteria (focal or
circumferential aneurysmal WE), and the development of dedi-
cated software for image analysis are necessary steps towards
ensuring consistency and reliability across institutions.

Additionally, advancements in imaging technology, such
as increased spatial resolution and faster acquisition tech-
niques, will further enhance the diagnostic accuracy and
efficiency. Correlation with other imaging modalities such
as dynamic contrast enhanced MRI [14, 16], 4D-MRI [1],
and CFD [18] would be beneficial for better understanding
of both signs and pitfalls.

It should be noted that aneurysm wall enhancement per se
could be a reflection of microvascular changes and, therefore,
be seen as an indirect sign rather than a direct specific marker for
an inflammatory process. Therefore, a more direct approach to
detect macrophages activity using ferumoxytol [5] or as recently
demonstrated, oxidatively activated Fe-PyC3A [7], could help to
further validate this new promising imaging modality.

Vessel wall imaging may represent a paradigm shift in
the management of unruptured and ruptured intracranial
aneurysms, allowing clinicians to move beyond luminal
assessment and gain a deeper understanding of the underly-
ing pathology. By providing crucial insights into aneurysm
stability and detecting developing instability, treatment
planning and monitoring patients could be substantially
improved. Although the study of Dinia et al. has some limi-
tations, it adds valuable information to our existing knowl-
edge of the subject matter. Further research and collabo-
ration among clinicians, radiologists, and MRI physicists
are essential to refine the techniques, develop standardized
protocols, and establish the full potential of VWI in the man-
agement of unruptured and ruptured intracranial aneurysms.
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