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Vessel wall enhancement of intracranial aneurysms: fact
or artifact?
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OBJECTIVE For patients with subarachnoid hemorrhage (SAH) and multiple intracranial aneurysms, it is often chal-
lenging to identify the ruptured aneurysm. Some investigators have asserted that vessel wall imaging (VWI) can be used
to identify the ruptured aneurysm since wall enhancement after contrast agent injection is presumably related to inflam-
mation in unstable and ruptured aneurysms. The aim of this study was to determine whether additional factors contribute
to aneurysm wall enhancement by assessing imaging data in a series of patients.

METHODS Patients with symptoms of SAH who subsequently underwent VWI in the period between January 2017 and
September 2018 were eligible for study inclusion. Three-dimensional turbo spin-echo sequences with motion-sensitized
driven-equilibrium preparation pulses were acquired using a 3-T MRI scanner to visualize the aneurysm wall. Identifica-
tion of the ruptured aneurysm was based on aneurysm characteristics and hemorrhage distributions on MRI. Comple-
mentary imaging data (CT, DSA, MRI) were used to assess potential underlying enhancement mechanisms. Additionally,
aneurysm luminal diameter measurements on MRA were compared with those on contrast-enhanced VWI to assess the
intraluminal contribution to aneurysm enhancement.

RESULTS Six patients with 14 aneurysms were included in this series. The mean aneurysm size was 5.8 mm (range
1.1-16.9 mm). A total of 10 aneurysms showed enhancement on VWI; 5 ruptured aneurysms showed enhancement,

and 1 unruptured but symptomatic aneurysm showed enhancement on VWI and ruptured 1 day later. Four unruptured
aneurysms showed enhancement. In 6 (60%) of the 10 enhanced aneurysms, intraluminal diameters appeared notably
smaller (= 0.8 mm smaller) on contrast-enhanced VWI compared to their appearance on multiple overlapping thin slab
acquisition time of flight (MOTSA-TOF) MRA and/or precontrast VWI, suggesting that enhancement was at least partially
in the aneurysm lumen itself.

CONCLUSIONS Several factors other than the hypothesized inflammatory response contribute to aneurysm wall en-
hancement. In 60% of the cases in this study, enhancement was at least partially caused by slow intraaneurysmal flow,
leading to pseudo-enhancement of the aneurysm wall. Notwithstanding, there seems to be clinical value in differentiating
ruptured from unruptured aneurysms using VWI, but the hypothesis that we image the inflammatory cell infiltration in the
aneurysm wall is not yet confirmed.

https://thejns.org/doi/abs/10.3171/2019.4.FOCUS19236
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attenuated inversion recovery (FLAIR) MRI, and
susceptibility-weighted imaging (SWI) are being
used in the acute setting of hemorrhagic stroke to detect
subarachnoid hemorrhage (SAH).'%* In cases of multiple

C ONVENTIONAL imaging techniques such as CT, fluid-

intracranial aneurysms, the spatial relationship of the an-
eurysm with hemorrhage is the most solid indicator of the
ruptured aneurysm (e.g., a lobar hematoma close to the
aneurysm). However, for patients with a diffuse bleeding
pattern or even the absence of blood on imaging (cerebro-

ABBREVIATIONS ACoA = anterior communicating artery; CSF = cerebrospinal fluid; FLAIR = fluid-attenuated inversion recovery; ICA = internal carotid artery; MCA =
middle cerebral artery; MOTSA-TOF = multiple overlapping thin slab acquisition time of flight; PCoA = posterior communicating artery; SAH = subarachnoid hemorrhage;

SWI = susceptibility-weighted imaging; VWI = vessel wall imaging.
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spinal fluid [CSF]—positive SAH), it is often impossible to
determine which aneurysm ruptured. And while size and
morphology play a role in therapeutic decision-making, in
cases in which rupture assessment is still inconclusive, the
surgeon may end up treating all aneurysms, resulting in an
increased treatment risk.

Histological analysis has shown significant differences
in the composition of the aneurysm wall with a related
difference in rupture rate.* The exact mechanisms be-
hind aneurysm rupture are not completely understood,
and whether inflammation triggers aneurysm rupture or
is the consequence of rupture is unknown.?> An increase
in macrophage, T-cell, and leukocyte infiltration in the
aneurysm wall has been associated with rupture, which
has been the rationale for studying the aneurysm wall with
vessel wall imaging (VWI). Recently, VWTI is increasingly
performed for its potential value in identifying ruptured
aneurysms.”!>!®8 It has been suggested that enhancement
after contrast agent administration relates to inflammation
in the aneurysm wall of unstable or ruptured aneurysms;
therefore, VWI may assist in identifying ruptured aneu-
rysms.?2° However, aneurysm wall enhancement can be
induced by several mechanisms other than this inflamma-
tory response, such as the development of vasa vasorum,
atherosclerosis, and intramural hematoma.?®" In addi-
tion, intraaneurysmal flow has a completely different pat-
tern than the laminar flow in the intracranial vessels, and
this has been acknowledged to be an important pitfall in
correctly appraising enhancement of the aneurysm wall in
clinical practice.51

In this clinical report, we consider possible underlying
mechanisms contributing to aneurysm wall enhancement
by evaluating imaging data obtained using multiple mo-
dalities in patients suspected of having an SAH.

Methods

Approval from the local medical ethics committee was
obtained for data collection and analysis of a prospective
registry of SAH patients. Furthermore, as part of the Gen-
eral Data Protection Regulation (European Union), pa-
tients were asked permission to use clinical and imaging
data for research purposes.

Patients with symptoms of SAH who subsequently
underwent VWI in the period between January 2017 and
September 2018 were eligible for inclusion in this study.
For each patient, extensive MRI studies were acquired in-
cluding multiple overlapping thin slab acquisition time of
flight (MOTSA-TOF), FLAIR, and SWI sequences. For
VWI, we acquired 3D turbo spin-echo black-blood MRI
scans with motion-sensitized driven-equilibrium prepara-
tion pulses (in-plane resolution = 0.6 mm, slice thickness =
0.8 mm, TE = 35 msec, TR = 700 msec, flip angle = 80°).
This MRI protocol was performed in patients in whom
CT scanning had been inconclusive and additional infor-
mation was essential for detecting the ruptured aneurysm.

The aneurysm location, size, hemorrhagic distribution,
and presence of blood on FLAIR and/or SWI in the vi-
cinity of the aneurysm were assessed to determine which
aneurysm was the most likely one that ruptured. Further-
more, aneurysm wall enhancement was assessed to deter-
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mine its relationship with aneurysm rupture. We defined
aneurysm wall enhancement as focal or circumferential
hyperintensity along the aneurysm wall on postcontrast
VWI. Enhancement along the aneurysm wall is not limit-
ed to enhancement of the wall itself but can also originate
from regions within or outside the aneurysm wall.

Complementary imaging data (CT, DSA, MRI) were
used to assess potential underlying enhancement mecha-
nisms, such as aneurysm rupture, growth, atherosclerotic
calcifications, adjacent cerebral veins, and slow intraan-
eurysmal flow. MOTSA-TOF MRA was used to assess
the intraluminal aneurysm size, and VWI before and af-
ter contrast agent administration allowed measurement of
the nonopacified part of the aneurysm lumen (RadiAnt
DICOM Viewer 4.2.1). Intraluminal diameters were con-
sidered to be decreased when the diameter on contrast-
enhanced VWI appeared = 0.8 mm (slice thickness of
VWI) smaller than its appearance on precontrast VWI or
MOTSA-TOF.

Results

Six patients with 14 aneurysms were included in this
case series. The mean aneurysm size was 5.8 mm (range
1.1-16.9 mm). Information regarding the presence of blood
on CT or in the CSF, the presence of spatially correlated
blood on FLAIR and/or SWI, and aneurysm enhance-
ment on contrast-enhanced VWI is presented in Table 1.
A total of 10 aneurysms showed enhancement on VWI;
all ruptured aneurysms enhanced (5 lesions including the
aneurysm in case 5, which ruptured 1 day after VWI),
and 4 unruptured aneurysms showed enhancement. In 2
patients, each harboring 2 aneurysms, all 4 aneurysms
showed enhancement (cases 1 and 4). In another patient
with a total of 6 aneurysms (case 2), 3 aneurysms showed
enhancement.

In 6 (60%) of the 10 enhancing aneurysms, intraluminal
diameters appeared notably smaller (= 0.8 mm smaller)
on contrast-enhanced VWI compared to their appearance
on MOTSA-TOF and/or precontrast VW1, suggesting that
enhancement was at least partially in the aneurysm lumen
itself (Table 2).

One blister aneurysm (case 3) of the internal carotid
artery (ICA) showed enhancement probably related to an
intramural hemorrhage. Furthermore, circumferential en-
hancement was observed in a coiled posterior communi-
cating artery (PCoA) aneurysm (case 6), which was most
likely caused by a hyperintense coil-related rim artifact.

All aneurysms depicted as the most likely cause of
SAH were treated. In patients in whom additional aneu-
rysms had been left untreated, no rupture occurred during
a follow-up period of at least 12 months.

lllustrative Cases
Case 1

A 60-year-old man presented with clinical signs of
SAH. CT imaging showed interhemispheric subarachnoid
blood, continuing in the sylvian fissure until the middle
cerebral artery (MCA) bifurcation, resulting from a rup-
tured bilobar anterior communicating artery (ACoA)
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TABLE 1. Patient characteristics and imaging findings for six patients suspected of having an SAH

No.
Case of Aneurysm
No.  SAH* IAs Location Size (mm) FLAIR SWI VWE Proposed Enhancement Mechanism
1 +(CT) 2 ACoAf 74 + + +  Aneurysm rupture; suboptimal slow flow suppression
MCA 2.9 + +  +/- Unclear; already high signal on precontrast VWI
2 +(CT) 6 Basilar tipt 16.9 + + +  Previously coiled; progressive recanalization; aneurysm rupture; subop-
timal slow flow suppression
Pericallosal artery 46 - - +  Suboptimal slow flow suppression; aneurysm growth during FU prior to
VWI
AChA 4.2 + + -
Distal ICA 2.8 + + +  Previously coiled; stable recanalization; suboptimal slow flow suppres-
sion
OphA 47 - - -
MCA 11 + + -
3 +(CSF) 1 |ICAf 2.7 - - Intramural hematoma (blister aneurysm)
4 +(CT) 2 ACoAt 3.7 + + Aneurysm rupture; suboptimal slow flow suppression
OphA 3.8 + - +  Hyperintense signal along entire ICA segment, including ophthalmic
aneurysm; suboptimal flow suppression
5 - 1 ICA bifurcation 14.8 - - +  Aneurysm ruptured 1 day after VWI; calcified/atherosclerotic aneurysm
wall
6 +(CSF) 2 PCoAt 7.0 - - +  Coil-induced hyperintense rim artifact
Pericallosal artery 3.9 - - -

+ = positive; - = negative; +/- = equivocal; AChA = anterior choroidal artery; FU = follow-up; OphA = ophthalmic artery; VWE = vessel wall enhancement.
For each aneurysm, information on the presence of blood on CT or in the CSF, the presence of spatially correlated blood on FLAIR and/or SWI, and enhancement of the

aneurysm after contrast agent administration on VW1 is presented.

* Text in parentheses indicates whether SAH was indicated by blood on CT or in the CSF.

T Ruptured.

aneurysm (7.4 mm). A second left-sided, 2.9-mm, broad-
based MCA bifurcation aneurysm was present. Given the
small MCA aneurysm size and the presence of interhemi-
spheric blood, the ACoA aneurysm was considered to be
the most likely site of rupture. Focal areas of enhancement
were seen surrounding the ACoA aneurysm on contrast-
enhanced VWI (Fig. 1). Because a smaller diameter was
measured on postcontrast VWI compared to its size on
MOTSA-TOF imaging (Table 2), insufficient flow sup-
pression could have contributed to this enhancement.

A hyperintense signal surrounding the small MCA an-
eurysm was observed on both pre- and postcontrast VWI.
On FLAIR images, this small MCA aneurysm was sur-
rounded by subarachnoid blood. The cause of the high
signal intensity along the wall of the aneurysm is unclear:
focal subarachnoid blood, venous flow, or wall enhance-
ment. The aneurysm remained stable during 12 months
of follow-up.

Case 2

A 57-year-old woman with a large, previously ruptured
and coiled basilar tip aneurysm again presented with SAH.
Interpretation of CT imaging was hampered because of
severe coil artifacts, and CTA could not be used to de-
termine the cause of bleeding. MRI was performed 1 day
later, with FLAIR imaging and SW1 revealing bilateral in-
sular blood. An evident increase in size and recanalization
of the basilar tip aneurysm was seen. VWI demonstrated

enhancement both within the lumen and in the wall of
the basilar aneurysm (Fig. 2B—C). Since the lumen diam-
eter appeared notably smaller on contrast-enhanced VWI
compared to its size on precontrast VWI and MOTSA-
TOF (Table 2), insufficient flow suppression could have
resulted in an overestimation of wall enhancement.

An additional pericallosal artery aneurysm with slight
growth over 4 years also showed wall enhancement (Fig.
2D-E), with a definite absence of subarachnoid blood on
FLAIR imaging and SWI. DSA showed slow flow in the
pericallosal artery aneurysm with stasis of blood in the
aneurysm dome during the venous phase (Fig. 2F-G).
Concomitant support for flow-related enhancement of the
aneurysm lumen is the decrease in luminal diameter on
contrast-enhanced VWI. The pericallosal aneurysm was
treated after 12 months of follow-up.

A coiled distal ICA aneurysm with a small residual lu-
men after coiling also showed enhancement both in be-
tween the coils and in the small remnant. No enhancement
was observed for the additional ophthalmic artery, MCA,
and anterior choroidal artery aneurysms. It was decided
to coil the basilar aneurysm because of the significant in-
crease in size.

Case 5

A 42-year-old woman presented with an acute head-
ache suspicious for SAH. Six weeks earlier, she had been
diagnosed with an asymptomatic, large, right-sided ICA
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TABLE 2. Aneurysm diameter measurements on MOTSA-TOF, precontrast VWI, and postcontrast VWI

Case  Aneurysm Location ~ Max Aneurysm Diameter

Diameter Measurements (mm), Matched Slices

No. (side) on MOTSA-TOF (mm) MOTSA-TOF Precontrast VWI Postcontrast VWI
1 ACoA 74 6.4 6.1 5.6"
MCA (It) 2.9 29 2.7 2.5¢
2 Basilar tipt 16.9 10.9 9.7 8.6*
Pericallosal artery NA NA 4.6 3.8
AChA (rt) 4.2 29 2.9 2.6
Distal ICA (rt)t 2.8 2.8 2.8 0.8
OphA (It) 47 4.2 3.8 3.7
MCA (It) 11 1.1 0.9 0.7
3 ICA (rt) 27 21 NA 1.6t
4 ACoA 3.7 29 29 1.0*
OphA (It) 3.8 3.8 3.7 2.1*
5 ICA bifurcation (rt) 14.8 14.8 NA 14.81
6 PCoA (rt)§ 7.0 6.3 NA 6.3t
Pericallosal artery 3.9 3.6 NA 3.6

NA = not applicable.

* Enhancement with decreased luminal diameter (= 0.8 mm smaller).

T Enhancement on postcontrast VWI.
1 Measurement of residual aneurysm lumen after coiling.
§ Measurement of coiled aneurysm.

bifurcation aneurysm (14.8 mm) with coarse atheroscle-
rotic calcifications at the region of the aneurysm neck and
small spots of calcifications along the aneurysm wall. CT
imaging and lumbar puncture at the acute admission did
not reveal an SAH. In accordance, FLAIR and SW im-
ages did not show any signs of bleeding. On VWI, cir-
cumferential aneurysm wall enhancement was observed
(Fig. 3). One day later the patient had a severe SAH, and
despite emergency treatment she died from complications.
Enhancement of the aneurysm prior to rupture might have
indicated instability of the aneurysm; however, atheroscle-
rosis and inflammatory reactions in the thickened aneu-
rysm wall might have also contributed to aneurysm wall
enhancement.

Case 6

A 58-year-old woman presented with an acute head-
ache. CT imaging did not demonstrate subarachnoid
blood; however, lumbar puncture was positive for SAH.
CTA revealed a right-sided, 7.0-mm PCoA aneurysm,
which was subsequently coiled. An additional small peri-
callosal artery aneurysm (3.9 mm) was identified during
angiography. Given the CT scan, rupture of this additional
aneurysm could not be excluded. Additional MRI revealed
neither blood or hemosiderin in the vicinity of this aneu-
rysm,nor VWI enhancement of the pericallosal aneurysm.
Therefore, the PCoA was considered to be the most likely
site of rupture. This PCoA aneurysm showed enhancement
of the aneurysm wall; however, increased signal intensity
was already present on the precontrast T1-weighted MR
images (Fig. 4). A coiling-induced hyperintense rim arti-
fact most likely contributed to this high signal intensity.'?
The pericallosal aneurysm was left untreated, and follow-
up revealed a stable aspect of the aneurysm at 12 months.
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Discussion

In all SAH patients in this case series, wall enhance-
ment of the ruptured aneurysm was observed. Four of 8
unruptured aneurysms also showed wall enhancement.
In 60% of the enhanced aneurysms, the aneurysm lu-
men appeared notably smaller on contrast-enhanced VWI
compared to its size on MOTSA-TOF MRA and non-
contrast-enhanced VWI. This strongly suggests that slow
flow at the inner border of the aneurysm wall contributes
to—and thus may lead to an overestimation of —aneurysm
wall enhancement. Additionally, atherosclerosis (n = 1),
coiling-induced hyperintense rim artifact (n = 1), and in-
tramural hematoma (n = 1) contributed to aneurysm wall
enhancement. Our data suggest that VWI may be highly
sensitive but has limited specificity for detecting ruptured
aneurysms. Therefore, aneurysm assessment should not
rely solely on VWI.

Several studies have related aneurysm wall enhance-
ment to rupture status. VWI after SAH in a case series of
five patients demonstrated enhancement of the aneurysm
wall in all ruptured aneurysms, while none of the unrup-
tured aneurysms enhanced.'* Concordantly, vessel wall
assessment in three large cohorts with a total of 108 rup-
tured aneurysms and 302 unruptured aneurysms showed
a correlation between enhancement of the aneurysm wall
and rupture status.'824 One of these studies reported that
partial wall enhancement was solely observed at irregular
regions and daughter sacs of aneurysms.>* Because aneu-
rysm irregularity has been related to rupture status, some
have hypothesized that endothelial damage and inflam-
mation are the likely causes of aneurysm enhancement.!
However, these irregular regions and daughter sacs are
very susceptible to different, much slower flow patterns,



Cornelissen et al.

FIG. 1. Case 1. A: Axial MOTSA-TOF MR angiogram of a ruptured bilobar ACoA aneurysm (arrow). B: On a precontrast VW im-
age, arrows indicate the ACoA aneurysm wall. C: Contrast-enhanced VW image with local aneurysm wall enhancement (arrows).
D: Hyperintense signal (arrows) surrounding the small MCA aneurysm on precontrast VWI. E: The hyperintense signal (arrows)

became more evident on postcontrast VWI.

which may lead to insufficient flow suppression within the
aneurysm. As we observed in some of our cases by mea-
suring the internal luminal diameter of the aneurysm on
MOTSA-TOF and pre- and postcontrast VWI, the lumi-
nal diameter appears smaller on contrast-enhanced VWI.
This is most likely caused by slow adherent flow close to
the inner border of the aneurysm wall, which can contrib-
ute to pseudo-enhancement of the aneurysm wall. Look-
ing at case examples from other publications on VWI in
aneurysms suggests that this flow-related enhancement
inside the aneurysm lumen is not a rare phenomenon.>!>”

Besides its relation to rupture status, enhancement has
also been observed more frequently in unstable than in
stable intracranial aneurysms.* Edjlali et al. defined un-
stable aneurysms as recently (within 24 hours) ruptured,
symptomatic, or evolving with changing morphology over
6 months. In another publication focusing on unruptured
aneurysms only, circumferential aneurysm wall enhance-
ment was observed more frequently in symptomatic (70%)
than in asymptomatic (27%) aneurysms.’ Patients with
symptomatic aneurysms in that study had presented with
either sentinel headaches or third nerve palsy. Occasion-
ally, wall enhancement on VWI has been associated with
inflammatory cell invasion in unruptured aneurysms, as

shown by Larsen and colleagues using histological analy-
sis.® Moreover, those authors did not observe enhancement
in aneurysms without histological signs of inflammation.
The suggestion that VWI can be used as an indirect
marker of vessel wall inflammation has been made by sev-
eral authors, and the relation to inflammatory processes
in the aneurysm wall as found with histopathology is eas-
ily made.>!>17 Frosen et al. categorized intracranial aneu-
rysms into four different types according to wall histology,
with associated differences in the rupture rate.* Endothe-
lialized wall with linearly organized smooth-muscle cells
showed the lowest rupture rate (42% ruptured), whereas
aneurysms with an extremely thin thrombosis-lined hy-
pocellular wall were all ruptured. A study of postmortem
and intraoperatively acquired intracranial aneurysms has
shown that aneurysm walls can be very thin, measur-
ing between 0.02 and 0.50 mm.?! MRI of the aneurysm
wall can be challenging because of image resolution; the
best obtainable image resolution using 3-T MRI is usu-
ally around 0.8 mm, which is insufficient to visualize the
average wall thickness of an aneurysm. However, a recent
study correlated histopathology and 7-T MRI of aneu-
rysms, showing that 7-T MRI can demonstrate intracranial
aneurysm walls and assess variation in wall thickness”
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FIG. 2. Case 2. A: Axial MOTSA-TOF MR angiogram of a ruptured, recurrent basilar tip aneurysm (arrow). B: Hyperintense MR

signal (arrow) surrounding the coil mass on precontrast VWI. C: The signal surrounding the coil mass enhanced on postcontrast
VVWI. Furthermore, intraluminal enhancement (arrows) was observed. D and E: Sagittal pre- and postcontrast VWI showed a
growing pericallosal artery aneurysm with clear circumferential enhancement (arrows). F: DSA revealed the pericallosal aneurysm.
G: Intraaneurysmal stasis of contrast agent in the venous phase, indicating slow intraaneurysmal flow.

Added to the limitation in resolution are the pulsation
artifacts on MRI, which degrade image quality and incor-
rectly increase aneurysm wall thickness. These pulsation
artifacts can be overcome by using cardiac gating during
VWI. Another limitation of VWI is that an intraluminal
thrombus may hinder reliable assessment of aneurysm
wall thickness as the clot itself can already show high
signal intensity on precontrast VWI. When using VWI to
show wall enhancement, a precontrast VWI sequence is
mandatory to exclude false-positive cases. Another pitfall
in VWI can be enhancement of the venous structures close
to the aneurysm.

An association between wall enhancement and aneu-
rysm size in unruptured intracranial aneurysms has been
shown in several studies."'"'>26 However, a large aneurysm
size hinders reliable assessment of aneurysm wall en-
hancement as lower velocities are to be expected in larger
aneurysms. Wall-mimicking artifacts can be caused by
insufficient flow suppression, which may lead to an over-
estimation of aneurysm wall enhancement with possible
false-positive findings (pseudo-enhancement) in large an-
eurysms.

Correct delineation of the aneurysm wall can be very
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difficult when the wall lies close to the brain parenchyma.
It has even been suggested that in ruptured aneurysms en-
hancement of the aneurysm wall corresponds to the in-
terface between the aneurysm wall and surrounding brain
tissue.'® It has also been suggested that the vasa vasorum
plays a role in aneurysm wall enhancement; however, his-
topathological confirmation is often lacking.”” Most of the
studies on the presence of vasa vasorum in aneurysms
have looked at giant and chronic fusiform aneurysms, but
in a recent histological analysis, the presence of the vasa
vasorum was noted in 2 of 14 patients with non-giant an-
eurysms of 14 and 6 mm.?

How should the value of VWI in differentiating rup-
tured from unruptured aneurysms be judged—as it does
seem to point to the ruptured aneurysm? First, irregular
aneurysms with blebs have a higher rupture risk than
more regular aneurysms. Stagnation of flow in these blebs
with resulting flow-related enhancement is to be expected.
Larger aneurysms have a higher risk of rupture, and the
relation between aneurysm size and slow flow has already
been acknowledged. Aneurysm wall enhancement has also
been related to areas of low wall shear stress in a series of
patients with ruptured and unruptured aneurysms.>> How-
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FIG. 3. Case 5. A: MOTSA-TOF MR angiogram of an unruptured ICA bifurcation aneurysm (arrow) 1 day prior to rupture. B: Sagittal
CT image of the unruptured aneurysm with atherosclerotic calcifications (arrow) at the neck region of the aneurysm. C: Sagittal
postcontrast VWI with a high degree of enhancement at the aneurysm neck region (white arrow) and circumferential wall enhance-
ment (yellow arrows).

FIG. 4. Case 6. A: MOTSA-TOF MR angiogram obtained 4 days after coiling, showing a rim artifact of a ruptured PCoA aneurysm.

B: Precontrast T1-weighted image showing a circumferential hyperintense signal (arrows). C: Postcontrast VWI with a circumferen-
tial hyperintense signal (white arrows). The cavernous sinus also shows enhancement (yellow arrow).
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ever, at least in one of the case examples in the study by
Xiao et al., enhancement is seen not only in the wall of the
aneurysm but also within the lumen of the aneurysm bleb.
Important to note is that slow flow artifacts do not nec-
essarily invalidate the relationship between enhancement
and aneurysm stability since slow flow can be an indirect
marker of wall inflammation. To confirm the relationship
between inflammation and enhancement, histological as-
sessment remains necessary.

Conclusions

Several factors other than the hypothesized inflamma-
tory response contribute to aneurysm wall enhancement.
In 60% of our cases, enhancement was at least partially
caused by slow intraaneurysmal flow, leading to pseudo-
enhancement of the aneurysm wall. Notwithstanding,
there seems to be clinical value in differentiating ruptured
from unruptured aneurysms using VWI, but the hypoth-
esis that we image the inflammatory cell infiltration in the
aneurysm wall is not yet confirmed.
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