THERAPEUTIC ADVANCES in

Neurological Disorders

Original Research

Quantification of aneurysm wall
enhancement in intracranial fusiform
aneurysms and related predictors based
on high-resolution magnetic resonance
imaging: a validation study

Fei Peng®, Mingzhu Fu*, Jiaxiang Xia*, Hao Niu, Lang Liu, Xin Feng, Peng Xu, Xiaoyan Bai,
Zhiye Li, Jigang Chen, Xin Tong, Xiaoxin He, Boya Xu, Xuge Chen, Hongyi Liu, Binbin Sui,
Yonghong Duan, Rui Li* and Aihua Liu*

Abstract

Background: Aneurysm wall enhancement (AWE) in high-resolution magnetic resonance
imaging (HR-MRI) has emerged as a new imaging biomarker of intracranial aneurysm

instability.

Objective: To determine a standard method of AWE quantification for predicting fusiform
intracranial aneurysms (FIAs] stability by comparing the sensitivity of each parameter in
identifying symptomatic FlAs. The predictors of AWE and FIA types were also identified.
Methods: We retrospectively analyzed consecutive fusiform aneurysm patients who underwent
HR-MRI from two centers. The aneurysm-to-pituitary stalk contrast ratio (CR,,J, aneurysm
enhancement ratio, and aneurysm enhancement index were extracted, and their sensitivities
in discriminating aneurysm symptoms were compared using the receiver-operating
characteristic curve. Morphological parameters of fusiform aneurysm were extracted based
on 3D vessel model. Uni- and multivariate analyses of related predictors for AWE, CR,,, and
FIA types were performed, respectively.

Results: Overall, 117 patients (mean age, 53.3 = 11.7years; male, 75.2%) with 117 FlAs
underwent HR-MRI were included. CR,,,, with the maximum signal intensity (CR i max)

had the highest sensitivity in identifying symptomatic FIAs with an area under the curve

value (0.697) and a cut-off value of 0.90. The independent predictors of AWE were aneurysm
symptoms [(odds ratio) OR=3.754, p=0.003], aspirin use (0R=0.248, p=0.037), and the
maximum diameter of the cross-section (OR=1.171, p=0.043). The independent predictors of
CR.taik.max Were aneurysm symptoms (OR=1.289, p=0.003) and posterior circulation aneurysm
(OR=1.314, p=0.001). Transitional-type showed higher rates of hypertension and mural
thrombus over both dolichoectatic- and fusiform-type FlAs.

Conclusion: CR,,_ma.x May be the most reliable parameter to quantify AWE to distinguish
symptomatic FlAs. It also has the potential to identify unstable FIAs. Several factors contribute
to the complex pathophysiology of FIAs and need further validation in a larger cohort.
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Introduction

Intracranial aneurysms (IAs) affect nearly 3-5%
of the entire population.! IA rupture leads to
aneurysmal subarachnoid hemorrhage, followed
by high morbidity and mortality.! Generally, IAs
are dichotomized into saccular IAs (SIAs) and
fusiform IAs (FIAs) based on their morphology.23
SIAs account for the majority, while FIAs only
account for 3-13% of IAs.?>% Recent studies have
revealed that the physiological processes differ
between SIAs and FIAs.3” Hemodynamically,
FIAs may be subjected to lower hemodynamic
stress than SIAs.78 Pathologically, FIAs may
demonstrate more extensive pathological pro-
cesses because they are associated with greater
aneurysm wall enhancement (AWE) and more
involved areas of the culprit artery than SIAs.> On
the basis of their pathological features, non-sac-
cular aneurysms can be divided into three types:
fusiform, dolichoectatic, and transitional.®

Aneurysm growth and rupture are mediated by
inflammatory processes in the aneurysm wall.l?
Recently, AWE on high-resolution magnetic res-
onance imaging (HR-MRI), which correlates
with aneurysm wall inflammation and vasa vaso-
rum, has been identified as a useful surrogate bio-
marker of unstable IAs.!1:12 Thus, a standard
quantification of AWE may help to delineate the
borderline cases and screen those patients who
need early intervention. Several studies have
standardized AWE quantification in SIAs.13-15
One study has reported that the aneurysm-to-
pituitary stalk contrast ratio (CR,;,) with a cut-
off value of 0.60 tends to have a higher sensitivity
in discriminating unstable aneurysms than other
AWE parameters (e.g. aneurysm enhancement
ratio, AER; aneurysm enhancement index,
AEI).!3 However, there is currently no standard
definition for AWE quantification of FIAs.
Considering certain aneurysm symptoms (e.g.
sentinal headache and oculomotor nerve palsy)
reportedly strongly indicate aneurysm instabil-
ity,16 it is, therefore, reasonable to determine a
standard method of AWE quantification for pre-
dicting FIA stability by comparing the sensitivity
of each parameter in identifying symptomatic
FIAs. To understand the underlying mechanisms
of TA progression, the risk factors for AWE of
SIAs, which may include aneurysm symptoms,
anti-inflammatory drugs, and aneurysm morphol-
ogy, have been widely studied.!6-18 In contrast,
the related predictors of AWE in FIAs have
received less attention. In addition, based on the

fact that FIAs, characterized by different classifi-
cations,3? present a wide spectrum of pathophysi-
ology,® investigating the related predictors of
AWE and FIA types may help to understand the
disease processes of vasculopathy.

We aimed to identify a standard method to quan-
tify the AWE of FIAs. To further understand the
physiological mechanisms of FIAs, related pre-
dictors of AWE and FIA types were also
investigated.

Methods

Patients’ characteristics

Consecutive patients with FIAs who underwent
HR-MRI were retrospectively recruited from
August 2015 to September 2021 at Beijing
Tiantan Hospital and Center for Biomedical
Imaging Research of Tsinghua University.
Patients who harbored dissecting aneurysms,
dural arteriovenous fistulas, arteriovenous mal-
formations, Moya Moya disease or other cerebro-
vascular diseases, incomplete medical records, or
poor image quality for AWE analysis, or without
post-gadolinium sequencing on HR-MRI were
excluded. The baseline characteristics of the
patients, including aneurysm symptoms, hyper-
tension, hyperlipidemia, diabetes mellitus, smok-
ing status, and aspirin use, were obtained from
medical records or telephone follow-up.
Aneurysm symptoms were defined as sentinel
headache and oculomotor nerve palsy, which
strongly indicate aneurysm instability.!® Smoking
status was defined as never smoking, current
smoking, and former smoking, as outlined in our
previous study.!® Aspirin use was defined as a
daily intake of =81mg aspirin in the recent
6 months or longer.1©

Aneurysm characteristics

The characteristics of FIAs included fusiform
type, location, maximum diameter (D), and
maximum length (L, ). Dissecting aneurysms
were defined as string sign, double lumen, intimal
flap, alternation of stenosis and dilatation, arterial
occlusion, or semilunar hematoma with luminal
narrowing.2%22 Considering the inherent differ-
ences between dissecting aneurysms and other
types of aneurysms, the Mizutani classification,
which includes dissecting aneurysms, was not
used in this study.
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Figure 1. Quantification of D,,, and L .,,

Lmax = 18.46 mm
Dmax = 10.21 mm

in the 3D space. (a) The 3D vessel model was first extracted from

3D TOF MRA. (b] The centerline of the vessel was then automatically extracted. (c and d) Finally, L,,,, was
calculated based on the boundary definition, and D,,,, was measured in the cross-section.

One experienced reader with at least 20 years of
neuroimaging diagnosis experience identified
and excluded those dissecting aneurysms.
Then, the included FIAs were classified based
on Flemming’s classification.®° Fusiform-type
FIAs are characterized by dilatation of 1.5 times
the diameter of the normal blood vessel, dolich-
oectatic-type FIAs are characterized by uniform
dilatation of >1.5 times normal, while transi-
tional-type FIAs are characterized by uniform
dilatation of >1.5 times normal with overlap-
ping dilatation of the part of the involved blood
vessel.l2 The aneurysm location was divided
into the anterior circulation and the posterior
circulation.

D, .. was defined as the greatest diameter in the
cross-section,?%-2324 while L, was defined as the
length of the involved vessel with a boundary of

1.5 times the normal vessel.2>2¢ Three-
dimensional (3D) time-of-flight (TOF) magnetic
resonance angiography (MRA) was used to quan-
tify D,,,, and L_,. in the 3D space. Specifically,
the 3D vessel model [Figure 1(a)] was first gener-
ated based on a workflow, including threshold
segmentation, region growth, connected domain
selection, and surface smoothing, using our in-
house software programmed in Python. Second,
to measure L., the centerline of the vessel was
automatically extracted based on the feature tree
growth algorithm [Figure 1(b)]. Next, the center-
line of the FIA was isolated from the rest of the
centerline network according to the boundary
definition [Figure 1(c)]. Finally, L_, was calcu-
lated based on the isolated centerline, and D,
was measured in the cross-section [Figure 1(d)].
Mural thrombus was identified as a high signal in
T1.21
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Figure 2. Post-contrast 3D T1-weighted images revealed the 20 mm? of
corpus callosum (red circle], four points of the pituitary infundibulum (black
plus), and fusiform aneurysm of the right vertebral artery (white triangle).

HR-MRI protocol

All MRI scans were performed using a 3.0-T MR
scanner (Trio-Tim, Siemens Healthcare, Erlangen,
Germany; Discovery 750, GE Healthcare,
Milwaukee, WI, USA; Ingenia CX, Philips
Healthcare, Best, the Netherlands) equipped with
a 32-channel head coil. Three-dimensional TOF
MRA was used to identify FIAs. High-resolution
sequences included pre- and post-contrast 3D
T1-weighted images (SPACE/CUBE/VISTA)
with a voxel size of 0.7 X 0.7 X 0.7mm?3. Six min-
utes after the injection of 0.1 mmol/kg gado-
pentetate dimeglumine (Gd, Magnevist; Bayer
Schering Pharma AG), post-contrast T'1-weighted
imaging was performed.

AWE assessment

The AWE assessment was carried out using Horos
(https://horosproject.org/). Two experienced read-
ers with at least 5years of neuroimaging diagnosis
experience were blinded to patients’ information
to assess AWE. Any discrepancy was resolved by
consensus with a third experienced reader. First,
the pre- and post-contrast T1-weighted images of
FIAs were manually co-registered in three planes
(axial, coronal, and sagittal) using the same slide.16

Then, the region of interest of the aneurysm wall
was extracted from the plane that covered the
maximum aneurysm diameter. To avoid pseudo-
enhancement of the aneurysm wall, pre- and post-
contrast T1-weighted images were compared to
define aneurysm wall thickness.!® ST, was defined
as the signal intensity (SI) of the aneurysm wall on
pre- or post-contrast T1-weighted images of FIAs
at the plane covering the maximum aneurysm
diameter in the cross-section and extending to the
sites of 1.5 normal diameters of the parent vessel in
both directions as the boundary (same boundary
with the L, ).?%?>24 Meanwhile, the mean value
of four randomized points in the pituitary stalk
(SIgap) was calculated (Figure 2).* CR i average
and CR_ ;... were calculated as the ratio of ST,
over SI, on post-contrast imaging, which used
the mean and maximum SI, respectively.® The
AER was calculated as (S posi™STyan pre)/STyan
pre-'> Slprin Was defined as the SI in the co-regis-
tered 20mm?, which was drawn over the corpus
callosum (Figure 2).15> Then, the AEI was calcu-
lated as [(SLyanpos/Sorainpos) ~ (Slyarpre/STorain-
pre)]/ (SIwall-pre/ SIbrain—pre) . Slmllarly, AERmax! AEImax)
AER, a0 and AEL.,,. were calculated using the
mean or maximum SI value.

Statistical analysis

All statistical analyses were conducted using
SPSS version 22.0 (IBM Corp., Armonk, NY,
USA). Continuous variables are expressed as
mean * standard deviation, and categorical vari-
ables are expressed as frequency and percentage.
A non-parametric test (Kruskal-Wallis H test)
was used for statistical assessment of AWE
parameters (CR_,;,, AER, and AEI) using the
maximum and mean SI values, respectively. A p
value of <0.05 was considered statistically sig-
nificant. On the basis of aneurysm symptoms,
which predict aneurysm instability, sentinel
headache and oculomotor nerve palsy were used
in the receiver-operating characteristic (ROC)
curve analysis. Discrimination, which refers to
the ability to discriminate symptomatic and
asymptomatic FIAs, was assessed using the
C-statistic [an area under the ROC curve (AUC)
of 0.5 indicates no discriminative ability and an
AUC of 1.0 indicates a perfect discriminative
ability]. When the cut-off value of the AWE
parameter with the highest sensitivity to discrimi-
nate aneurysm symptoms was defined, the AWE
parameter was classified into two categories:
non-AWE and AWE.
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To identify the risk factors for AWE, the base-
line characteristics of the patients and aneu-
rysms were first examined in the univariate
analysis (2 test or Kruskal-Wallis H test).
Variables with a p value of <0.20 were entered
into the logistic regression analysis. To identify
the risk factors of CR, . ... those baseline
characteristics were first examined in the gen-
eral regression analysis. Variables with p<<0.20
were entered into the multiple linear regression
analysis. To identify the risk factors for FIA
type, those baseline characteristics were first
examined in the univariate analysis (2 test or
Kruskal-Wallis H test). Variables with a p value
of <0.10 were entered into the multinomial
logistic regression analysis.

Results

Patient and aneurysm characteristics
Atotalof117 patients (meanage,53.3 = 11.7 years;
male, 75.2%) with FIAs were included in this
study (Figure 3). Among them, 81 patients
(69.2%) had fusiform-type FIAs, 21 patients
(17.9%) had dolichoectatic-type FIAs, and 15
patients (12.8%) had transitional-type FIAs. The
assessments of aneurysm morphology and AWE
for these three types of FIA are summarized in
Figure 4. Fifty patients (42.7%) presented with
aneurysm symptoms, including 39 (33.3%) with
sentinel headache and 11 (9.4%) with oculomo-
tor nerve palsy. The characteristics of the patients
and FIAs are listed in Table 1.

AWE quantification in discriminating

symptomatic FIAs

The Kruskal-Wallis H test showed that patients
with aneurysm symptoms had significantly higher
CR,icmax (0.99 wversus 0.77, p<0.001), AER_,,
(1.13 versus 0.68, p=0.037), AEI_,, (1.08 versus
0.84, p=0.022), CRkaverage (0-79 wersus 0.65,
£=0.001), and AEI,,,. (0.80 wversus 0.64,
p»=0.024) values than patients without aneurysm
symptoms. Notably, although not statistically sig-
nificant, AER,.;,; (0.84 versus 0.68, p=0.093)
tended to be higher in patients with aneurysm
symptoms. In subsequent ROC curve analyses,
CR,.jmax had the greatest AUC of 0.697 (Figure
5). When the cut-off value of CR . .. Was 0.90,
the sensitivity and the specificity were 0.60 and

0.701, respectively.

Risk factors associated with AWE and CR
in FlAs

The cut-off value of CR ;. Was 0.90. Thus, a
CR, i max Of =0.90 was defined as AWE, and a
CR,jmax Of <0.90 was defined as non-AWE.
For the risk factors of AWE in FIAs, univariate
analysis revealed that age (p=0.140), aneurysm
symptoms (p=0.001), hyperlipidemia (p=0.083),
diabetes mellitus (p=0.113), coronary artery dis-
ease (p=0.068), atherosclerosis (p=0.014),
mural thrombus (p=0.054), current smoking
(p=0.180), aspirin use (p=0.044), FIA type
®»=0.027), D,,, ®»=0.003), L. (»=0.003),
and posterior circulation aneurysm (p=0.071)
tended to be associated with positive AWE and
were entered into the multivariate analysis. In the
multivariate analysis, aneurysm symptoms [odds
ratio (OR)=3.754, p=0.003), D_,, (OR=1.171,
p»=0.043), and aspirin use (OR=0.248, p=0.037)
still remained significant (Table 2).

stalk-max

For the risk factors of CR ;.. in FIAs, univari-
ate analysis revealed that hyperlipidemia
(p=0.118), current smoking (p=0.105), aspirin
use (p=0.103), aneurysm symptoms (p<<0.001),
posterior circulation aneurysm (»p<0.001), D_,.
»=0.002), L., (»<0.001), mural thrombus
(p=0.004), and atherosclerosis (p<<0.001)
tended to be associated with CR ;. ... and were
entered into the multivariate analysis. Multivariate
analysis revealed that aneurysm symptoms
(OR=1.289, p=0.003) and posterior circulation
aneurysm (OR=1.314, p=0.001) were the inde-
pendent predictors of CR .. (Table 3).

Risk factors associated with FIA type

The subgroup analysis of FIA type is presented in
Table 4. In the univariate analysis, transitional-
type FIAs had the highest CR_ ;. ... (1.00 = 0.25),
while fusiform-type FIAs had the lowest CRjc max
(0.81 = 0.28). 93.3% of transitional-type FIAs had
hypertension compared with 57.1% of dolichoe-
ctatic-type FIAs and 46.9% of fusiform-type FIAs
(»p=0.004). Atherosclerosis was present in 66.7%
of transitional-type FIAs compared with 61.9% of
dolichoectatic-type FIAs and 34.6% of fusiform-
type FIAs (p=0.018). Mural thrombus was pre-
sent in 66.7% of transitional-type FIAs compared
with 33.3% of dolichoectatic-type FIAs and 30.9%
of fusiform-type FIAs (p=0.028). Transitional-
type FIAs had the highest D_,  (11.53 = 3.40 mm,

$<0.001)and L, (29.60 £ 14.63mm, p<<0.001)
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Patients with suspected FIAs
underwent high resolution
MR imaging (195 patients)

Exclusion:

Dissecting aneurysms (15 patients)

No postgadolinium sequence of HR-MRI (12 patients)
IFAs related to arteriovenous malformations (AVMs).
dural arteriovenous fistulas (DAVFs). moyamoya
disease or other cerebrovascular diseases (11 patients)

Patients’ clinical Poor image quality (25 patients)
information need to be
confirmed (132 patients)

Exclusion:
Incomplete medical records (15 patients)

Patients with confirmed
aneurysmal symptom
information (117 patients)

!
! y

Asymptomatic Symptomatic
(67 patients) (50 patients)

v . ]
Sentinal headache oculomotor nerve
(39 patients) palsy (11 patients)

Figure 3. Flowchart of patient selection.

Fusiform Dolichoectatic Transitional

MRA

Morphology

Figure 4. Assessment of aneurysm morphology and AWE in fusiform, dolichoectatic, and transitional FlAs.
The upper column shows 3D TOF MRA, the middle column shows AWE of three types of FIA, and the bottom
column shows D, [yellow line) and L,,,, (red line).
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Table 1. Characteristics of patients and FlAs.

Characteristics

Age, mean £ SD 53.3x11.7
Male, N (%) 88 (75.2)
Hypertension, N (%) 64 (54.7)
Hyperlipidemia, N (%) 41 (35.0)
Diabetes, N (%) 11 (9.4)
Smoking status, N (%)

Never smoking 52 (44.4)

Current smoking 45 (38.5)

Former smoking 20 (17.1)
Location, N (%)

Anterior circulation 18 (15.4)
Posterior circulation 99 (84.6)
CR.tatk-max» Mean = SD 0.87£0.29
AER,,,, mean £SD 0.98 £0.64
AEl..,, mean =SD 0.94 +0.61
CRaalk-average: MeaN = S0 0.71+0.22
AER, erages mean =50 0.7=0.54
AEL erage, Mean = SD 0.71=0.51

Aspirin use, N (%) 19 (16.2)
Doy (Mm]) 8.83=3.15
L nax (mm) 18.03 +10.65

AEI, aneurysm enhancement index; AER, aneurysm
enhancement ratio; CR, contrast ratio; CR,,, aneurysm-
to-pituitary stalk contrast ratio; SO, standard deviation.

compared with both dolichoectatic- and fusiform-
type FIAs.

In multivariate analysis, dolichoectatic-type FIAs
showed higher L_, over fusiform-type FIA
(OR=1.260, p<0.001). Transitional-type FIAs
showed higher L, (OR=1.274, »<0.001),
higher rates of hypertension (OR=53.700,
p»=0.004), and tended to have higher rates of
mural thrombus (OR=5.698, »p=0.095) over

fusiform-type FIAs. In addition, transitional-type

FIAs showed higher rates of hypertension
(OR=19.411, p=0.026) and higher rates of
mural thrombus (OR=8.146, p=0.040) over
dolichoectatic-type FIAs.

Discussion

Poor natural history?! and high mortality and mor-
bidity rates by clinical treatment (e.g. surgical clip-
ping, bypass, or endovascular treatment)?> put a
dilemma for patients of whether to choose con-
servative treatment or aggressive intervention,
especially for those patients without clear clinical
symptoms. Furthermore, insufficient understand-
ing of the intricate pathophysiology processes of
FIAs may impede an effective clinical management
strategy. Recently, AWE, manifested aneurysm
wall pathology, has emerged as a new imaging bio-
marker of IA instability.26 Thus, a standardized
method of AWE quantification may facilitate FIA
stability prediction and delineate the borderline
cases that need intervention. Moreover, investiga-
tions of the influence factors of AWE and FIA
types may help to understand FIA pathophysiol-
ogy and contribute to clinical management.

In the present study, we found CR .. 1S the
most reliable AWE quantitative parameter in dis-
tinguishing aneurysm symptoms, with a cut-off
value of 0.90. Then, AWE was defined as
CR, . jmax = 0.90. We found that the independ-
ent predictors of AWE and CR ;. ... may include
D,,.., aneurysm symptoms, aspirin use, and pos-
terior circulation aneurysm. Transitional-type
FIAs showed higher rates of hypertension and
mural thrombus over both dolichoectatic- and
fusiform-type FIAs.

Standardized AWE parameters in FIAs

Qualitative and quantitative studies of AWE have
been performed in the context of SIAs.16-18 To
identify the most reliable AWE parameters to dis-
tinguish unstable SIAs, Roa ez al. compared three
different AWE parameters (CR,,,, AER, and
AEI). They found that CR,;, with a maximum SI
had the highest sensitivity in discriminating unsta-
ble SIAs, with a cut-off value of 0.60.17 Recently,
AWE of FIAs has received much attention.%11-20
Liu er al. investigated AWE of SIAs and FIAs
using 7.0-T HR-MRI. They found that compared
with SIAs, FIAs had a stronger enhancement pat-
tern, a higher enhancement grade, and a higher
enhancement ratio (ER), which corresponds to
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1.0 2] —CRstalk-max AUC= 0.697
Z — CRstalk-average AUC=0.675
i — AEImax AUC= 0.624
/’ — AElIaverage AUC=0.622
— AERmax AUC=0.613

0.8

0.6

Sensitivity

o
i

0.2

I I
0.4 0.6

1 - Specificity

0.8 1.0

Figure 5. ROC curves for CRy,umax AERmax AEIa CRaik-averager @Nd AEleraqe With AUC values of 0.697, 0.675,

0.624,0.622, and 0.613, respectively.

CR,,, in the current study.® In their study, the
average maximum ER and mean ER values in
FIAs were 1.42 and 0.96, respectively. Cao ez al.2°
investigated the AWE characteristics of non-sac-
cular aneurysms in the basilar and vertebral arter-
ies. They found that ER was an independent
predictor of aneurysm symptoms, with a cut-off
value of 0.82. However, related studies on AWE
quantification in FIAs are still limited.
Furthermore, the cut-off value for AWE, which
can differentiate unstable FIAs, is still unclear.
Roa ez al.17 defined those unruptured SIAs =7 mm
in certain locations (e.g. anterior communicating,
posterior communicating, and basilar arteries) as
unstable. In the current study, unstable FIAs
were defined as certain symptoms (sentinel head-
ache and oculomotor nerve palsy), since they are
reportedly strongly indicative of aneurysm insta-
bility.!® Therefore, we compared CR_,,, AER,
and AEI with the maximum and mean SI in their
ability to distinguish aneurysm symptoms. We
found that CR,;, with a maximum SI (CR,,._
max) had the highest accuracy in identifying symp-
tomatic FIAs, with a cut-off value of 0.90. Thus,
CR, . jmax (=0.90) may also have the potential to

distinguish unstable FIAs. For example, an FIA
with CRy . =0.90 (especially for those
patients with unspecific symptoms) may indicate
unstable and require clinical evaluation or further
intervention. In addition, the pathophysiology of
IAs includes the interaction between morphol-
ogy, hemodynamics, and aneurysm inflamma-
tion.10:27 Hence, in future studies, we consider
AWE could be combined with the current risk
factors of IA instability (e.g. symptom, aneurysm
size) to establish a comprehensive evaluation
model for IA stability.

Risk factors for AWE and CR, . mayx Of FIAS

On the basis of the cut-off value of 0.90, param-
eter of AWE was divided into AWE and non-
AWE. D_,., aspirin use, and aneurysm symptoms
were independent predictors of AWE in FIAs. A
previous study demonstrated the association
between AWE and D, .2° Moreover, AWE cor-
related with aneurysm growth in several previous
studies and tended to be greater when close to the
SIA neck.?830 D__ represents the most obvious
expansion of the cross-sectional plane; thus, this
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Table 2. Uni- and multivariate analyses using CR

=0.90 as the cut-off for aneurysmal wall

stalk-max

enhancement.
Variables Univariate Multivariate

OR (95% Cl) p value OR (95% CI) p value

Age - 0.140 0.998 (0.957-1.040) 0.910
Male 0.929 (0.397-2.175) 1.000 - =
Aneurysm symptoms 3.525(1.631-7.618) 0.001 3.754 (0.129-0.680) 0.003*
Hypertension 0.952 (0.456-1.986) 1.000 - -
Hyperlipidemia 0.489 (0.221-1.086) 0.083 0.510 (0.202-1.284]) 0.153
Diabetes 0.269 (0.055-1.303) 0.113 0.428 (0.068-2.708) 0.367
Coronary artery disease 0.238 (0.050-1.137) 0.068 0.576 (0.076-4.354) 0.593
Stroke history 0.830 (0.349-1.973) 0.827 - -
Atherosclerosis 2.642 (1.242-5.620) 0.014 1.770 (0.637-4.922) 0.274
Mural thrombus 2.152 (0.997-4.644) 0.054 2.284(0.922-5.657) 0.074
Current smoking 1.742 (0.819-3.705) 0.180 1.4472 (0.568-3.685) 0.438
Aspirin use 0.301 (0.093-0.973) 0.044 0.248 (0.067-0.919) 0.037*
FIA types - 0.027 1.306 (0.654-2.610) 0.450
D... - 0.003 1.171 (1.005-1.365) 0.043*
Lo - 0.003 1.009 (0.949-1.073) 0.771
Posterior circulation 3.038 (0.934-9.879) 0.071 3.050 (0.847-10.982) 0.088

Cl, confidence interval; CR,,, aneurysm-to-pituitary stalk contrast ratio; OR, odds ratio.

“Statistically significant.

plane tends to have stronger AWE. Therefore, it
is more inclined to grow. L ., based on the 3D
vessel model and centerline extraction, was used
to define the length of the culprit vessel. L was
not an independent predictor of AWE in this
study, possibly due to the heterogeneity in AWE
in different areas of the involved aneurysm seg-
ment.?8 Although D, and L, tended to be
positively associated with CR, . (1:=0.507,
»<<0.001; r, = 0.295, p=0.001, respectively),
both of them were not the independent predictors
of CR,max- Thus, the associations between
aneurysm morphology and AWE in FIAs need
to be further verified. Aneurysm symptoms
were independent predictors of both AWE and
CR, . In FIAs. Such associations between
them have been reported previously.!%20 Anti-
inflammatory drugs, such as aspirin, are associ-
ated with a decrease in AWE in SIAs.!7 In the

current study, aspirin use was the independent
predictor of AWE in FIAs. Aspirin is beneficial in
resisting the inflammatory microenvironment in
the aneurysm wall through its ability to inhibit
COX-2 activity, which is involved in aneurysm
pathogenesis and progression.!”-31 Considering
aspirin use has been reported to be associated
with a decreased risk of aneurysm growth in
SIAs,32:33 it may also have the potential to decrease
the growth rate of FIAs. However, aspirin use was
not the independent predictor of CR i .- I
fact, only 19 patients (16.2%) had a history of
aspirin use in the recent 6 months or longer,
which may limit the results compared with a
recent study in which a high proportion of patients
(52.7%) used aspirin.!” Other risk factors (e.g.
mural thrombus, posterior circulation, athero-
sclerosis) also tended to be associated with AWE
(or CR,jma) 1In FIAs although did not reach
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Table 3. Risk factors associated with CR,-

Variables

Univariate analysis  Multivariate analysis

(R2=0.374, p<0.001)

Beta p value Beta p value
Demographic data
Age, years -0.006 0.952 - -
Male patients, N (%) 0.029 0.754 - -
Risk factors
Hypertension 0.029 0.755 - -
Diabetes -0.178 0.055 -0.091  0.265
Hyperlipidemia -0.145 0.118 -0.122  0.137
Current smoker 0.151 0.105 0.052  0.526
Aspirin use -0.151 0.103 -0.154  0.062
Cardiovascular disease  -0.084 0.366 - -
History of stroke -0.058 0.535 - -
Aneurysm symptoms 0.333 <0.001* 0.254  0.003*
Posterior circulation 0.325 <0.001* 0.273  0.001*
Diaxe MM 0.280 0.002* 0.031  0.750
L pae MM 0.319 <0.001* 0.123  0.206
Mural thrombus, N (%) 0.266 0.004* 0.142  0.128
Atherosclerosis 0.353 <0.001* 0.184  0.063

CR, contrast ratio CR,,, aneurysm-to-pituitary stalk contrast ratio.

*p<0.05.

statistical significance, larger cohorts are needed
to investigate and validate such risk factors.

Risk factors for FIA types

Compared with SIAs, FIAs have a different patho-
genesis and tend to involve the entire artery.!!
Flemming er al.® made a simple classification for
FIA types (fusiform, dolichoectatic, and transi-
tional) based on the extent of dilatation and the
involved artery. Because of limited studies on
FIAs, the potential risk factors that differentiate
the types of FIA are still unclear. Nasr ez al. per-
formed a subgroup analysis of FIA types. They
found significant differences in maximum diame-
ter and mural thrombus between the three FIA
types.2! Compared with their study, HR-MRI was

used in the present study to present the character-
istics of aneurysm wall vasculopathy and aneu-
rysm  morphology, which revealed that
transitional-type FIAs had higher rates of hyper-
tension and mural thrombus than both dolichoe-
ctatic- and fusiform-type FIAs (Table 4).
Hypertension has long been considered an inde-
pendent predictor of IAs.3* This all revealed that
hypertension may facilitate the evolution of FIAs
to a more complex type (transitional-type). Mural
thrombus also occurred more often in transitional-
type FIAs than in the other two FIA types. Mural
thrombus, which manifests the processes of neo-
vascularization in the inner aneurysmal wall or
vasa vasorum in the outer aneurysmal wall,83> was
reported to be a predictor of FIA growth.2!
Therefore, FIA patients with hypertension need
more close blood pressure monitoring.?¢ In addi-
tion, on the basis of the 3D vessel model, L,
tended to be longer in dolichoectatic- and transi-
tional-type FIAs than in fusiform-type FIAs
(Table 4), which revealed that more complex
types of FIAs tend to involve more areas of the
culprit artery. Still, longitudinal follow-up studies
based on HR-MRI with larger sample sizes are
needed to investigate the differences in progres-
sion between the three types of FIA.

The findings of this study have several clinical
implications. First, CR_ ;... could serve as a
new imaging biomarker of FIA symptoms (senti-
nel headache and oculomotor nerve palsy) for
patient screening. Second, an FIA with CR_ .«
of =0.90 may indicate the FIA is unstable, espe-
cially for patients with unclear clinical symptoms
and hard to assess the FIA stability. Third, FIA
patients with hypertension need close monitoring
and management of hypertension. Finally, anti-
inflammatory drugs (e.g. aspirin) may have the
potential to decrease AWE and therefore inhibit
FIA progression further.

Strengths and limitations

To our knowledge, this is the first study to quan-
titatively evaluate the ability of AWE to discrimi-
nate aneurysm symptoms in a large cohort of
patients with FIAs based on HR-MRI. In addi-
tion, the risk factors for AWE and FIA types were
also investigated. To eliminate the heterogeneity
between the three types of FIA to the greatest
possible extent, dissecting aneurysms were
excluded from the current study, which was in
accordance with a previous study.?! However, the
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present study had several limitations. First, this is
a retrospective study. Second, HR-MRI images
were exported from three different 3.0-T MRI
machines, although the inherent parameters were
adjusted to ensure consistency. In addition, the
voxel size is 0.7 mm, which is oversized for most
of the aneurysmal walls. Third, this study is lack-
ing in histologic verification. Fourth, further fol-
low-up studies with larger sample sizes are needed
to make more intergroup comparisons. In the
future, considering the relatively low sensitivity
and specificity of predicting AWE in the current
study, more accurate methods, such as 3D space
technology, are needed to quantify AWE.

Conclusion

CR,jmax Mmay be the most reliable parameter of
AWE quantification to distinguish symptomatic
FIAs, thus, it also has the potential to distinguish
unstable FIAs. Predictors of AWE in FIAs may
include D, ., aneurysm symptoms, aspirin use,
and posterior circulation aneurysm. Transitional-
type FIAs showed higher rates of hypertension
and mural thrombus over both dolichoectatic-
and fusiform-type FIAs. Moreover, longitudinal
follow-up studies based on HR-MRI with larger
sample sizes are needed to further understand the
physiological mechanisms of FIAs.
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