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Objective: Thickened intracranial aneurysm wall with atherosclerotic remodeling is
a part of its degenerative scenario. Current magnetic resonance (MR)-vessel wall
imaging enables the detection of atherosclerotic wall thickening as aneurysm wall
enhancement. The purpose of this study was to examine the correlation between
identified atherosclerotic remodeling in vessel wall imaging, and systemic athero-
sclerosis-related risk factors. Methods: A total of 39 aneurysms in 38 consecutive
patients scheduled to undergo microsurgical clipping or endovascular coiling of
intracranial aneurysms were prospectively evaluated. All patients underwent aneu-
rysm MR-vessel wall imaging and the presence of aneurysm wall enhancement on
contrast-enhanced vessel wall imaging was evaluated. The relationship between
aneurysm wall enhancement and patient demographic data, aneurysm morphology
and atherosclerosis-related risk factors including blood laboratory data were
assessed. Results: Aneurysm wall enhancement was detected in 19 of 39 intracranial
aneurysms (48.7%). The maximum diameter of the intracranial aneurysm (P < .01),
apolipoprotein A2 (P< .01) and apolipoprotein C2 (P = .01) was significantly associ-
ated with the presence of aneurysm wall enhancement. In multivariate logistic
regression analyses, the maximum diameter of the intracranial aneurysm (odds
ratio: 1.67, 95% confidence interval: 1.17-3.05) and decreased apolipoprotein A2
(odds ratio: 0.62, 95% confidence interval: 0.34-0.97) was significantly correlated
with aneurysm wall enhancement. Conclusions: Rather than atherosclerotic factors,
antiatherogenic proteins reduction was associated with aneurysm wall enhance-
ment in vessel wall imaging. To elucidate antiatherogenic factors might to help find
out promoting factor of unruptured intracranial aneurysms instability.
TaggedPKey Words: Atherosclerosis—dyslipidemia—intracranial aneurysm—vessel wall
imaging—wall enhancement TaggedEnd
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TaggedH1IntroductionTaggedEnd

TaggedPIntracranial aneurysm (IA) is a common vascular
abnormality and detected in 0.5%-2% in imaging stud-
ies.1,2 Recent biological studies clarified that inflammation
of the IA wall is associated with a fragile vasa vasorum
and atherosclerosis.3,4 Since intracranial arteries lack a
vasa vasorum at birth, atherosclerotic change may play
an important role in IAs. As reported in previous patho-
logical studies on IAs, atherosclerotic remodeling of the
aneurysm wall is not a rare pathological feature in saccu-
lar IA.5,6 Diffuse intimal thickening and inflammatory
cells were observed in small aneurysms, whereas
advanced atherosclerotic lesions were found in large
aneurysms.7 These studies suggested that the aneurysm
wall thickens during its growth process with
2019: pp 2221�2227 2221
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atherosclerotic remodeling. Previously, several studies
reported the relationship between the serum levels of dys-
lipidemia-related proteins and IA, and showed elevated
serum levels of lipoprotein(a) (Lp(a)) or low-density lipo-
protein (LDL) was suspected factors with the presence of
IAs.8-11 However, the correlation between atherosclerotic
change in IA wall and systemic atherosclerosis related fac-
tors, especially the serum levels of dyslipidemia-related
proteins, has not been explored. TaggedEnd
TaggedPCurrent advanced imaging techniques, such as mag-

netic resonance (MR)-vessel wall imaging (VWI), enable
visualization of the thickened aneurysm wall with thick-
ened atherosclerosis, inflammation and neovasculariza-
tion as aneurysm wall enhancement (AWE).12,13 It is of
interest hypothesis that AWE might be a novel imaging
biomarker to be highly indicative of an unstable IA.12,13

Unruptured IAs with AWE were found to be associated
with the clinical scoring system as PHASES14 for unstable
IA.15 The purpose of this study was to explore the correla-
tion between atherosclerotic wall degeneration detected
by VWI and atherosclerosis-related risk factors based on
the hypothesis that dyslipidemia-related proteins are
associated with atherosclerotic degeneration of IA walls. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedH2Patients TaggedEnd

TaggedPThis study was approved by the local university institu-
tional review board and all patients provided written con-
sent before the examination. Patients with one or more
unruptured IAs scheduled to undergo microsurgical clip-
ping or endovascular coiling between May 2017 and
August 2018 were prospectively investigated. Patients
who could not undergo magnetic resonance (MR) imag-
ing or could not use contrast-material because of renal
dysfunction or a history of allergy to contrast media were
excluded in this study. TaggedEnd
TaggedH2MR Acquisition TaggedEnd

TaggedPAll patients underwent 3T-MRI (Vantage Titan, Canon
Medical Systems, Tokyo, Japan or Ingenia CX, Philips
Healthcare, Best, the Netherlands) before the surgery. The
protocol for MRI included 3D time-of-flight MR angiogra-
phy (MRA), and pre- and postcontrast T1-weighted 3D
black-blood fast-spin-echo high resolution MR imaging
(Multi Planar Voxel: MPV by Titan, a turbo spin-echo-based
motion-sensitized driven-equilibrium sequence acquisition:
motion-sensitized driven-equilibrium by Ingenia CX). 3D
time-of-flight MRA was performed first for localization of
subsequent scans. Images were generated using the maxi-
mum intensity projection. The parameters for the sequences
for Titan were as follows: TR/TE 500/16.5 millisecondss,
field of view (FOV) = 240£ 240 mm2, acquired
matrix = 256£ 192 and slice thickness = 0.9 mm. Those for
Ingenia CX were as follows: TR/TE 400/13 milliseconds,
FOV= 220£ 220 mm2, acquired matrix = 224£ 175 and
slice thickness = 1.0 mm. After an intravenous injection of
Gd-BT-DO3A (Gadovist, Bayer Schering Pharma, Berlin,
Germany) at 0.1 mmol/kg, scanning was performed in the
sagittal plane. The total acquisition time was 5 minutes and
52 seconds per sequence for Titan, and 4 minutes and 42
seconds for Ingenia CX.TaggedEnd

TaggedH2Image Analysis and Detection of AWETaggedEnd

TaggedPAneurysm maximum size, location, and irregularity
such as a bleb formation were evaluated by digital sub-
traction angiography before treatment. Two blinded
reviewers evaluated the VWI findings. The maximum
intensity projection was constructed in axial, coronal, and
sagittal views to identify the AWE. Aneurysm walls were
evaluated with reference to the vessel anatomy shown by
TOF MRA. The presence and pattern of AWE was evalu-
ated as circumferentially or partially. TaggedEnd

TaggedH2Risk Factors for Atherosclerosis TaggedEnd

TaggedPPatient history associated with the risk factors for ath-
erosclerosis, such as hypertension, diabetes mellitus, dys-
lipidemia, and current smoking, were investigated.
Current statin prescription was also evaluated. TaggedEnd

TaggedH2Blood Examination Including Dyslipidemia-related
Proteins TaggedEnd

TaggedPAll patients had blood examinations within 3 days
before the surgery under fasting conditions for over
10 hours. The serum levels of dyslipidemia-related pro-
teins, such as total cholesterol, high-density lipoprotein
(HDL), LDL, oxidized LDL, triglycerides, apolipoprotein
(Apo) A1, A2, B, C2, C3, and E, remnant-like lipoprotein
particle, Lp(a), dihomo-g-linolenic acid, arachidonic acid
(AA), eicosapentaenoic acid, and docosahexaenoic acid
were measured, and LDL/HDL, non-HDL, Friedewald
LDL and eicosapentaenoic acid/AA were calculated. In
addition, the serum levels of fasting blood sugar, hemo-
globin A1c, and uric acid were also measured. TaggedEnd

TaggedH2Statistical Analyses TaggedEnd

TaggedPAll statistical analyses were performed using JMP ver-
sion 10.0 (SAS Institute, Cary, NC). Values are presented
as the mean § SD. Categorical variables were compared
by the Fisher exact probability test. Continuous variables
with normal distributions were analyzed by the Student’s
t test and those with non-normal distributions were ana-
lyzed by the Mann-Whitney U test. Univariate and multi-
variate logistic regression modeling analyses were
utilized to investigate factors associated with VWI find-
ings. All variables with a P value less than 0.10 in the uni-
variate analyses were included in the multivariate logistic
regression analysis to evaluate the independent factors for
the detection of AWE. Intraclass correlation coefficient
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was calculated to assess the inter-rater reliability of AWE.
Significance was defined as a P value less than .05.TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2Patient Demographics and Characteristics of IA TaggedEnd

TaggedPA total of 38 consecutive patients with 39 unruptured
IAs were recruited. Nine patients with 9 unruptured IAs
were excluded according to the criteria. VWI was per-
formed for 8 aneurysms using Titan and 31 using Ingenia
CX. Microsurgical clipping and endovascular coiling were
performed for 7 and 32 aneurysms, respectively. All
patients were examined and treated without any adverse
events. Twenty aneurysms were located in the internal
carotid artery, 7 in the anterior cerebral artery, 8 in the
middle cerebral artery, and 4 in the posterior circulation.
The mean maximum diameter was 7.7 § 5.8 mm. Irregu-
lar morphology, such as a bleb formation, was detected in
15 aneurysms. Patient demographics and characteristics
of IAs are summarized in Table 1.TaggedEnd
TaggedH2Visualization of AWETaggedEnd

TaggedPIn total, AWE was detected in 19 (48.7%), of which it
was visualized partially in 15 (78.9%) and circumferen-
tially in 4 (21.1%). The intraclass correlation coefficient for
the inter-rater reliability of AWE was excellent; 0.94. Rep-
resentative case of AWE with the intraoperative findings
was described in Figure 1. TaggedEnd
TaggedH2Factors Associated with the Visualization of AWETaggedEnd

TaggedPThe relationships between the presence of AWE and
morphological characteristics of IA, risk factors for athero-
sclerosis and blood examinations, including dyslipidemia-
TaggedEnd Table 1. Patient demographics and IA characteristics

Characteristics Value

Patients

Age § SD (range), y 67.1 § 10.0 (43-83)

Female Sex, n (%) 28 (71.8%)

Aneurysms

ICA, n (%) 20 (51.3%)

ACA, n (%) 7 (17.9%)

MCA, n (%) 8 (20.5%)

Posterior circulation, n (%) 4 (10.3%)

Maximum diameter, mean §
SD (mm)

7.7 § 5.8

Irregularity, n (%) 15 (38.5%)

AWE, n (%) 19 (48.7%)

Procedures

Microsurgical clipping, n (%) 7 (17.9%)

Endovascular coiling, n (%) 32 (82.1%)

Abbreviations: ACA, anterior cerebral artery; AWE, aneurysm

wall enhancement; IA, intracranial aneurysm; ICA, internal carotid

artery; MCA, middle cerebral artery; SD, standard deviation
related proteins, are summarized in Table 2. The maxi-
mum diameter of the IA was significantly larger (P < .01),
and the levels of Apo A2 and Apo C2 were significantly
lower (P < .01 and = .01) for AWE. Moreover, the levels of
Apo C3, Lp(a) and AA were slightly lower (P = .07, .06,
and .05) for AWE. In the multivariate logistic regression
analysis, using all these variables, the maximum diameter
of the IA (P < .01) and Apo A2 (P = .04) were significantly
correlated with AWE (Table 3). The cut-off values of the
serum levels of Apo A2 using receiver operating charac-
teristic curve analysis to maximize sensitivity and specific-
ity was 29.5 (area under the curve, 0.771; 95% confidence
interval, 0.57-0.89). The patients were divided into the 2
groups based on this cut-off value of Apo A2. The patients
with lower levels of Apo A2 were also significantly corre-
lated with the AWE (P < .01).TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPThis study demonstrated that the reduction of antia-
therogenic proteins is associated with VWI findings repre-
senting atherosclerotic remodeling of the IA wall. Recent
studies revealed that the inflammatory reaction in the IA
wall reflects IA formation and rupture.3,5,16,17 Further-
more, the progression of atherosclerosis within the aneu-
rysmal sac correlated positively with aneurysmal growth
and rupture.7TaggedEnd
TaggedPIn the present study, the serum level of Apo A2 was sig-

nificantly associated with AWE. The serum level of Apo
A2 had positive correlation with those of HDL, Apo A1,
C2, C3, and AA (Table 4). Recent studies suggested the
correlation between HDL associated factors and aneurys-
mal rupture.9,18 On the contrary, present study indicated
the serum level of HDL had no significant correlation
with AWE. On the one hand, the use of stains may have
an effect on the values of dyslipidemia-related proteins.
On the other hand, Apo A2 as a subpopulation of HDL
may have higher sensitivity to AWE than HDL. However,
further evaluation with a large number of sample size are
needed to prove the correlation between these atheroscle-
rotic factors and AWE. The difference of Apo A2 with or
without AWE was relatively small, as well as both aver-
ages of them were within normal range between 25.9 and
35.7 mg/dL. In the presented study, 15 (38.5%) patients
intake statins. The use of statin was not significantly asso-
ciated with AWE; however, it may affect the values of
dyslipidemia-related proteins. TaggedEnd
TaggedPApo A1 and A2 are 2 main subpopulations of HDL.19

The antiatherogenic properties of Apo A1 are well-
known; however, whether Apo A2 has such properties is
controversial. Previously, a prospective study reported a
strong inverse relationship between serum Apo A2 levels
and the risk of future cardiovascular disease events.20

After adjustment for cardiovascular risk factors, including
HDL cholesterol and Apo A1, increased Apo A2 levels
remained associated with a lower risk of future
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Figure 1. Vessel wall imaging of an intracranial aneurysm. The 3D rotational left internal carotid angiogram indicated the left middle cerebral artery aneurysm
(A). Native (B, C, D) and contrast-enhanced (E, F, G) vessel wall images were constructed in axial (B, E), coronal (C, F), and sagittal (D, G) views. Aneurysm
wall enhancement was partially detected after injecting the contrast media (arrowhead). During the operation (H), an atherosclerotic change on the aneurysmal
wall was detected (arrow). TaggedEnd

TaggedEnd2224 D. ISHII ET AL.
cardiovascular disease events.20 In addition, human stud-
ies found that the incidence of cerebrovascular disease is
higher in subjects with lower serum Apo A2 levels.20,21

On the contrary, another recent study reported that Apo
A2 may have both antiatherogenic and proatherogenic
properties.22 These studies suggested that the serum level
of Apo A2 is inversely related with the extent of systemic
atherosclerosis, and may be significantly associated with
the risk of cardiovascular and cerebrovascular diseases.
On the other hand, the plasma levels of total cholesterol,
HDL, LDL, and triglycerides were not associated with
immunohistochemical findings, inflammatory reactions,



TaggedEnd Table 2. Factors associated with AWE

AWE (+) (n = 19) AWE (¡) (n = 20) P value

Demographic data

Mean age, years 69.5 § 10.0 64.9 § 9.6 .13

Female sex, n (%) 15 (79.0%) 13 (65.0%) .33

Risk factors

Hypertension, n (%) 12 (63.2%) 10 (50.0%) .41

Diabetes mellitus, n (%) 4 (21.1%) 2 (10.0%) .34

Dyslipidemia, n (%) 6 (31.6%) 9 (45.0%) .39

Statin, n (%) 8 (31.6%) 9 (45.0%) .39

Current smoker, n (%) 5 (26.3%) 5 (25.0%) .93

Aneurysm morphology

Maximum diameter, mean § SD (mm) 10.5 § 7.1 5.1 § 2.1 <.01*

Irregularity, n (%) 8 (42.1%) 7 (38.5%) .65

Blood examinations, mean § SD

T-cho (mg/dL) 197.5 § 30.7 217.5 § 45.1 .11

HDL (mg/dL) 56.5 § 13.7 62.1 § 18.9 .29

LDL (mg/dL) 122.9 § 26.3 132.0 § 44.8 .44

oxLDL (U/L) 114.0 § 37.4 109.1 § 36.2 .67

LDL/HDL 2.3 § 0.7 2.4 § 1.1 .77

non-HDL (mg/dL) 141.0 § 27.3 155.5 § 52.1 .27

fLDL (mg/dL) 118.2 § 26.6 126.5 § 43.4 .47

TG (mg/dL) 113.9 § 38.9 145.3 § 91.9 .15

FBS (mg/dL) 105.9 § 16.1 112.4 § 53.9 .60

HgbA1c (%) 6.1 § 0.8 6.0 § 0.8 .68

UA (mg/dL) 5.0 § 1.0 5.2 § 1.4 .56

Apo A1 (mg/dL) 131.1 § 18.7 139.5 § 21.4 .19

Apo A2 (mg/dL) 26.8 § 2.0 29.8 § 3.4 <.01*

Apo B (mg/dL) 88.9 § 16.0 90.9 § 26.3 .77

Apo C2 (mg/dL) 3.9 § 1.5 5.6 § 2.5 .01*

Apo C3 (mg/dL) 8.9 § 2.4 10.6 § 3.6 .07

Apo E (mg/dL) 3.6 § 0.9 3.6 § 1.1 .96

RLP (mg/dL) 5.8 § 2.4 7.9 § 5.8 .14

LP(a) (mg/dL) 11.9 §12.0 23.8 § 26.5 .06

DHLA (mg/mL) 39.1 § 9.9 39.6 § 12.1 .91

AA (mg/mL) 180.7 § 37.3 213.4 § 63.7 .05

EPA (mg/mL) 76.9 § 66.4 70.5 § 58.3 .75

DHA (mg/mL) 137.6 § 49.4 137.4 § 40.5 .99

EPA/AA 0.4 § 0.4 0.4 § 0.3 .42

Abbreviations: AA, arachidonic acid; Apo, apolipoprotein; AWE, aneurysm wall enhancement; DHA, docosahexaenoic acid; DHLA,

dihomo-g-linolenic acid; EPA, eicosapentaenoic acid; FBS, fasting blood sugar; HgbA1c, hemoglobin A1c; HDL, high-density lipoprotein;

LDL, low-density lipoprotein; LP(a), lipoprotein(a); oxLDL, oxidized LDL; RLP, remnant-like lipoprotein particle; T-cho, total cholesterol;

TG, triglycerides; UA, uric acid

*Significant.
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or degradation of IA walls.23 In the present study, the
serum level of Apo A2 was one independent factor associ-
ated with AWE. However, the contribution of systemic
atherosclerosis to local atherosclerotic remodeling of the
aneurysm wall remains unclear because of the lack of his-
tological examinations in this study. At this moment, the
efficacy of antiatherogenic agents, such as statins to
stabilize the IA remains controversial. Currently, anti-
inflammatory agents, such as aspirin, are considered to
reduce the incidence of IA rupture.24 TaggedEnd
TaggedPIn this study, the maximum diameter of the IA was sig-

nificantly associated with visualization of AWE. There
was no significant correlation between the serum level of
Apo A2 and the maximum diameter of the IA. As for the
pathological characteristics of IAs, the aneurysmal size
paralleled the grade of the atherosclerotic lesion within
the sac.7 Advanced plaques with accumulation of alternat-
ing layers of mature smooth muscle cells and macro-
phages were found.7 Furthermore, infiltrating leukocytes,
mainly T-cells and macrophages, stimulated smooth mus-
cle cell proliferation in areas of vascular wall thickening.25

These studies suggested that the aneurysm wall is thick-
ened and/or inflamed due to atherosclerotic remodeling
with growth. This thickened and inflamed wall was



TaggedEnd Table 3. Multivariate analyses for factors associated with

detectable AWE

AWE

95% CI

Variable OR Lower Upper P value

Maximum diameter 1.67 1.17 3.05 <.01*

Apo A2 0.62 0.34 0.97 .04*

Apo C2 0.96 0.36 2.42 .93

Apo C3 1.11 0.55 2.42 .77

LP(a) 1.00 0.93 1.06 .96

AA 0.99 0.96 1.01 .27

Abbreviations: AA, arachnidonic acid; Apo, apolipoprotein;

AWE, aneurysm wall enhancement; CI, confidence interval; Lp

(a), lipoprotein(a); OR, odds ratio

*Significant.

TaggedEnd2226 D. ISHII ET AL.
detected as AWE on contrast-enhanced VWI. Thus, the
maximum diameter of IA correlates with AWE. TaggedEnd
TaggedPFr€osen et al26 classified IA walls according to histological

changes and found that mostly normal IA walls had the
lowest rupture risk, and the rupture risk gradually
increased for thickened walls with disorganized smooth
muscle cells, hypocellular walls with either myointimal
hyperplasia or organizing luminal thrombosis and
extremely thin thrombosis-lined hypocellular walls.
Recently, the association between unstable IA including
ruptured one and AWE had been reported; however, most
of them were devoid of histological examinations.27-29

Recent histological examinations of unruptured IAs
revealed that thickening vessel walls involving macro-
phages infiltration were commonly observed in IA-tissues
with AWE.30-32 On the contrary, histopathologic findings of
aneurysm wall without AWE remains controversial;
retained or losing mural cellularity.30,31 Actually, IA wall
thinning and hemodynamics have a potential effect on the
progress of aneurysm expansion and rupture.26,33 There-
fore, interpretation of thin aneurysmal walls without AWE
should be carefully discussed. Thickened wall structure
could be detected by VWI; however, it remains controversy
if AWE could work as potential imaging marker to identify
prone to rupture aneurysms.30,31,34,35TaggedEnd
TaggedEnd Table 4. Correlation between the serum level of Apo A2 and

those of HDL, ApoA1, C2, C3, and AA

Variable R2 P value

HDL 0.20 <.01*

Apo A1 0.32 <.01*

Apo C2 0.44 <.01*

Apo C3 0.30 <.01*

AA 0.24 <.01*

Abbreviations: AA, arachnidonic acid; Apo, apolipoprotein;

HDL, high-density lipoprotein; R2, coefficient of determination

*Significant.
TaggedPThis study has some limitations. First, the presented
preliminary study was performed at a single center with a
small sample size. Samples included only patients who
underwent treatment, thus there was a bias that the
majority of patients harboring small aneurysms were not
included. This selection bias may have contributed to the
detection of AWE. For further evaluation, a study involv-
ing a greater number of patients is needed. Second, VWI
was performed using 2 different pieces of MR equipment.
This bias also may have affected the assessment of the
aneurysm status. Lastly, the assessment of blood exami-
nations could be affected by fasting condition. Therefore,
the blood sampling in this study was strictly performed
under fasting conditions, as compared with recent stud-
ies9,10 in which the timing of blood sampling was not uni-
form or not precisely described. Therefore, the present
study has a high accuracy and uniformity for the assess-
ment of blood examinations including dyslipidemia-
related proteins. TaggedEnd
TaggedH1ConclusionTaggedEnd

TaggedPDyslipidemia-related proteins were found to be associ-
ated with the visualization of IAs, specifically the pres-
ence of AWE on VWI. In future studies, elucidation of the
contribution of systemic atherosclerosis to the instability
of IAs is warranted. TaggedEnd
TaggedH1Conflict of InterestTaggedEnd

TaggedPThe authors declare that they have no conflicts of interest.TaggedEnd

TaggedH1ReferencesTaggedEnd

TaggedP 1. Winn HR, Jane Sr. JA, Taylor J, et al. Prevalence of
asymptomatic incidental aneurysms: review of 4568 arte-
riograms. J Neurosurg 2002;96:43-49. TaggedEnd

TaggedP 2. Atkinson JL, Sundt Jr. TM, Houser OW, et al. Angio-
graphic frequency of anterior circulation intracranial
aneurysms. J Neurosurg 1989;70:551-555.TaggedEnd

TaggedP 3. Aoki S, Shirouzu I, Sasaki Y, et al. Enhancement of the
intracranial arterial wall at MR imaging: relationship to
cerebral atherosclerosis. Radiology 1995;194:477-481. TaggedEnd

TaggedP 4. Frosen J, Tulamo R, Heikura T, et al. Lipid accumulation,
lipid oxidation, and low plasma levels of acquired anti-
bodies against oxidized lipids associate with degenera-
tion and rupture of the intracranial aneurysm wall. Acta
Neuropathol Commun 2013;1:71. TaggedEnd

TaggedP 5. Chalouhi N, Ali MS, Jabbour PM, et al. Biology of intra-
cranial aneurysms: role of inflammation. J Cereb Blood
Flow Metab 2012;32:1659-1676. TaggedEnd

TaggedP 6. Killer-Oberpfalzer M, Aichholzer M, Weis S, et al. Histo-
logical analysis of clipped human intracranial aneurysms
and parent arteries with short-term follow-up. Cardio-
vasc Pathol 2012;21:299-306. TaggedEnd

TaggedP 7. Kosierkiewicz TA, Factor SM, Dickson DW. Immunocy-
tochemical studies of atherosclerotic lesions of cerebral
berry aneurysms. J Neuropathol Exp Neurol 1994;53:399-
406. TaggedEnd

TaggedP 8. Phillips J, Roberts G, Bolger C, et al. Lipoprotein (a): a
potential biological marker for unruptured intracranial

http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0001
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0002
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0003
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0004
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0005
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0006
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0007
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0008


TaggedEndANTIATHEROGENIC PROTEIN ASSOCIATE WITH AWE IN VWI 2227
aneurysms. Neurosurgery 1997;40:1112-1115. discussion
5-7. TaggedEnd

TaggedP 9. Can A, Castro VM, Dligach D, et al. Lipid-lowering
agents and high HDL (High-Density Lipoprotein) are
inversely associated with intracranial aneurysm rupture.
Stroke 2018;49:1148-1154. TaggedEnd

TaggedP10. Sandvei MS, Lindekleiv H, Romundstad PR, et al. Risk
factors for aneurysmal subarachnoid hemorrhage - BMI
and serum lipids: 11-year follow-up of the HUNT and
the Tromso Study in Norway. Acta Neurol Scand
2012;125:382-388.TaggedEnd

TaggedP11. Leppala JM, Virtamo J, Fogelholm R, et al. Different risk
factors for different stroke subtypes: association of blood
pressure, cholesterol, and antioxidants. Stroke 1999;30:2535-
2540.TaggedEnd

TaggedP12. Hu P, Yang Q, Wang DD, et al. Wall enhancement on
high-resolution magnetic resonance imaging may predict
an unsteady state of an intracranial saccular aneurysm.
Neuroradiology 2016;58:979-985. TaggedEnd

TaggedP13. Edjlali M, Gentric JC, Regent-Rodriguez C, et al. Does
aneurysmal wall enhancement on vessel wall MRI help
to distinguish stable from unstable intracranial aneur-
ysms? Stroke 2014;45:3704-3706. TaggedEnd

TaggedP14. Greving JP, Wermer MJ, Brown Jr. RD, et al. Develop-
ment of the PHASES score for prediction of risk of rup-
ture of intracranial aneurysms: a pooled analysis of six
prospective cohort studies. Lancet Neurol 2014;13:59-66. TaggedEnd

TaggedP15. Signorelli F, Pailler-Mattei C, Gory B, et al. Biomechanical
characterization of intracranial aneurysm wall: a multi-
scale study. World Neurosurg 2018;119:e882-e889. TaggedEnd

TaggedP16. Chalouhi N, Hoh BL, Hasan D. Review of cerebral aneu-
rysm formation, growth, and rupture. Stroke 2013;44:
3613-3622.TaggedEnd

TaggedP17. Iihara K, Murao K, Sakai N, et al. Continued growth of
and increased symptoms from a thrombosed giant aneu-
rysm of the vertebral artery after complete endovascular
occlusion and trapping: the role of vasa vasorum. Case
report. J Neurosurg 2003;98:407-413. TaggedEnd

TaggedP18. Huang Q, Shang-Guan HC, Wu SY, et al. High-density
lipoprotein is associated with progression of intracranial
aneurysms. World Neurosurg 2018;120:e234-e240. TaggedEnd

TaggedP19. Cheung MC, Albers JJ. Characterization of lipoprotein
particles isolated by immunoaffinity chromatography.
Particles containing A-I and A-II and particles containing
A-I but no A-II. J Biol Chem 1984;259:12201-12209. TaggedEnd

TaggedP20. Birjmohun RS, Dallinga-Thie GM, Kuivenhoven JA, et al.
Apolipoprotein A-II is inversely associated with risk of
future coronary artery disease. Circulation 2007;116:2029-
2035.TaggedEnd

TaggedP21. Roselli della Rovere G, Lapolla A, Sartore G, et al. Plasma
lipoproteins, apoproteins and cardiovascular disease in
type 2 diabetic patients. A nine-year follow-up study.
Nutr Metab Cardiovasc Dis 2003;13:46-51. TaggedEnd

TaggedP22. Yi DW, Jeong DW, Lee SY. The association between apo-
lipoprotein A-II and metabolic syndrome in Korean
Adults: a comparison study of apolipoprotein A-I and
apolipoprotein B. Diabetes Metab J 2012;36:56-63. TaggedEnd

Ta ggedP23. Ollikainen E, Tulamo R, Lehti S, et al. Smooth muscle cell
foam cell formation, apolipoproteins, and ABCA1 in
intracranial aneurysms: implications for lipid accumula-
tion as a promoter of aneurysm wall rupture. J Neuropa-
thol Exp Neurol 2016;75:689-699.TaggedEnd

TaggedP24. Chalouhi N, Atallah E, Jabbour P, et al. Aspirin for the
prevention of intracranial aneurysm rupture. Neurosur-
gery 2017;64:114-118. TaggedEnd

TaggedP25. Hansson GK, Libby P, Schonbeck U, et al. Innate and
adaptive immunity in the pathogenesis of atherosclerosis.
Circ Res 2002;91:281-291. TaggedEnd

TaggedP26. Frosen J, Piippo A, Paetau A, et al. Remodeling of saccu-
lar cerebral artery aneurysm wall is associated with rup-
ture: histological analysis of 24 unruptured and 42
ruptured cases. Stroke 2004;35:2287-2293. TaggedEnd

TaggedP27. Wang GX, Wen L, Lei S, et al. Wall enhancement ratio
and partial wall enhancement on MRI associated with
the rupture of intracranial aneurysms. J Neurointerv
Surg 2018;10:566-570. TaggedEnd

TaggedP28. Lv N, Karmonik C, Chen S, et al. Relationship Between
aneurysm wall enhancement in vessel wall magnetic res-
onance imaging and rupture risk of unruptured intracra-
nial aneurysms. Neurosurgery 2018. https://doi.org/
10.1093/neuros/nyy310. [Epub ahead of print]. TaggedEnd

TaggedP29. Zhu C, Wang X, Degnan AJ, et al. Wall enhancement of
intracranial unruptured aneurysm is associated with
increased rupture risk and traditional risk factors. Eur
Radiol 2018;28:5019-5026. TaggedEnd

TaggedP30. Shimonaga K, Matsushige T, Ishii D, et al. Clinicopatho-
logical insights from vessel wall imaging of unruptured
intracranial aneurysms. Stroke 2018;49:2516-2519.TaggedEnd

TaggedP31. Hudson J, Zanaty M, Nakagawa D, et al. Magnetic reso-
nance vessel wall imaging in human intracranial aneur-
ysms histological analysis. Stroke 2018. https://doi.org/
10.1161/STROKEAHA.118.023744. [Epub ahead of print].TaggedEnd

TaggedP32. Larsen N, von der Brelie C, Trick D, et al. Vessel wall
enhancement in unruptured intracranial aneurysms: an
indicator for higher risk of rupture? High-resolution MR
imaging and correlated histologic findings. AJNR Am J
Neuroradiol 2018;39:1617-1621. TaggedEnd

TaggedP33. Etminan N, Rinkel GJ. Unruptured intracranial aneur-
ysms: development, rupture and preventive manage-
ment. Nat Rev Neurol 2016;12:699-713. TaggedEnd

TaggedP34. Hudson J, Zanaty M, Hasan D. Letter by Hudson et al
regarding article, “Clinicopathological Insights From
Vessel Wall Imaging of Unruptured Intracranial Aneur-
ysms”. Stroke 2018. https://doi.org/10.1161/STRO-
KEAHA.118.023744. [Epub ahead of print]. TaggedEnd

TaggedP35. Shimonaga K, Ishii D, Matsushige T. Response by Shimo-
naga et al to letter regarding article, “Clinicopathological
Insights From Vessel Wall Imaging of Unruptured Intra-
cranial Aneurysms”. Stroke 2018. https://doi.org/
10.1161/STROKEAHA.118.023850. [Epub ahead of print].TaggedEnd

http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0008
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0009
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0010
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0011
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0012
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0013
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0014
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0015
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0016
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0017
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0018
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0019
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0019
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0019
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0019
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0020
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0021
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0022
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0023
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0024
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0025
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0026
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0027
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0027
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0027
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0027
https://doi.org/10.1093/neuros/nyy310
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0029
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0029
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0029
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0029
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0030
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0030
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0030
https://doi.org/10.1161/STROKEAHA.118.023744
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0032
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0033
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0033
http://refhub.elsevier.com/S1052-3057(19)30221-6/sbref0033
https://doi.org/10.1161/STROKEAHA.118.023744
https://doi.org/10.1161/STROKEAHA.118.023744
https://doi.org/10.1161/STROKEAHA.118.023850

	Decreased Antiatherogenic Protein Levels are Associated with Aneurysm Structure Alterations in MR Vessel Wall Imaging
	Introduction
	Methods
	Patients
	MR Acquisition
	Image Analysis and Detection of AWE
	Risk Factors for Atherosclerosis
	Blood Examination Including Dyslipidemia-related Proteins
	Statistical Analyses

	Results
	Patient Demographics and Characteristics of IA
	Visualization of AWE
	Factors Associated with the Visualization of AWE

	Discussion
	Conclusion
	Conflict of Interest
	References


