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ABSTRACT

BACKGROUND AND PURPOSE: The natural history and optimal treatment of extracranial carotid artery aneurysms are unknown.
Gadolinium enhancement of the aneurysm wall may reflect aneurysm wall inflammation and instability. In this study, we investi-
gated the feasibility of extracranial carotid artery aneurysm wall imaging and explored a potential relationship of aneurysm wall
enhancement with aneurysm growth and the presence of (silent) brain infarcts and white matter lesions.

MATERIALS AND METHODS: Fourteen conservatively treated patients with 15 asymptomatic extracranial carotid artery aneurysms
underwent gadolinium-enhanced 3T MR imaging at 2 time points with a 12-month interval. Primary outcome was growth of the an-
eurysm sac ($2.0mm); secondary outcomes were the presence of (silent) brain infarcts and white matter lesions at baseline and
follow-up. MR images were reviewed by 2 independent observers, and inter- and intraobserver reproducibility was assessed.

RESULTS: Seven (50%) patients were men; the median age was 55 years (range, 40–69 years). Eleven extracranial carotid artery
aneurysms (73%) were saccular (median size, 11 mm; range, 5.0–38.5 mm), and 4 were fusiform (median size, 21.5 mm; range, 10.0–40.0
mm). Eleven of 15 aneurysms (73%) exhibited gadolinium enhancement at baseline. Four aneurysms (27%) showed growth at follow-
up imaging, 2 gadolinium-positive (þ) and 2 gadolinium-negative (–) (P = .245). Three patients (21%) had ipsilateral brain infarcts at
baseline; 1 of them showed a new silent brain infarct at follow-up imaging (gadoliniumþ). Nine patients (64%) showed bilateral
white matter lesions at baseline. In 3 patients, increased white matter lesion severity was observed at follow-up (2 gadoliniumþ).
All observations showed excellent inter- and intraobserver reproducibility.

CONCLUSIONS: In this explorative study, we demonstrated that extracranial carotid artery aneurysm wall imaging was feasible.
Future well-powered studies are needed to investigate whether extracranial carotid artery aneurysm gadolinium enhancement pre-
dicts aneurysm growth and thromboembolic complications.

ABBREVIATIONS: ECAA ¼ extracranial carotid artery aneurysm; Gd ¼ gadolinium; WML ¼ white matter lesion; CAR ¼ Carotid Aneurysm Registry

The optimal treatment and prognosis of extracranial carotid
artery aneurysms (ECAAs) are still unclear. Most ECAAs are

coincidental findings, and a conservative approach is presently
considered justified in patients with asymptomatic ECAAs.1

Several surgical and endovascular techniques have been

developed for ECAA exclusion, but these interventions are
mostly reserved for patients with neurologic symptoms or proved
growth.2,3

Histopathologic research revealed dissection and degenera-

tion as the 2 main causes of ECAAs, with the presence of inflam-

matory cells in the degenerative vessel wall.4 MR imaging and

histopathologic studies of atherosclerotic carotid arteries have

suggested that gadolinium (Gd) enhancement reflects the density

of the vasa vasorum and inflammation in the arterial wall.5,6

Also, MR imaging has been proposed as a noninvasive tool for

early detection of arterial wall changes and may be useful for rou-

tine monitoring and evaluation of disease activity.6 However,

ECAA growth pattern and long-term risk of thromboemboliza-

tion and subsequent stroke have yet to be elucidated.
Previous studies have shown that patients with carotid steno-

sis have (subclinical) microvascular cerebral damage due to

Received August 21, 2019; accepted after revision January 7, 2020.

From the Departments of Vascular Surgery (C.J.H.C.M.v.L., M.L.R., V.E.C.P., N.K.N.J.,
G.J.d.B.) and Radiology (T.L., J.H.), and UMC Utrecht Brain Center (M.D.I.V.),
Department of Neurology and Neurosurgery, University Medical Center Utrecht,
Utrecht University, Utrecht, the Netherlands.

C.J.H.C.M. van Laarhoven and M.L. Rots contributed equally to this work.

Please address correspondence to Gert J. de Borst, MD, PhD, University Medical
Center Utrecht, Department of Vascular Surgery, G04.129 PO Box 85500, 3508 GA
Utrecht, the Netherlands; e-mail: g.j.deborst-2@umcutrecht.nl

Indicates article with supplemental on-line tables.

Indicates article with supplemental on-line photos.

http://dx.doi.org/10.3174/ajnr.A6442

AJNR Am J Neuroradiol 41:501–07 Mar 2020 www.ajnr.org 501

https://orcid.org/0000-0002-8817-7315
https://orcid.org/0000-0002-3751-0376
https://orcid.org/0000-0003-4766-8289
https://orcid.org/0000-0003-4583-0051
https://orcid.org/0000-0003-1885-5499
https://orcid.org/0000-0001-6384-6140
https://orcid.org/0000-0002-6823-1628
https://orcid.org/0000-0002-1389-4141
mailto:g.j.deborst-2@umcutrecht.nl
http://dx.doi.org/10.3174/ajnr.A6442


microembolic events.7 Silent brain infarction and white matter
lesions (WMLs) have both been correlated with carotid plaque
vulnerability and thus may be a reflection of microembolic events
from a proximal source.8,9 Silent brain infarcts and WML pres-
ence were described to correlate with increased future risk of is-
chemic stroke and cognitive decline across time.10-12 Assessment
of both silent and symptomatic brain infarcts and WMLs may,
therefore, be helpful surrogate markers for indicating cerebral
outcome in patients with ECAAs.

New imaging techniques are required to assess ECAA insta-
bility for predicting growth and cerebrovascular outcome. In this
study of patients with conservatively treated asymptomatic
ECAAs, we aimed to investigate the feasibility of ECAA wall
imaging and explored a potential relationship of aneurysm wall
enhancement with aneurysm growth and the presence of (silent)
brain infarcts and WMLs.

MATERIALS AND METHODS
Participants
Ethics approval for this study was provided by the Medical
Research Ethics Committee of the University Medical Center
Utrecht, Utrecht, the Netherlands, September 13, 2016 (protocol
number 16–341), and all research was conducted according to
the principles of the Declaration of Helsinki (59th Amendment,
Seoul 2008) and in accordance with the Dutch Medical Research
Involving Human Subjects Act. Included patients with an
ECAA were selected from the Carotid Aneurysm Registry
(CAR; https://www.carotidaneurysmregistry.com/en/home).
The registry protocol has been published elsewhere.13 In
short, any patient 18 years of age or older with an ECAA is
included in this ongoing registry, independent of etiology or
treatment strategy. Baseline characteristics and follow-up
data are collected in a prospective manner. For the present
study, we selected asymptomatic patients (no symptoms for
at least 1 year before the start of the study) from the CAR
with a conservatively treated ECAA. Exclusion criteria were
impaired renal function (glomerular filtration rate of
,30mL/min/1.73m), Gd contrast allergy, or pregnancy. All
selected patients provided informed consent and were
recruited between February and September 2017.

MR Imaging
Included patients were asked to undergo MR imaging at the
moment of inclusion and 1 year afterward. Two observers
(C.J.H.C.M.v.L., M.L.R.), blinded to patient characteristics and
previous imaging, independently scored each of the MR images
according to a predefined protocol and case report form. Before
scoring, both observers were trained with 2 test scans to familiar-
ize them with the scoring protocol. Test results were compared to
overcome interpretation differences. Aneurysm location, shape
and size, vessel wall enhancement, and cerebral complications
were reported for 2 series of MR images (baseline and follow-up),
with a minimum of 2 weeks between the measurements. For a
subset of MR images, a third series was re-evaluated after 2 weeks
to determine intraobserver variability. For the final data analysis,
disagreements were discussed until consensus was reached.

A 3T MR imaging scanner (Ingenia, Software release 5.3;
Philips Healthcare, Best, the Netherlands) was used. Images were
acquired with an 18-element neurovascular coil as a receiver coil.
The MR imaging protocol consisted of a 3D time-of-flight
sequence, a contrast-enhanced T1 3D sequence (spatial resolu-
tion, 0.5 � 0.5 � 0.5mm), and, for imaging of the vessel wall, a
transverse T1 3D multishot spin-echo sequence of the ipsi- and
contralateral extracranial carotid arteries with the following pa-
rameters: FOV, 200 � 166 � 45 mm (by default but coverage
could be adjusted in case of aneurysmsof. 45mm); acquired re-
solution, 0.5 � 0.5 � 1.0mm; reconstructed resolution, 0.5 �
0.5 � 0.5mm; TR/TE, 1.5/0.04 s. An anti-driven equilibrium
technique and a minimum flip angle of 25° in the variable flip
angle refocusing pulse train were used for increased vessel wall
contrast, fat suppression, and flow suppression of blood.14,15

This sequence was performed before and after contrast admin-
istration, with a duration of 8 m 3 s per sequence. FLAIR and
T2 brain imaging series were performed for detection of
infarcts and WMLs. Gadobutrol was used as a contrast agent
(Gadovist; Bayer Schering Pharma, Berlin, Germany) (0.1mL/
kg [1 mmol] per kilogram of body weight); flow rate, 1.0mL/s;
time between contrast administration and vessel wall imaging,
11 minutes.

Aneurysm Size Assessment
Aneurysm size was determined on the contrast-enhanced T1-
weighted images using double oblique multiplanar reconstruc-
tions, in which maximum diameters were measured. Diameters
were rounded to 0.5mm. A fusiform or spindle-shaped ECAA
was defined as$150% dilation of the arterial diameter, compared
with the unaffected contralateral carotid artery diameter. In case
of bilateral dilation, the diameter of the nonaffected part of the
ipsilateral carotid artery was used for comparison. For saccular
ECAAs, all sizes were accepted.1 In case of a saccular type, the
length, width, and neck of the aneurysm were reported; in case
of a fusiform type, the length and width were reported (Fig 1). It
was decided to define growth as a minimum difference of at
least 2.0mm measured in at least 1 of the measured dimensions
(length, width, and neck), to ensure reliable assessment of
growth at the acquired resolution (0.5 � 0.5 � 0.5mm). We
considered differences of,1.0mm in ECAA size to be clinically
irrelevant.

Assessment of Gd ECAAWall Enhancement
The appearance of the aneurysms was compared before and after
administration of Gd to determine the presence of wall enhance-
ment. Aneurysm wall enhancement was considered present if
there was a hyperintensity of the vascular wall on MR imaging af-
ter Gd administration that was not present on the MR imaging
before Gd administration (Fig 2). Ipsilateral aneurysm wall
enhancement was reported as well as contralateral enhancement
of the internal carotid artery at the level of the aneurysm as a
reference.

Assessment of Brain Infarcts and WMLs
The presence of cortical, subcortical, and lacunar infarcts on the
ipsi- or contralateral side was reported16 and expressed as
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symptomatic or silent brain infarction. WMLs were semiquanti-
tatively assessed at baseline and follow-up using the Fazekas
scale.17,18 In short, WMLs were separated according to whether
hyperintense lesions were contiguous with the lateral ventricular
border (periventricular lesion) or distinct and subcortical (includ-
ing those in the deep white matter). Subcortical extensions from
cortical and lacunar infarcts were excluded.

Statistical Analysis
All observations were assessed in terms of reliability and agree-
ment. Inter- and intraobserver reliability of each diameter was
calculated by the intraclass correlation coefficient (model: 2-way
mixed; type: absolute agreement) with 95% confidence intervals.
Bland-Altman analysis was used to assess agreement for each di-
ameter. For nominal and binary variables (aneurysm location,
shape, Gd enhancement, and infarcts), k values were calculated,
and for ordinal variables (WMLs), the weighted k was calcu-
lated.19 The 95% CIs for k were obtained by use of the psy and
boot packages (http://cran.r-project.org) in R Studio, Version
3.4.1, (www.rstudio.com). The proportion of agreement was cal-
culated for both nominal and ordinal variables.20 We studied the
proportion of patients with aneurysm wall enhancement. Then,
we investigated whether aneurysm wall enhancement was associ-
ated with signs of instability during follow-up. The primary
outcome was the prevalence of aneurysm wall enhancement.
Secondary outcomes were growth of the aneurysm sac during fol-
low-up and the presence of WMLs and (silent) brain infarcts at
baseline and follow-up. Patients were compared on the basis of
Gd enhancement using the Fisher exact test and Mann-Whitney
U test, and P, .05 was considered statistically significant. These
statistical analyses were conducted using SPSS, Version 25.0
(Released 2017; IBM, Armonk, New York).

RESULTS
Fifteen patients with 16 ECAAs were included and underwent
baseline MR imaging. Fourteen patients (with 15 aneurysms)
underwent follow-up MR imaging after 1 year. Individual patient
characteristics are listed in On-line Table 1. The patient who was

FIG 2. Examples of aneurysm wall enhancement (solid arrow) on 3T MR imaging with aneurysm wall imaging on the transaxial plane. B, D, F, and
H, The sequence after administration of gadolinium. A and B, A 66-year-old woman with a 11.0-mm saccular left internal carotid artery aneurysm
without enhancement (dashed arrow). C and D, A 54-year-old man with a 9.0-mm saccular right internal carotid artery aneurysm without
enhancement (dashed arrow). E and F, A 51-year-old woman with a 7.5-mm saccular left internal carotid artery aneurysm with aneurysm
enhancement (solid arrow). G and H, A 59-year-old woman with a 10.0-mm fusiform left internal carotid artery aneurysm with enhancement
(solid arrow). The asterisk indicates the parent ICA; e, branches of the external carotid artery; v, internal jugular vein.

FIG 1. Schematic examples of diameter measurements of ECAAs,
perpendicular to the nonaffected vessel. Left: fusiform ECAA
length � width. Right: saccular ECAA length � width � neck
(round arrow).
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lost to follow-up was unable to participate in study activities due
to clinical deterioration as a result of a prior cerebral infarction.
Eight of 15 patients (53%) were men. The median age was 55
years (range, 40–69 years). Detailed medical history is summar-
ized in On-line Table 2.

All MR imaging observations showed excellent inter- and
intraobserver reproducibility, with both intraclass correlation
coefficients and weighted k . 0.9 and acceptable differences for
agreement (Fig 3, On-line Tables 3 and 4, and On-line Figs 1 and
2). In total, 666 observations per observer were made, about
which 15% of disagreements were discussed.

Aneurysm Analysis
All 16 ECAAs were located in the extracranial internal carotid ar-
tery (8 on the right, 6 on the left, and 1 patient with bilateral
ECAAs). Twelve aneurysms were saccular (75%); and 4, fusiform.
The median length was 13.5mm (range, 6.5–66.0mm), and me-
dian width was 11.5mm (range, 5.5–41.0mm). The median neck
width was 11mm (range, 3.5–22.0mm) in saccular ECAAs.
Twelve of 16 (75%) aneurysms had Gd wall enhancement at base-
line. Of the 15 aneurysms with follow-up imaging available, 4
(27%) had increased in size by$2.0mm in at least 1 direction at

the follow-up MR imaging. Of these 4 aneurysms, 1 showed
growth in length, width, and neck, 1 showed only increased
width, and 2 showed only an increase in length in comparison
with baseline. For further analysis, only patients with available
follow-up MRA are included.

AneurysmWall Gd Enhancement
All 28 aneurysm wall scans showed good image quality, and no
artifacts interfered with our assessment of wall enhancement. Of
the 15 aneurysms with follow-up imaging, 11 exhibited ECAA
wall enhancement at baseline. Length, width, and neck diameter
of aneurysms with wall enhancement compared with those with-
out were similar (Table). Of the 4 aneurysms that increased in
size at follow-up, 2 (50%) showed aneurysm wall Gd enhance-
ment on baseline MR imaging (Table). When absolute differences
between baseline and follow-up MR imaging were compared, the
median increase in neck size (only saccular aneurysms) was larger
in the 8 Gd-positive (þ) (median, 2.0mm; range, 0.5–3.0 mm)
compared with the 3 Gd-negative (–) ECAAs (median, 0.0mm;
range, �1.0–0.5 mm; P= .012). Other differences across time
(length and width) were comparable in patients with and without
aneurysm wall enhancement (Table). A total of 3 patients

FIG 3. Bland-Altman plot of interobserver agreement. The solid line in the middle represents the mean difference of the diameter measure-
ments between the 2 observers; the dashed line represents the upper and lower limits of agreement (mean difference6 1.96� SD).

Aneurysm size for aneurysms with and without gadolinium enhancement

No Gadolinium Enhancement (n = 4) Gadolinium Enhancement (n = 12) P
Length baseline median (range) 10.75 (6.5–46.0) 14.5 (7.00–66.5) .316
Width baseline median (range) 10.5 (9.0–41.0) 11.5 (5.5� 38.5) .953
Neck baselinea median (range) 9.5 (8.0–11.0) 12.0 (3.5–22.0) .482
Growth (length) median (range) 1.0 (�1.0–4.0) 0.5 (�0.5–4.5) ..999
Growth (width) median (range) 1.0 (�1.0–4.0) 0.5 (�0.5–4.5) ..999
Growth (neck)a median (range) 0.0 (�1.0–0.5) 2.0 (0.5–3.0) .012b

Growth (any direction $2 mm) (No.) (%) 2 (50) 2 (16.7) .245
a Only patients with saccular aneurysms.
b P, .05.
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showed wall enhancement of the contralateral carotid artery
at the level of the aneurysm, all of whom also had ipsilateral
enhancement of the ECAA wall. On follow-up, 9/15 aneur-
ysms showed steady ipsilateral wall enhancement and 3/15
aneurysms consistently showed no enhancement. One Gdþ
aneurysm at baseline no longer showed enhancement at fol-
low-up, and 1 patient with Gd� at baseline showed novel
enhancement at follow-up, whereas this was not present at
baseline. For the remaining patient, follow-up enhancement
could not be evaluated because the scan level was set
intracranially.

Assessment of Brain Infarcts and WML
At baseline, 2 patients showed lacunar (silent) brain infarcts, 1
ipsilateral and 1 with multiple bilateral lacunar brain infarcts
(Fig 4). Two other patients had cortical infarcts, 1 of them ipsilat-
eral to the aneurysm and another with a cortical infarct contralat-
eral to the aneurysm. In both of these patients, cortical infarcts
were clinically symptomatic, though .1 year before the start of
the study. No subcortical infarcts were observed, and none of the
infarcts were located in posterior circulation. Follow-up MR
imaging revealed that the patient who showed multiple bilateral
lacunar infarcts at baseline had a bilateral increase in the number
of lacunar silent brain infarcts on follow-up imaging. Another
patient had 1 new contralateral lacunar silent brain infarct. All
patients with infarcts at baseline or follow-up showed Gd
enhancement at baseline.

The median Fazekas score at baseline was 1 (range, 0–3) for ip-
silateral periventricular WMLs and 1 for contralateral periventric-
ular WMLs (range, 0–3; P= .705). The median Fazekas score for
deep WMLs was 1 (range, 0–3) at the site ipsilateral to the

aneurysm and 0 (range, 0–3) on the
contralateral site (P= .816). Three of
14 patients with follow-up imaging
showed an increase in the Fazekas score
after 1 year, with 2 on the ipsilateral
side (1 patient with an increase of deep
WMLs and 1 patient with an increase
of periventricular WMLs) and 1 patient
with a bilateral increase of deep WMLs.
Two of 3 patients who showed an in-
crease of WMLs had Gd enhancement
at baseline imaging.

DISCUSSION
In this explorative imaging study, we
demonstrated that ECAA wall imag-
ing was feasible, with good inter-
and intraobserver reliability and
agreement. Most aneurysms had Gd
enhancement of the ECAA wall at
baseline. Aneurysm growth occurred
in 27% of all aneurysms.

No earlier studies investigated
wall enhancement of extracranial ca-
rotid aneurysms. Only patients with
Gd enhancement of atherosclerotic

plaques in the carotid arteries are described.21-23 It is believed
that Gd enhancement reflects both the density of the vasa
vasorum and endothelial permeability and can indicate local
inflammation of the vessel wall.21-23 These previously per-
formed studies used 1.5T21,23 or 3T22 MR imaging scanners,
with double molality concentration of Gd and flow rate. The
current scanning protocol was based on earlier studies investi-
gating intracranial vessel wall imaging and reporting good
image quality and few artifacts.14 Fine-tuning of the optimal
imaging protocol for the carotid wall specifically, including the
sequences used to suppress artifacts due to blood flow, contrast
agent concentration, flow rate, and time between administra-
tion and vessel wall imaging, is warranted so that uniform
reporting standards can be established and study results can be
compared.

A follow-up study that included 65 intracranial aneurysms
with a median follow-up of 27months (range, 20–31 months)
showed that 4 of 19 aneurysms with wall enhancement at baseline
had instability during follow-up, compared with 0 of 46 aneur-
ysms without wall enhancement.24 Although our study in
patients with ECAAs was not powered to detect differences in
aneurysm growth between patients with and without aneurysm
wall enhancement, our follow-up results are of interest because
we also found aneurysm growth in 2 of 4 patients without wall
enhancement. Because healthy intracranial arteries lack an
adventitial vasa vasorum,25,26 Gd enhancement of intracranial
arteries may indicate stronger local pathologic neovasculariza-
tion and thus inflammation than in extracranial carotid
arteries.26 Moreover, the discrimination between moderate or
major enhancement in extracranial arteries, possibly indicating
pathologic neovascularization of the aneurysm wall instead of

FIG 4. Overview baseline 3T Gd-enhanced MR imaging of 66-year-old woman with a saccular
ECAA of the right internal carotid artery. At baseline, enhancement of the aneurysm wall was
observed after contrast administration, indicated by the white arrows. T2 FLAIR and T2 TSE show
both periventricular and deep white matter lesions and Fazekas 3 and multiple bilateral lacunar
infarctions. adm indicates contrast administration.
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normal physiology of the vasa vasorum, is quite challenging and
subject to the observer’s interpretation.

Although acceptable reproducibility of Gdþ was observed in
the present study, a Gdþ quantitative measure would accurately
increase Gd grading. Density and thus enhancement of the vasa
vasorum in normal extracranial arteries is poorly described in the
current literature, and between-patient and within-patient vari-
ability and its influence on wall enhancement are, at this point,
unknown. In contrast to other vascular wall enhancement studies,
the present study partly anticipated this issue by also examining
the contralateral artery as a reference. Of note, only a minority
(3/11) of patients with ipsilateral enhancement also had contra-
lateral enhancement (1 of whom had bilateral ECAAs), so
although not predictive of aneurysm growth, Gd enhancement
does seem to reflect disease activity of the vessel wall.

All 3 patients with ipsilateral brain infarcts showed ECAA
wall enhancement, but most patients without infarcts also had
aneurysm wall enhancement. Brain infarcts and especially (small)
cortical infarcts are often caused by thromboemboli from a proxi-
mal source such as the carotid arteries.12 Silent brain infarcts
have been associated with a 3-fold increase in the risk of stroke.12

In asymptomatic patients with atherosclerotic stenosis of the ca-
rotid artery, those with silent brain infarcts benefit more from re-
vascularization procedures in terms of averting stroke risk
compared with those without.11 Patients with ECAAs at risk of
thromboembolic complications may also be identified by assess-
ment of ipsilateral (silent) brain infarcts, in addition to assess-
ment of ECAA wall Gd enhancement or aneurysm growth.
Structural imaging of the brain may contribute to clinical deci-
sion-making on whether to treat (eg, conservatively or surgically)
these patients.

We found that two-thirds of patients had bilateral WMLs.
Because there was no clear asymmetry and the presence of
WMLs did not seem restricted to patients with ECAA wall
enhancement, on the basis of our preliminary results, WMLs do
not seem directly related to Gd enhancement of the aneurysm
wall. Previous studies have shown that the cause ofWMLs is mul-
tifactorial, and thrombo-embolism from a proximal source is
only one of the potential causes of these radiographic findings.8,27

It is striking, however, that these relatively young patients
included in our study (median age, 54 years) very often showed a
high (bilateral) WML score compared with literature investigat-
ing WMLs in an otherwise healthy population.28 WMLs have
been used widely as a surrogate marker for small-vessel disease
and have been closely associated with risk factors for atheroscler-
otic disease such as hypertension.29 These findings suggest that
not only a causal relationship exists between the presence of
ECAAs and WMLs but also a shared etiology for the presence of
both diseases. WMLs have been associated with an increased risk
of future stroke30 and cognitive decline.29 Perhaps medical ther-
apy in patients with ECAAs should be optimized to treat not only
possible consequences of thromboemboli but also risk factors
underlying generalized vascular disease.

Strengths and Limitations
The primary aim of our study was feasibility. Because of the
small sample size, no conclusions can be drawn regarding the

predictive value of wall enhancement. Although good inter- and
intraobserver reliabilities were found in our study, assessing the
presence of WMLs by means of the Fazekas scale can be highly
dependent on expertise and experience. Also, the Fazekas scale
is insensitive to subtle lesions and subtle changes across time.
Other quantitative or semiquantitative measures, such as the
rating scale for age-related white matter changes or computer-
ized assessment of lesion volume, may be more reliable and sen-
sitive to small changes across time. Future studies should
include quantitative methods for determining white matter
lesion volume so that subtle changes can be detected in an objec-
tive manner. Nevertheless, our method is easily translated to
clinical practice and can be straightforwardly applied on fre-
quently used MR images (FLAIR and T2). Little is known yet
regarding the reliability of using MR imaging for ECAA imaging
compared with CT. Although high correlations between the 2
were found in studies on other types of aneurysms,31 compari-
son of these 2 imaging techniques should be a topic for future
research.

The study sample is a reflection of clinical practice in ECAA
disease; as a consequence, various shapes and sizes of aneurysms
with different blood flow characteristics were included. Slow
blood flow within the aneurysm sac could cause pseudoenhance-
ment, which potentially affects the validity and clinical applicabil-
ity of our results. Future computational hemodynamic and
histologic studies of aneurysm wall tissue should further elucidate
the relation of Gd enhancement and aneurysm wall instability.
Last, one might argue that conventional diameter measurements
fail to indicate ECAA growth. Because appropriate imaging tools
to measure geometric differences are currently lacking, we might
have missed cases that expanded in other directions than
obliquely.

CONCLUSIONS
In this small exploratory study, we demonstrated that extracranial
carotid artery aneurysm wall imaging was feasible and Gd wall
enhancement was identified in most aneurysms. Aneurysm
growth was relatively common in a follow-up period of 1 year.
Larger prospective studies are warranted to investigate the rela-
tion between ECAA wall enhancement and aneurysm growth,
(silent) brain infarcts, and white matter lesions.
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