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ORIGINAL RESEARCH
ADULT BRAIN

Lack of Baseline Intracranial AneurysmWall Enhancement
Predicts Future Stability: A Systematic Review and

Meta-Analysis of Longitudinal Studies
A.S. Larson, V.T. Lehman, G. Lanzino, and W. Brinjikji

ABSTRACT

BACKGROUND: The utility of vessel wall MR imaging in identifying unstable intracranial aneurysms has been suggested but remains
controversial.

PURPOSE: Our aim was to provide further insight into the potential relationship between aneurysm wall enhancement on initial
vessel wall imaging and aneurysm instability at follow-up.

DATA SOURCES:Our sources were PubMed, Scopus, the Web of Science, and the Cochrane Central Register of Controlled Trials.

STUDY SELECTION: We searched for English language studies that reported the presence of vessel wall enhancement of unrup-
tured intracranial aneurysms on baseline vessel wall imaging studies with longitudinal follow-up of aneurysm status.

DATA ANALYSIS: Aneurysms were grouped into “stable” and “unstable” groups at follow-up on the basis of growth, symptomatic
manifestation, or rupture. The association of each group with aneurysm wall enhancement on initial vessel wall imaging was
determined.

DATA SYNTHESIS: Three studies constituting 407 aneurysms were included. Aneurysms with wall enhancement were at higher risk
of being unstable at follow-up (risk ratio ¼ 3.6; 95% confidence interval, 1.7–7.5). The sensitivity of aneurysm wall enhancement on
vessel wall imaging was 74.3% (95% CI, 56.7%–87.5%), specificity was 58.3% (95% CI, 53.1%–63.4%), positive predictive value was 14.4%
(95% CI, 11.8%–17.4%), negative predictive value was 96.0% (95% CI, 93.2%–97.7%), and the overall accuracy of the test was 59.7%
(95% CI, 54.8%–64.5%).

LIMITATIONS: Only 3 studies were identified for inclusion in this analysis. More longitudinal studies of vessel wall imaging and an-
eurysm progression are needed.

CONCLUSIONS: The lack of wall enhancement may be a predictor of aneurysm stability. The utility of vessel wall imaging in
detecting unstable aneurysms requires more data.

ABBREVIATIONS: AWE ¼ aneurysm wall enhancement; IA ¼ intracranial aneurysm; VWI ¼ vessel wall imaging

Intracranial saccular aneurysms (IAs) are common vascular
lesions with an estimated prevalence of up to 3%.1 In

patients with unruptured IAs, it is challenging to know which
IAs should be managed conservatively and which are at
higher risk of rupture, thereby warranting intervention.
Several patient-based factors and imaging features including

size, aspect ratio, and irregular morphology have been shown
to be risk factors for IA rupture.2-6 Nevertheless, risk stratifi-
cation of patients with unruptured IA remains inadequate;
thus, the need for additional tools remains high in order to
maximize our ability to appropriately select patients for
intervention.

Inflammation within the vessel wall of the aneurysm is associ-

ated with IA instability and rupture.7,8 With advances in imaging,

aneurysm wall enhancement (AWE) on vessel wall imaging
(VWI) is purported to be a marker of aneurysmal wall inflamma-

tion and, therefore, a potential marker for aneurysm growth and

rupture.9-11 Initial studies suggest that AWE is a marker of insta-

bility. However, authors have questioned the strength of the cur-
rent evidence on several grounds. For example, there is some
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evidence that AWE can be caused by factors other than inflam-

mation, such as slow blood flow near the aneurysm wall.12

Additionally, the literature demonstrates grouping of types of

unstable aneurysms in analyses, lack of robust histopathologic

correlation, variability of methods, a possible association with

increasing size, and, most important, limited long-term fol-

low-up.13,14 Until such prospective standardized long-term

follow-up can be completed on a large number of patients,

continued, periodic analysis of all available publications is im-

portant to characterize our best understanding of the current

literature.
A prior meta-analysis demonstrated a robust relationship

between AWE and aneurysm instability,11 but only a single
included study had data on longitudinal follow-up.15 Since then,
additional studies reporting longitudinal follow-up after initial
VWI have been published; therefore, a separate analysis of these
studies may shed more light on the clinical utility of VWI in
detecting aneurysms at risk for progression.16-19 Inclusion of rup-
tured aneurysms in unstable aneurysm subgroups likely plays a
confounding role; therefore, ruptured aneurysms should be ana-
lyzed independently or not included in such analyses. With these
ideas in mind, we performed a systematic review and meta-analy-
sis of longitudinal studies to provide further insight into the con-
troversial relationship between AWE on VWI and aneurysm
instability.

MATERIALS AND METHODS
Search Strategy and Selection
Criteria
Both the systematic review and meta-
analysis were performed according to
the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
guidelines.20 A comprehensive search
of several data bases from inception to
March 10, 2020, limited to the English
language and excluding animal studies,
was conducted. The data bases included
Ovid MEDLINE and Epub Ahead of
Print, In-Process & Other Non-Indexed
Citations, Ovid MEDLINE Daily, Ovid
EMBASE, Ovid Cochrane Central
Register of Controlled Trials, Ovid
Cochrane Data Base of Systematic
Reviews, and Scopus. The search strat-
egy was designed and conducted by an
experienced librarian with input from
the principal investigator of the study.
Controlled vocabulary supplemented
with keywords was used to search for
studies describing vessel wall imaging
and intracranial aneurysms. The actual
strategy listing all search terms used
and how they are combined is available
in the On-line Appendix.

Abstracts were reviewed for rele-
vance, which included mention of in-

tracranial aneurysms and vessel wall imaging. Abstracts without
mention of both of these variables were excluded, and the full
text was not reviewed. A study was considered eligible for this
meta-analysis if it fulfilled the predefined inclusion criteria:
Prospective and retrospective observational cohort analysis that
compared the rates of AWE on initial VWI with longitudinal fol-
low-up of aneurysm status. Our search strategy can be found in
Fig 1.

Data Extraction and Aneurysm Classification
One reviewer (A.S.L.) independently extracted the relevant data
from the eligible studies. Data extraction was performed for the
following predefined variables: first author, year of publication,
total number of patients, number of aneurysms demonstrating
complete or partial AWE on initial vessel wall MR imaging, fol-
low-up period, mean aneurysm size, and the number of stable
and unstable intracranial saccular aneurysms as defined below.
Also, data regarding the imaging sequences and field strength,
interobserver agreement, and definition of wall enhancement
were extracted. The primary end point of this meta-analysis was
to compare complete or partial AWE as seen on initial vessel wall
MR imaging studies between aneurysms that were stable or
unstable at follow-up. In this regard, AWE was determined on a
yes or no basis regardless of the degree or spatial pattern of
enhancement. The definition of unstable saccular aneurysms
included symptomatic, growing aneurysms on serial imaging or

FIGURE. Literature review search strategy. SR/MA indicates systematic review/meta-analysis.
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those that ruptured at follow-up. Symptomatic aneurysms included
intracranial aneurysms causing cranial nerve palsy or thunderclap
headache without subarachnoid hemorrhage and after exclusion of
other differential diagnoses.16 The risk of bias assessment was per-
formed with the Robins-I tool for nonrandomized studies (https://
www.riskofbias.info/welcome/home).21

Statistical Synthesis and Analysis
Risk ratios with the corresponding 95% confidence intervals were
used to report the outcomes. A P value, .05 was considered sig-
nificant. We also calculated sensitivity, specificity, positive predic-
tive value, negative predictive value, and accuracy of AWE in
identifying unstable aneurysms at follow-up. STATA, Version
14.1 (StataCorp) was used as statistical software.

RESULTS
Search Results
The abstracts and titles from a total of 3341 records were
reviewed for relevance. From this number, 3317 were excluded.
Twenty-four full-text articles were reviewed, 21 of which were
excluded for various reasons: Six were excluded because whether
or not the aneurysm analyzed with VWI was growing or sympto-
matic was not mentioned in the text, 2 were excluded because
they belonged to a larger or more recent study from the same
group, 1 study was of extracranial aneurysms, 1 study was of dis-
secting aneurysms, 1 did not contain VWI studies of aneurysms,
and 1 was a systematic review/meta-analysis. One study reported
AWE as a continuous variable, which precluded our ability to
consider AWE as a binary variable (with or without enhance-
ment), and this study was therefore excluded.22 Seven studies did
not have longitudinal follow-up, and 1 did not have baseline
VWI. Three studies satisfied the predetermined search criteria
and were included in this meta-analysis as shown in the Preferred
Reporting Items for Systematic Review and Meta-Analysis flow
diagram (Figure).16,18,19

Characteristics of Studies and Aneurysms
All included studies in this meta-analysis were observational
cohort analyses with longitudinal follow-up. In total, 407 saccular
aneurysms with baseline VWI performed with follow-up analysis
of aneurysm status (growth, symptom manifestation, or rupture)
were included in this study. Detailed study characteristics are pre-
sented in On-line Table 1. Imaging characteristics are presented in
On-line Table 2. All studies were determined to have a moderate
risk of bias primarily attributable to their retrospective design and
inherent risk of bias (On-line Table 3).

Vessel Wall Enhancement of Unstable-versus-Stable
Intracranial Saccular Aneurysms
Aneurysms with AWE on initial VWI had a statistically significant
higher risk of being unstable at follow-up (risk ratio = 3.6; 95% CI,
1.7–7.5) (Table 1). The sensitivity of AWE on VWI was 74.3% (95%
CI, 56.7%–87.5%), specificity was 58.3% (95% CI, 53.1%–63.4%),
positive predictive value was 14.4% (95% CI, 11.8%–17.4%), nega-
tive predictive value was 96.0% (95% CI, 93.2%–97.7%), and the
overall accuracy of the test was 59.7% (95% CI, 54.8%–64.5%)
(Table 2).

DISCUSSION
Our meta-analysis of 407 saccular aneurysms that underwent
baseline VWI with longitudinal follow-up demonstrated 2 pri-
mary findings: First, the high negative predictive value (96.0%)
found here indicates that AWE on VWI may be a useful method
of broadly screening aneurysms for stability in that those without
AWE are exceptionally unlikely to progress. Second, the low posi-
tive predictive value of 14.4% suggests that a considerable num-
ber of IAs that demonstrate AWEmay actually be stable.

We found a high negative predictive value of AWE for aneu-
rysm instability. Other cross-sectional and longitudinal studies
and a prior meta-analysis including predominantly cross-sec-
tional data have found similar results. Edjlali et al16 reported on
263 patients with a total of 333 aneurysms and found the negative
predictive value of AWE to be 94.9%. Similar results were
reported by Nagahata et al,23 who found that strong or faint
AWE was seen in only 4.8% and 13.3% of unruptured aneurysms,
respectively. An aneurysm seen on high-resolution VWI without
AWE would suggest that conservative management may be a
more appropriate strategy.

In contrast, our study found a low positive predictive value
of AWE and aneurysm instability (14.4%), indicating that less
than one-sixth of aneurysms that demonstrate wall enhance-
ment may actually be unstable. These findings suggest that
for unruptured, incidental aneurysms, the presence of wall
enhancement is not necessarily a marker of impending aneu-
rysm instability. Ultimately, more studies with longitudinal fol-
low-up are needed to determine the relevance of AWE and its
relationship to aneurysm instability.

Several prior reports have indicated a role for VWI in screen-
ing aneurysms.11,24 These findings must be carefully interpreted.
“Instability” most commonly refers to aneurysms that have rup-
tured, are growing, or are symptomatic.9,13 Ruptured aneurysms
likely represent a distinct underlying mechanism of enhance-
ment; moreover, their ruptured status likely already indicates that
intervention is necessary. Similarly, aneurysms with symptomatic
manifestations are detected by their symptomatic nature and typ-
ically warrant treatment as well. Because ruptured or sympto-
matic aneurysms already indicate that an aneurysm requires close
follow-up and/or treatment, inclusion of such aneurysms into a

Table 1: Association of stable and unstable aneurysms with wall
enhancement on initial VWI studies

Unstable Stable Risk Ratio (95% CI)
Wall enhancement 26 155 3.6 (1.7–7.5)
No wall enhancement 9 217

Table 2: Diagnostic statistics of aneurysm wall enhancement
seen on VWI studies

Statistic Value (95% CI)
Sensitivity 74.29% (56.7%–87.5%)
Specificity 58.3% (53.1%–63.4%)
Positive predictive value 14.4% (11.8%–17.4%)
Negative predictive value 96.0% (93.2%–97.7%)
Accuracy 59.7% (54.8%–64.5%)

.
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general group of unstable aneurysms may play a confounding
role in determining the utility of VWI for detecting aneurysms at
risk for growth/rupture. Grouped analyses of unstable aneurysms
may, therefore, be less than ideal in determining the utility of
VWI for detecting aneurysms at risk for progression/rupture. It
is, thus, important that future analyses consist of explicit defini-
tions of what is considered an unstable aneurysm to determine
the utility of VWI in detecting at-risk aneurysms. Ideally, future
longitudinal prospective studies with longer follow-up ($3 years)
should be pursued to interrogate growing-versus-nongrowing
aneurysms in the context of AWE to further elucidate this poten-
tial relationship.

Although our results demonstrate that AWE on initial imag-
ing studies is not necessarily a marker of impending instability,
VWI may be important to establish a baseline level of AWE. In a
recent study by Gariel et al,25 increased AWE on follow-up imag-
ing relative to baseline was predictive of aneurysm growth during
a 2-year period. Furthermore, the specificity and positive predic-
tive value for aneurysm growth of AWE was 100% and 96%,
respectively. These results imply that increased AWE on follow-
up imaging studies is a strong marker of instability and that such
aneurysms likely warrant intervention. In this regard, although
AWE on initial imaging studies may not be strongly predictive of
future instability, obtaining VWI on initial MR imaging studies
likely serves an important role in establishing a baseline degree of
AWE for future comparisons. Of note, the study by Gariel et al
was not included in our analysis because the included patients
were a subgroup of a larger cohort studied in a separate report.16

The pathophysiologic process of aneurysm formation and
progression is largely based on inflammation. Altered flow dy-
namics within the intracerebral vasculature results in inflamma-
tory cell infiltration into the media and adventitia, which releases
damaging proteinases and other biochemical signals that result in
vessel wall weakening.26 This, in turn, promotes aneurysmal for-
mation, growth, and rupture. Aneurysm wall enhancement is
thought secondary to vessel wall inflammation and vasa vasorum
proliferation, though theoretically it may also be due to endothe-
lial disruption of the aneurysm wall resulting in contrast permea-
tion into the vessel.10 Several studies have performed radiologic-
pathologic correlation analyses, which support an inflammatory
hypothesis.27-29 However, the VWI protocols vary across studies,
and most use low-resolution imaging. Furthermore, most studies
also do not use additional flow-suppression sequences: It is well-
understood that intra-aneurysmal slow flow adjacent to the aneu-
rysm wall is associated with AWE, particularly in larger aneur-
ysms in which higher degrees of flow disturbance are more likely
to be encountered.12 It is therefore possible that enhancement
may actually represent slow flow adjacent to the aneurysm wall
and not true enhancement of the wall itself. This possibility
emphasizes the importance of using imaging protocols with flow
suppression in future studies. The association between AWE and
wall inflammation remains incompletely characterized.

Limitations
This meta-analysis included only 3 studies. However, with
limited longitudinal data, performing periodic analyses such
as this is important in order interrogate the utility of high-

resolution VWI for aneurysm characterization. Of the
included studies, there was heterogeneity in the type and spa-
tial resolution of imaging sequences used as well as follow-up
intervals. The use of a prepulse flow-suppression modifica-
tion was not specified in the Methods of the included studies.
There was also heterogeneity in the definition of AWE: Some
studies included only aneurysms with circumferential wall
enhancement, while other studies included aneurysms with
any degree of AWE. Given the lack of patient-specific data,
we could not adjust the analysis for potential confounders.
Only 1 study reported the size of aneurysms with enhance-
ment versus those without.19

CONCLUSIONS
With a high negative predictive value, lack of AWE strongly indi-
cates longitudinal aneurysm stability with the previously men-
tioned limitations in mind. Further prospective, longitudinal
studies with strict definitions of unstable aneurysms using pre-
pulse flow-suppression protocols are required to draw more ro-
bust conclusions.
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