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Abstract Background Intracranial aneurysm rupture leading to subarachnoid hemorrhage
(SAH) is associated with high morbidity and mortality. While conventional imaging
modalities like computed tomography (CT) angiography and digital subtraction
angiography (DSA) are commonly employed, they primarily visualize the lumen rather
than the vessel wall itself. Recent advancements in magnetic resonance vessel wall
imaging present an opportunity to explore the role of inflammation in aneurysm
rupture, thus also potentially serving as a predictor for rupture risk.
Aims This study aimed to assess vessel wall enhancement patterns in ruptured and
unruptured intracranial aneurysms, correlating these patterns with aneurysm morphology
and evaluate the relationship between the PHASES score and enhancement characteristics.
Materials and Methods Patients with confirmed intracranial aneurysms on CT
angiography and/or DSA underwent plain and contrast-enhanced T1 SPACE (sampling
perfection with application-optimized contrasts using different flip angle evolution)
images to assess vessel wall enhancement, which was classified as absent, focal, or
circumferential termed as grade 0, 1, and 2, respectively.
Results Out of 60 patients included in the study, 60% presented with ruptured
aneurysms. All ruptured aneurysms showed vessel wall enhancement, which was circum-
ferential in 46.7%cases. In contrast, only 30%of unrupturedaneurysms showedany formof
enhancement, which was predominantly grade 1. Statistical analysis revealed a significant
association between enhancement patterns and rupture status, with a p-value of<0.001.
Conclusion Vessel wall enhancement was observed in all ruptured aneurysms, thus
suggesting a potential role of inflammation in the disruption of aneurysm wall
integrity. It may thus also serve as a predictor of aneurysm rupture, enhancing clinical
decision-making for patient management.
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Introduction

Intracranial aneurysms are focal dilations of cerebral arteries,
arising from defects in the arterial wall and are present in
approximately 2 to 5% of the general population.1 Their size can
rangefromsmall (less than5mm)to large (greater than10mm),
with giant aneurysms exceeding 25mm.2 The most common
form, saccular or “berry” aneurysms, account for 80 to 90% of
cases. They typically occur at arterial branch points in the circle
of Willis, where hemodynamic forces are the greatest. The
etiology of intracranial aneurysms is multifactorial, involving
both genetic predispositions and acquired risk factors.1,3 Envi-
ronmental factors like long-standing hypertension, cigarette
smoking, and excessive alcohol consumption are significant
contributors to aneurysm formation and growth.4–7

Intracranial aneurysms are either discovered after they
rupture leading to subarachnoid hemorrhage (SAH) or inci-
dentally during imaging for unrelated issues.

Imaging modalities such as computed tomography (CT)
and digital subtraction angiography (DSA) have been pivotal
in diagnosing and treating these aneurysms; however, they
primarily visualize the lumen rather than the vessel wall
itself.8–10 In contrast, magnetic resonance imaging (MRI)
vessel wall imaging (VWI) offers a unique opportunity to
assess the characteristics of the aneurysm wall, including
enhancement patterns that may indicate underlying inflam-
mation or instability.11,12 This emerging technique holds
promise for predicting rupture risk in intracranial aneur-
ysms, allowing for more tailored and timely interventions.

This study sought to explore the utility of MRI VWI in
detecting the presence of and characterizing patterns of
vesselwall enhancement in ruptured intracranial aneurysms
compared with those in incidentally detected unruptured
aneurysms. The study also aimed to correlate vessel wall
enhancement with aneurysm morphology. Additionally, it
examined the relationship between the PHASES aneurysmal
risk score and the pattern of aneurysm wall enhancement.
Understanding the implications of aneurysm wall integrity
on rupture risk can significantly enhance clinical decision-
making, guiding the need for early intervention in vulnerable
patients.

Materials and Methods

Study Population
This prospective observational study was conducted at a

tertiary care center inNorth India over a period of 30months.
The study population included patients, irrespective of age
and gender, with ruptured and/or unruptured intracranial
aneurysms (UIAs), the presence of which was confirmed on
CT and/or DSA. Patients with aneurysm clips, contraindica-
tions to MRI, or gadolinium-based contrast agents were
excluded from the study. The study received approval from
the Institutional Ethics Committee. Informed consent was
obtained from all patients participating in the study after
theywere providedwith comprehensive information regard-
ing the study’s objectives.

Demographic and Clinical Data
The demographic and clinical information, which included
the presence or absence of SAH and other symptoms such as
due to mass effect like cranial nerve palsies, visual distur-
bances, or cognitive alterations in unruptured aneurysms,
were obtained from the medical records of each patient. The
PHASE score (range 0–12) was used to assess the risk of
rupture in case of UIAs (►Table 1).

Imaging Protocol
All patients with confirmed intracranial aneurysms (ruptured
as well as unruptured) underwent VWI using contrast-en-
hancedMRI to assess enhancement patterns andmorphology.
Imaging was performed on a 1.5 T MR scanner (Magnetom
Avanto, Siemens, Erlangen,Germany).Dedicated sequences for
VWI included a whole brain sagittal T1 SPACE (sampling
perfectionwith application optimized contrast using different
flip angle evolution) sequence acquired before and 3minutes
after the administration of a gadolinium-based contrast agent,
gadodiamide at a dose of 0.2mmol/kg body weight. The
imaging parameters were as follows: TR 700ms, TE 19ms,
field of view 260�256, slice thickness 1mm, number of

Table 1 PHASES aneurysmal risk score

PHASES Points

(P) Population

• North American, European (not Finnish) 0

• Japanese 3

• Finnish 5

(H) Hypertension

• No 0

• Yes 1

(A) Age

•< 70 years 0

• � 70 years 1

(S) Size of aneurysm

•< 7.0mm 0

• 7.0–9.9mm 3

• 10.0–19.9mm 6

• � 20.0mm 10

(E) Earlier SAH from another aneurysm

• No 0

• Yes 1

(S) Site of aneurysm

• ICA 0

• MCA 2

• ACA/PCOM/posterior circulation 4

Abbreviations: ACA, anterior cerebral artery; ICA, internal carotid
artery; MCA, middle cerebral artery; PCOM, posterior communicating
artery; SAH, subarachnoid hemorrhage.

Indian Journal of Radiology and Imaging Vol. 36 No. 1/2026 © 2025. Indian Radiological Association. All rights reserved.

Vessel Wall Imaging in Intracranial Aneurysms Jabeen et al.70



slices¼44, andflip angle 120degrees. RoutineMRI sequences,
which included axial T2, fluid-attenuated inversion recovery,
T1, susceptibility- and diffusion-weighted images, as well as a
time-of-flight angiogram, were acquired in addition to high-
resolution VWI.

Image Analysis
Pre- and postcontrast T1 SPACE imageswere visualized using
multiplanar reformation in syngo.via software. Aneurysm
wall enhancement was documented and graded as follows:

• Grade 0: No enhancement
• Grade 1: Focal wall enhancement (►Fig. 1)
• Grade 2: Circumferential wall enhancement (►Figs. 2

and 3)

In case of ruptured intracranial aneurysms, the modified
Fisher grading was used to grade the severity of SAH on the
noncontrast CT brain acquired at presentation. Aneurysm
size, location, width-to-neck ratio, and shape were assessed
on CT angiography using volume rendering technique, max-
imum intensity projections withmultiplanar reformation, or
three-dimensional digital subtraction angiographic images

when available based on standard definitions and technique
of measurement.13,14

Statistical Methods

Data analysis was done using the SPSS Version 29.0 data
editor (SPSS Inc., Chicago, Illinois, United States). Continuous
variables were reported as mean� standard deviation (SD),
while categorical variables were summarized as frequencies
and percentages. The chi-square test or Fisher’s exact test,
as appropriate, was used to compare categorical variables. A
p-value of less than 0.05was deemed statistically significant,
and all p-values were two-tailed.

Results

The study included 60 subjects, out of which 34 (56.7%) were
females and 49 out of 60 (81.6%) were in the age group of 40
to 60 years.

A total of 73 aneurysms were detected in 60 patients, out
of which 13 aneurysms were excluded in view of incom-
plete data or imaging artifacts. Thus, a total of 60 aneurysms

Fig. 1 (A) Coronal reformat of the time-of-flight magnetic resonance angiogram (TOF-MRA) shows a saccular anterior communicating artery
aneurysm (white arrow). (B) Focal faint T1 hyperintensity (red arrow) seen along the aneurysm wall on the coronal noncontrast T1 SPACE
(sampling perfection with application-optimized contrasts using different flip angle evolution) sequence likely represents a small focal
thrombus. (C) Postcontrast coronal T1 SPACE image shows focal enhancement (blue arrow) in the same area.

Fig. 2 (A) Coronal time-of-flight magnetic resonance angiogram shows a saccular aneurysm arising from the left posterior inferior cerebellar
artery (white arrow) close to its origin. (B) Postcontrast coronal T1 SPACE (sampling perfection with application-optimized contrasts using
different flip angle evolution) image shows circumferential aneurysm wall enhancement (white arrow). (C) The aneurysm as visualized on the
lateral view of the left vertebral artery digital subtraction angiogram (black arrow).

Indian Journal of Radiology and Imaging Vol. 36 No. 1/2026 © 2025. Indian Radiological Association. All rights reserved.

Vessel Wall Imaging in Intracranial Aneurysms Jabeen et al. 71



were included in the study. Forty-seven out of 60 patients
(78.3%) in this study had a single aneurysm, with 2 aneur-
ysms in 13 (21.7%) patients. None of the patients had more
than two aneurysms. Sixty percent of aneurysms were
ruptured.

The aneurysm size ranged between 1.1 and 16.2mmwith
a mean of 6.14mm and SD of 4.43mm (6.14�4.43mm).
Only 12 out of 60 (80%) aneurysmsweremore than 10mm in
size. The aneurysm location is detailed in ►Table 2.

There was no statistically significant difference in the
grade of enhancement between risk groups stratified on
the basis of the PHASES aneurysm risk score (►Table 3).

All the ruptured aneurysms showed vessel wall enhance-
ment with circumferential enhancement (►Figs. 2 and 3) in
63.9%. Nowall enhancement was seen in 11 out of 24 (45.8%)
unruptured aneurysms. Among unruptured aneurysms with
wall enhancement, grade 1 enhancement (focal) prevailed
over grade 2 (circumferential) (►Table 4).

There was a statistically significant higher proportion of
wall enhancement among aneurysms with a width-to-neck
ratio of� 1.5 comparedwith thosewith smaller ratios. There
was, however, no influence of shape on aneurysm wall
enhancement (►Table 4).

Discussion

Intracranial aneurysm rupture is a significant cause of
mortality and morbidity worldwide. The development of
intracranial aneurysms is associated with several acquired
and genetic factors. However, there is a significant propor-
tion of these aneurysms, which are incidentally detected and
stay stable over time without undergoing rupture. Although
aneurysm size, location, and shape have been found to be
contributory factors, in the recent past aneurysm wall in-
flammation has been proposed as a possible pathophysio-
logic mechanism in initiating aneurysm rupture. High-
resolution magnetic resonance VWI allows visualization of
enhancement within the aneurysm wall. This enhancement
may be a surrogatemarker for inflammation in ruptured and
unruptured aneurysms.

Wall enhancement was seen in all the ruptured aneur-
ysms on postcontrast T1 SPACE images in our study suggest-
ing that enhancement is an indicator of aneurysm instability.
This enhancement was circumferential in more than half of
the ruptured aneurysms. Our findings are consistent with
the existing literature.15,16 Histological studies have corre-
lated circumferential wall enhancement with infiltration by
inflammatory cells whereas focal wall enhancement is usu-
ally seen at areas of local thrombus formation and athero-
sclerotic changes.

The study’s findings on enhancement patterns, particu-
larly the prevalence of circumferential enhancement, are
consistent with prior research. Edjlali et al noted that cir-
cumferential aneurysmalwall enhancement was significant-
ly more common in unstable aneurysms.16 Supporting this,
our study observed circumferential enhancement in 63.9% of
ruptured aneurysms versus 20.8% of unruptured cases. This
robust association between wall enhancement and aneu-
rysm rupture represents a clinically significant aspect of our
findings, corroborated by Wang et al, who demonstrated a
strong association between wall enhancement and rupture
(odds ratio¼34.26).17 Collectively, these results suggest that

Fig. 3 (A) Sagittal time-of-flight magnetic resonance angiogram shows a saccular anterior communicating artery aneurysm (white arrow).
(B) The aneurysm (white arrow) seen on the sagittal noncontrast T1 SPACE (sampling perfection with application-optimized contrasts using
different flip angle evolution) image. Note linear T1 hyperintensity along the A2 segment (small white arrow) due to subarachnoid hemorrhage
(SAH). (C) Circumferential aneurysm wall enhancement (white arrow) seen on postcontrast sagittal T1 SPACE image with linear hyperintensity
along the A2 segment (small white arrow), which was also seen on the noncontrast images suggestive of SAH.

Table 2 Site of aneurysm in the study population

Site of aneurysm n %

ICA 25 41.7

MCA 13 21.7

ACOM 9 15.0

ACA 7 11.6

Posterior circulation 6 10.0

Total 60 100.0

Abbreviations: ACA, anterior cerebral artery; ACOM, anterior
communicating artery; ICA, internal carotid artery; MCA, middle
cerebral artery.
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wall enhancement could serve as a valuable imaging bio-
marker for identifying high-risk aneurysms.

Among the unruptured aneurysms studied, vessel wall
enhancement was observed in 54.2% of cases, with 33.3%
exhibiting focal enhancement and 20.8% displaying circum-
ferential enhancement. Although our study did not specifi-
cally focus on symptomatic cases, vessel wall enhancement
patterns can serve as important indicators of the stability
and risk associatedwith UIAs. The observed pattern of vessel
wall enhancement may help distinguish high-risk aneur-
ysms that could benefit from closer monitoring or interven-
tion. Fu et al found that symptomatic UIAs were more likely
to show circumferential adventitial wall enhancement and
had a higher wall enhancement index compared with
asymptomatic UIAs.18 Additionally, Xu et al noted that
both qualitative and quantitative wall enhancements mod-
erately predict unstable intracranial aneurysms.19 Similarly,
Fu et al reported that circumferential enhancement was
more prevalent in symptomatic unruptured aneurysms.20

Themoderate correlation between enhancement patterns
and aneurysm type (ruptured vs. unruptured), coupled with

a strong association with SAH grade, suggests that wall
enhancement effectively integrates with existing risk strati-
fication methods. Additionally, the relationship between
aneurysm morphology—specifically, the width-to-neck ra-
tio—and wall enhancement underscores the link between
enhancement and established risk factors for instability and
rupture. Our findings regarding the association between
aneurysm morphology and enhancement resonate with
those of Lv et al, who identified that morphological param-
eters like size ratio and nonsphericity index were indepen-
dently associated with wall enhancement.21

PHASES aneurysm risk score did not correlate with the
enhancement patterns observed in the vessel walls of the
unruptured aneurysms (p-value¼0.99), which suggests that
the PHASES score, which is designed to assess the risk of
aneurysm rupture, cannot be used to predict the degree or
type of vessel wall enhancement in these patients. Further-
more, since the grade andpattern of enhancement are directly
related, the conclusion reinforces that the PHASES aneurysm
risk score is not a reliable indicator of enhancement character-
istics, thereby limiting its utility in predicting aneurysm

Table 3 Association between pattern of enhancement with type of aneurysm and PHASES score

Pattern of enhancement p-Value
(Fisher’s test)No enhancement

n (%)
Focal wall
enhancement
n (%)

Circumferential
wall enhancement
n (%)

Type of aneurysm Ruptured 0 (0.00) 13 (36.1) 23 (63.9) < 0.001

Unruptured 11 (45.8) 8 (33.3) 5 (20.8)

PHASES score 0–2 6 (46.2) 4 (30.7) 3 (23.1) 0.99

3–5 3 (33.3) 4 (44.4) 2 (22.3)

� 6 2 (100) 0 (0.0) 0 (0.0)

p values which are significant have been shown in bold.

Table 4 Association of vessel wall enhancement with type of aneurysm, grade of SAH, morphology, and shape of aneurysm

Vessel wall enhancement p-Value
(Fisher’s test)Yes

n (%)
No
n (%)

Type of aneurysm Ruptured 36 (100.0) 0 (0.0) < 0.001

Unruptured 13 (54.2) 11 (45.8)

Grade of SAH Grade 1 7 (19.4) 0 (0.0) < 0.001

Grade 2 14 (38.8) 0 (0.0)

Grade 3 10 (27.7) 0 (0.0)

Grade 4 5 (28.3) 0 (0.0)

Morphology of aneurysm (width-to-neck ratio) Ratio � 1.5 30 (62.5) 1 (9.1) < 0.002

Ratio< 1.5 18 (37.5) 10 (90.9)

Shape of aneurysm Saccular 44 (89.8) 9 (81.8) 0.43

Fusiform 4 (8.2) 2 (18.2)

Dissecting 4 (8.2) 0 (0.0)

Abbreviation: SAH, subarachnoid hemorrhage.
p values which are significant have been shown in bold.
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stability based on imaging features. This is in contrast to the
study by Lv et al who observed a correlation between wall
enhancement in unruptured aneurysms and higher PHASES
scores, indicating an increased risk of rupture.22 The contrast-
ing findings may stem from differences in sample size, demo-
graphics, clinical characteristics of the populations studied,
and methodological variations, such as imaging techniques
and criteria for measuring enhancement. Additionally, differ-
ences in assessment criteria for vessel wall enhancement and
underlying pathophysiological factors may play a role. These
factors highlight the complexity of aneurysm assessment and
the need for further research to clarify the relationship be-
tween imaging features and risk scores.

While our study primarily employed qualitative assess-
ments of wall enhancement, the literature indicates the po-
tential utility of quantitativemeasures. Notably, studies byWu
et al and Fu et al utilized quantitativemethods suchas contrast
ratios between the aneurysm wall and pituitary stalk.18,23

Future iterations of this research could benefit from incorpo-
rating such quantitative assessments to allow formore precise
comparisons, potentially enhancing the accuracy and repro-
ducibility of wall enhancement evaluations.

A meta-analysis by Wang et al highlighted a particular
association between circumferential enhancement and rup-
ture in small aneurysms (< 7mm).17 Given that the mean
aneurysm size in our study was 6.14mm, the findings
regarding enhancement patterns are especially pertinent
for this size group. The correlation between circumferential
enhancement and rupture risk in small aneurysms further
underscores the value of vessel wall enhancement in evalu-
ating rupture risk, even for smaller aneurysms that might
otherwise be considered lower risk based solely on size.

There were a few limitations of our study. With only 60
patients, the sample size limits the generalizability of the
findings. Larger studies are needed to validate these results.
While the study focuses on qualitative assessments of wall
enhancement, it does not incorporate quantitative measures,
which could have provided more precise and reproducible
data. A size-wise subgroupanalysiswasnot performed inview
of small aneurysm numbers in each size category. However,
only20%of theaneurysmswere larger than10mm.Long-term
follow-up of the patients with intracranial aneurysms may
help in understanding the changes in enhancement pattern
and morphology of aneurysm, which in turn may help in
identifying aneurysms with high risk of rupture.

Conclusion

This study provides compelling evidence for the value of
vessel wall enhancement as an imaging biomarker in the
assessment of intracranial aneurysms. Vessel wall enhance-
ment was observed in all ruptured aneurysms, thus suggest-
ing a potential role of inflammation in the disruption of
aneurysm wall integrity. The strong association between
enhancement and rupture status, alongwith its relationships
to other established risk factors, suggests that wall enhance-
ment could play a crucial role in risk stratification, particu-
larly for unruptured aneurysms. However, further research is

needed to standardize assessment methods, particularly in
quantitativemeasures, and to validate the predictive value of
wall enhancement through larger prospective studies.

Note
This study has not been presented at any previous meet-
ing or conference.
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