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ABSTRACT

BACKGROUND AND PURPOSE: Endovascular treatment of intracranial aneurysms aims at preventing aneurysm rupture. Contrast-
enhanced black-blood MR imaging facilitates imaging of the vessel walls and the aneurysmal sac contents and is therefore suitable
for studying the healing process. This study aims to describe imaging findings of aneurysmal contrast enhancement following endo-
vascular treatment and its correlation to recurrence and elapsed time since coiling.

MATERIALS AND METHODS: Patients undergoing MR imaging follow-up after endovascular treatment of an intracranial aneurysm
were included. Contrast-enhanced black-blood T1WI was acquired. Aneurysm wall and intra-aneurysmal enhancement were inde-
pendently assessed by 2 neuroradiologists and were related to the time elapsed since coiling and the presence of recurrence.

RESULTS: Thirty aneurysms in 30 patients were included. The median time elapsed since treatment was 417 days (interquartile range,
189–1273 days). Aneurysmal contrast enhancement was seen in 24/30 (80%) aneurysms. Enhancement inside the sac in 55% (n ¼ 17),
the wall in 23% (n ¼ 7), at the dome (n ¼ 1), or at the base (n ¼ 6) was observed. No statistically significant correlation between
aneurysmal contrast enhancement and the elapsed time (P ¼ .83) and presence of a recurrence (P ¼ .184) was detected. In 28/30
patients, the images were of adequate diagnostic quality. Stent implants caused negligible image artifacts.

CONCLUSIONS: Intra-aneurysmal contrast enhancement following endovascular treatment of intracranial aneurysms is a common
finding and likely reflects the healing process. A long-term study to examine changes occurring with time and their association
with packing density, type of coils (bare platinum versus bioactive coils), and aneurysm recurrence is underway (German Clinical
Trials Register, DRKS-ID: DRKS00014644).

The safety and efficacy of endovascular treatment of both rup-
tured and unruptured aneurysms have been shown in many

large, multicenter trials.1-3 The main drawback of endovascular
treatment is the recanalization of an initially occluded aneurysm.
This occurs in about one-fourth to one-third of patients. In about
9% of patients, retreatment is required.4

Mechanisms leading to aneurysm recurrence include coil
compaction secondary to poor packing or aneurysm growth5 and
coil extrusion into the subarachnoid space or an intraluminal
thrombus.6,7 Aneurysm recurrence is facilitated by poor throm-
bus organization due to the biologically inert platinum coil

material;8 instability of the fresh, unorganized thrombus and deg-
radation by thrombolysis; continued transmission of pulsations
from the parent vessel into the aneurysm;9 incomplete neointimal
coverage of the aneurysm neck;10 and neovessel formation in the
lumen of the aneurysm, exposing the aneurysmal cavity to con-
tinuous blood flow.11

Following endovascular treatment of intracranial aneurysms,
the aneurysms undergo a prolonged healing process. This process
involves a cascade of events, including an inflammatory reaction
occurring within the aneurysm and at its neck. This process may
last .1 year. Ideally, aneurysm healing should end in a complete
re-endothelialization of the aneurysm neck.11

Contrast enhancement following aneurysm coiling is a known
observation, which is only rarely reported in the current litera-
ture. The 2 largest series were published by the same research
group reporting their patient cohort.12,13

High-resolution T1-weighted contrast-enhanced MR black-
blood imaging may depict not only enhancement of the vessel
wall but also the sac contents.14 We hypothesized that contrast
enhancement of the aneurysm wall and/or inside the intra-aneur-
ysmal sac is associated with the healing process following
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aneurysm treatment, and as a corollary, contrast enhancement is
associated with the stability of the result following aneurysm
treatment. This study aims to describe the imaging findings of
aneurysmal contrast enhancement on high-resolution 3D black-
blood MR imaging following endovascular treatment and to
assess the correlation between these findings and the presence of
aneurysm recurrence and the elapsed time since coiling. Factors
such as patient cooperation and image quality will also be
addressed.

MATERIALS AND METHODS
Research Design
This was a nonrandomized, prospective, observational, diagnostic
imaging study. The study was approved by the institutional
review board. Informed written consent was obtained from all
patients.

Patients
Consecutive patients, presenting for their regular follow-up MR
imaging/MRA examination after endovascular treatment of a
ruptured or unruptured intracranial aneurysm were included if
they fulfilled the following criteria: 18 years of age or older and
no known contraindication to gadolinium contrast agents (eg,
previous moderate-to-severe allergic reaction or a glomerular fil-
tration rate of ,60mL/min/1.73 m2). No restriction on the time
elapsed since the last endovascular treatment was imposed.

MR Imaging Protocol
The study was conducted using vendor-supplied sequences
approved for clinical application. All examinations were per-
formed on a Magnetom Prisma 3T scanner (Siemens, Erlangen,
Germany) using a 64-element head coil.

Study sequences (Table 1) included pre- and postcontrast
axial 2D, turbo inversion recovery magnitude, black-blood, fat-
suppressed T1WI and sagittal 3D sampling perfection with
application-optimized contrasts by using different flip angle
evolution (SPACE sequence; Siemens) T1WI with and without
compressed sensing. During the administration of the contrast
medium, a coronal flash 3D and a time-resolved MR angiogra-
phy sequence were acquired. Gadolinium contrast agent (gado-
teridol, ProHance; Bracco Imaging S.p.A, Milan, Italy) was
administered in a weight-adapted dose of 0.1mmol/kg body
weight intravenously.

Study Sequences
The spatial resolution and other scan parameters are summarized
in Table 1.

Assessment of Aneurysms and Black-Blood MR Imaging
Sequences
We determined the following measures:

• Presence and location of aneurysmal contrast enhancement:
at the base (interface to the parent vessel), at the dome, inside
the aneurysm sac, and in the sidewalls.

• Subjective evaluation of the aneurysmal contrast-enhance-
ment intensity performed and graded using a 4-point semi-
quantitative scale: none/faint/moderate/strong.

• Analysis of the aneurysm size and location on the DSA and
the interval between treatment and MRI examination.

• Image degradation due to artifacts after treatment using
stents/flow diverters, subjectively determined.

• The rate of patient compliance for MRI—that is, the presence
of motion artifacts and number of patients interrupting the
examination.

Aneurysm Recurrence
The detection of aneurysm recurrence was based on the evalua-
tion of images from nonenhanced TOF-MRA. It was defined as
any visually detected signal inside an aneurysm of any size.
Further DSA examinations were indicated only in the clinical
context. The results of the DSA were not considered in this study.

Statistical Methods
Descriptive statistics were used for the demographic data of the
patients. A 2-sided Fisher exact test was used to examine the cor-
relation between aneurysm recurrence and the presence of con-
trast enhancement. An unpaired 2-sided t test was used to assess
the correlation between elapsed time since endovascular treat-
ment and contrast enhancement.

RESULTS
Between April 2017 and February 2018, we prospectively
included all consecutive patients presenting for the MR imag-
ing follow-up examination after endovascular treatment of an
intracranial aneurysm. A total of 31 patients (20 women) were
included. One patient discontinued the examination before

Table 1: Black-blood MR imaging study sequence protocols

2D T1WI TIRM Black-Blood 3D T1WI SPACE Black-Blood 3D T1WI CS-SPACE Black-Blood
Section orientation Axial and coronal Sagittal Sagittal
TR, TE, TI (ms), FA, NEX, PAT 2000, 11, 1200, 150°, 2, GRAPPA 2 710, 11, N/A, N/A, 1, GRAPPA 2.

echo train length 157 ms
800, 10, N/A, N/A, 1, GRAPPA 2.
echo train length 269 ms

FOV 230 � 201mm 230 � 230mm 225 � 225mm
Matrix 512 � 410 256 � 265 448 � 448
Section thickness 2mm (10% gap) 0.9mm 0.64mm
Spatial resolution 0.45 � 0.45 � 2mm 0.9mm (isotropic) 0.5 � 0.5 � 0.64mm
No. of slices 15 192 256
Scan time 4min 6 sec 6min 48 sec 6min 54 sec

Note:—FA indicates flip angle; TRIM, turbo inversion recovery magnitude; CS-SSPACE, sampling perfection with application-optimized contrasts by using different flip
angle evolutions using compressed sensing; GRAPPA, generalized autocalibrating partially parallel acquisition; PAT, parallel acquisition technique.
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application of contrast medium. There were no observed
adverse effects due to the administration of contrast medium.

Patient and Aneurysm Data
The demographic data of the patient cohort are summarized in
Table 2. The different locations of the included aneurysms are
summarized in Table 3.

Association between Aneurysm Recurrence and Contrast
Enhancement
The MR imaging–detected recurrence rate was 18/30 (60%). A
2-sided Fisher exact test (Table 4) showed no statistically signifi-
cant association between aneurysm recurrence and aneurysmal
enhancement (P ¼ .184).

Elapsed Time since Coiling
The median elapsed time since endovascular treatment was
417days (interquartile range, 189–1273 days) (Table 2 and Fig 1).
All aneurysms except one that did not show any contrast
enhancement were imaged within 2 years after treatment. One
aneurysm without contrast enhancement was examined at an
interval of 4.5 years following treatment (Fig 1). Aneurysms with
any contrast enhancement were imaged up to an interval of
14.5 years. An unpaired 2-sided t test showed no statistically sig-
nificant association between the elapsed time since endovascular
treatment and contrast enhancement (P¼ .83).

Grading and Location of Aneurysmal Contrast
Enhancement
In 24/30 patients, contrast enhancement of the embolized an-
eurysm was observed. Eighteen aneurysms showed contrast
enhancement solely in 1 location; 5 aneurysms, in 2 locations
of the same aneurysm; and 1 aneurysm, in 3 different loca-
tions of the same aneurysm. Thus, a total of 31 locations of
contrast enhancement in 24 aneurysms were recorded (Figs
2–4). Contrast enhancement inside the aneurysm sac was the
most common location (17/31, 55%), followed by contrast
enhancement of the sidewalls (7/31, 23%), and at the aneurysm
base (6/31, 19%). Last, contrast enhancement of the aneurysm
dome was observed in only 1 patient (1/31, 3%). Faint enhance-

ment was observed 10/31 times, while
moderate enhancement was observed
5/31 times. Strong enhancement was
encountered 16/31 times. The results
are listed in Table 5.

Image Degradation/Artifacts
Of 30 patients, 7 were treated using
stents (flow diverter, n ¼ 2; stent-
assisted coiling, n ¼ 3; and bifurcation
aneurysm stent, n ¼ 2). These metallic
stent implants led to no or only mini-
mal degradation of the image quality.

Patient Compliance
In 28/31 patients, the images acquired
were of good diagnostic quality. One
patient discontinued the examina-
tion before the administration of
contrast medium, so postcontrast
images were not available for evalu-
ation. Slight motion artifacts were
observed in 2/31 patients. These
artifacts were deemed to not greatly
affect the diagnostic quality of the
images and were included in our

Table 2: Patient demographic data

Median Range
Interquartile

Range
Age (yr) 54 33–77 47–61
Days since treatment 417 87–5318 189–1273
Aneurysm diameter (cm) 7 3–20 5–10

Table 3: Location of intracranial aneurysms
Aneurysm Location Frequency Percentage

Basilar artery, tip 4 12.9%
Anterior cerebral artery, A1 segment 1 3.2%
Anterior communicating artery 12 38.7%
Internal carotid artery, paraophthalmic 2 6.5%
Internal carotid artery, terminus 1 3.2%
Anterior choroidal artery 2 6.5%
Vertebral artery 2 6.5%
Posterior communicating artery 7 22.6%

Table 4: Association between aneurysm recurrence and
aneurysmal contrast enhancement

Contrast Enhancement
Aneurysm Recurrence Yes No Total
Yes 16 2 18
No 8 4 12
Total 24 6 30

FIG 1. Temporal distribution of aneurysmal contrast enhancement analyzed in the days since
endovascular treatment.
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evaluation. These 2 patients neither
had a recurrence following endovas-
cular treatment nor showed aneur-
ysmal contrast enhancement on the
study sequences.

DISCUSSION
The standard of care for follow-up
after endovascular treatment of intra-
cranial aneurysms includes regular
MR imaging/MRA examinations. Our
institutional standard is to perform
follow-up MR imaging/MRA of intra-
cranial aneurysms after endovascular
treatment using 3T MR imaging and
3D TOF-MRA after 6, 18, 36, and
60months.15 The decision to perform
re-angiography and consider retreat-
ment is made on the basis of the
detection of relevant flow signal at the
aneurysm base or within the aneu-
rysm, compaction or expansion of the
coil mass, and/or aneurysm growth.

In this study, we used contrast-
enhanced T1-weighted black-blood
MR imaging sequences with a high
spatial resolution at 3T. We used
both axial and coronal 2D black-
blood sequences with a high in-
plane resolution (0.45� 0.45 mm) at a
section thickness of 2mm and an iso-
tropic 3D black-blood sequence (0.9
mm). The higher signal-to-noise ratio
of the 2D sequences allows a better
assessment of the vessel wall and the
sac content, and because the position
of the aneurysm is known, the limited
coverage of the 2D sequences is not
disadvantageous.16 A future direction
to further improve the spatial resolu-
tion of 3D black-blood imaging with
whole-brain coverage at adequate scan
times may be the use the recently intro-
duced compressed sensing SPACE.17

The main result of our study was
the detection of aneurysmal contrast
enhancement in 80% (24/30) of the
treated aneurysms. It occurred mostly
within the aneurysm sac between the
coils (55%), but also in about 20% of
cases in the aneurysm walls and/or at
the aneurysm base. The etiology of the
contrast-enhancing tissue is not clear;
however, it is most likely related to
organized blood clot, granulation tis-
sue, and the subsequent healing pro-
cess of the treated aneurysm.

FIG 2. Anterior communicating artery aneurysm after endovascular treatment. Axial nonen-
hanced (left) and contrast-enhanced (right) black-blood MR images show enhancement of the
sidewall and inside the aneurysm sac.

FIG 3. Tip of a basilar artery aneurysm after endovascular treatment. Axial nonenhanced (left)
and contrast-enhanced (right) black-blood MR images show contrast enhancement of the
sidewall and inside the aneurysm sac.

FIG 4. Anterior communicating artery aneurysm after endovascular treatment. Axial TOF-MRA
(left) and axial nonenhanced (middle) and contrast-enhanced (right) black-blood MR images show
recurrence at the base of the aneurysm. The same aneurysm shows contrast enhancement inside
the aneurysm sac.
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Most previously published studies using postgadolinium
black-blood MR imaging sequences offered analysis of contrast
enhancement in previously untreated, incidental intracranial
aneurysms for potential use as an indicator of aneurysm instabil-
ity or rupture risk18,19 or to define the site of an already ruptured
aneurysm.20,21 Literature regarding contrast-enhanced MR imag-
ing of intracranial aneurysms following endovascular treatment
is limited to examining patients using standard T1WI.12,13 Thus,
to our knowledge, there are no published data systematically
addressing contrast enhancement of intracranial aneurysms fol-
lowing endovascular treatment using black-blood MR imaging
sequences.

We found no statistically significant association between con-
trast enhancement and the time elapsed since treatment. We also
found no significant association with the presence of an aneu-
rysm recurrence on the same MR imaging examination. A corre-
lation between the presence and/or temporal changes of the
contrast enhancement and the durability of the treatment result
after endovascular aneurysm occlusion across time may be more
interesting to examine, but these relationships are outside the
scope of our study due to the cross-sectional nature of our data
and the small sample size.

Overall, the image quality of treated aneurysms was adequate
in our study. Images of patients treated with intravascular stent
implants (including flow-diverter stents) showed only minimal

artifacts without relevant image degra-
dation. Guan et al22 reported similar
findings regarding the utility of high-
resolution 3D black-blood MR imag-
ing in the follow-up of intracranial
aneurysms treated with flow diverters.

Limitations of our study are the
small sample size and the cross-sec-
tional nature of the data in our study
cohort. Our cohort included patients
with a wide range of intervals follow-
ing the treatment of the aneurysms
(up to about 14.5 years). Moreover,
because we examined only aneurysms
following endovascular treatment,
there is a lack of histopathologic cor-
relation of the treated aneurysms,
so the exact cause of the contrast
enhancement following treatment
cannot be verified.

On the basis of this study, we
started a long-term follow-up study to
evaluate temporal changes of contrast
enhancement during the follow-up
period and to test for an association of
contrast enhancement with aneurysm
recurrence. This study is registered in
the German Clinical Trials Register
(DRKS-ID: DRKS00014644).

CONCLUSIONS
Contrast enhancement of intracranial

aneurysms following endovascular treatment is a common
finding of unknown clinical significance. It is mostly observed
within the aneurysmal sac and likely is a sign of a healing
process. We are currently running a long-term study to exam-
ine changes in aneurysmal contrast enhancement occurring
across time and their association with aneurysm recurrence.
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