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Summary
Background:

Follow-up imaging after coil embolization of visceral artery aneurysms is important for detecting
recanalization. However, CT examination is susceptible to coil artifacts, which sometimes makes
it difficult to assess recanalization. We report 2 cases where recanalization was successfully
visualized using time-resolved magnetic resonance angiography after coil embolization of visceral
artery aneurysms (one case of right internal iliac artery aneurysm and one case of splenic artery
aneurysm). Repeat coil embolization was successfully performed.

Case Report:

Case 1. An 80-year-old male patient with right internal iliac artery (IIA) aneurysm underwent
coil embolization. Aneurysm was located at the bifurcation of the right IIA and therefore, after
making a femorofemoral bypass, the distal part of the right IIA, aneurysm and the common
iliac artery were embolized with a coil. One year later, the size of the aneurysm seemed to have
increased on CT. However, the details were not determined because of metal artifacts. Thus, timeresolved MRA was performed and showed minute vascular flow inside the aneurysm. Angiography
was subsequently performed and blood flow inside the aneurysm was visualized similar to the
findings in time-resolved MRA. Coil embolization was performed once more and vascular flow
inside the aneurysm disappeared. Case 2. A 36-year-old male patient with a splenic artery
aneurysm underwent coil packing with preservation of splenic artery patency. Four years later, coil
compaction was suspected in a CT scan, but CT could not evaluate recanalization because of severe
metal artifacts. Angiography was subsequently performed, showing recanalization of the aneurysm
as did the time-resolved MRA. Therefore, coil embolization of the aneurysm and splenic artery was
performed again.

Conclusions:

Follow-up imaging after coil embolization of visceral artery aneurysms is important for detecting
recanalization. However, it is sometimes difficult to assess recanalization with CT because of
artifacts caused by metal. In our cases, recanalization of aneurysms was clearly shown by timeresolved MRA and re-embolization was successfully performed.
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In conclusion, time-resolved MRA appears to be useful in assessment of recanalization of visceral
artery aneurysms after coil embolization.
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Background
It is important to assess recanalization of visceral artery
aneurysms at follow-up after coil embolization. However,
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it is not easy to evaluate in contrast-enhanced computed
tomography (CT) because of artifacts caused by metal coils.
Here, we report two cases of successful detection of recanalization after coil embolization of right internal iliac
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artery and splenic artery aneurysms using time-resolved
magnetic resonance angiography (MRA).

Case Reports
Case 1
An 80-year-old male patient with right internal iliac artery
(IIA) aneurysm underwent coil embolization. Aneurysm
was located at the bifurcation of the right IIA and therefore, after forming a femorofemoral bypass, the distal part
of the right IIA, aneurysm and the common iliac artery
were embolized with a coil (Figure 1A, 1B). A follow-up
CT was performed every 3 months thereafter. One year
later, a coil compaction was suspected on CT scan images (Figure 1C, 1D) and the size of the aneurysm seemed
to be increased. However, the details could not be identified because of metal artifacts. Thus, time-resolved MRA
was performed and it showed minute vascular flow inside
the aneurysm (Figure 1E). Angiography was performed
and blood flow inside the aneurysm was visualized, similar to the findings in time-resolved MRA (Figure 1F).
Subsequently, coil embolization was performed once more
and vascular flow inside the aneurysm disappeared.

Case 2
A 36-year-old male patient with splenic artery aneurysm
underwent coil packing with preservation of splenic artery
patency (Figure 2A, 2B). A CT examination was performed
every 6–12 months as follow-up. Four years later, a coil compaction was suspected in CT scan imaging (Figure 2C, 2D),
but CT evaluation of recanalization was not possible because
of severe metal artifacts. Therefore, time-resolved MRA
was performed. It showed complete recanalization of the
aneurysm (Figure 2E). Angiography was subsequently performed, showing recanalization of the aneurysm as did the
time-resolved MRA (Figure 2F). Then, coil embolization of
the aneurysm and the splenic artery was performed again.
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Image acquisition and reconstruction
All studies were performed with a 1.5-T MR system
(Achieva, Philips Healthcare, Best, The Netherlands),
using a five-element cardiac surface coil. Time-resolved
MRA imaging was acquired with a 3D MRA T1-weighted
fast field echo (T1-FFE) sequences with the following
parameters: repetition time/echo time =4.7/1.4 msec., flip
angle =40, FOV =400 with 80% rectangular FOV, matrix
336×227, slice thickness =3 mm interpolated to 1.5 mm
and 25 slices were acquired to cover slab thickness of 37.5
mm. A SENSE factor of 2.5 and a keyhole factor of 20%
were used to reduce the number of in-plane phase encoding steps, resulting in a temporal resolution of 1.7 seconds.
Each slab was set to include the aneurysm and portions of
the aorta and parent artery in the temporal phase. Twentyfive 3D volumes were acquired consecutively following a
5-second reference scan. Data acquisition began simultaneously with contrast media (0.1 mmol/kg of Gd-chelate)
injection at a flow rate of 2 mL/sec, followed by a saline
flush of 30 mL during breath holding. All source images from each frame were reconstructed using a maximal
intensity projection algorithm.

Discussion
Visceral artery aneurysms are clinically important because
of high incidence of rupture and life-threatening hemorrhage associated with mortality rates of 20–75% depending on the location of the aneurysm [1]. Considering the
natural history of visceral artery aneurysms and the
risk of rupture, there is a general consensus in the literature to treat such lesions even when patients are asymptomatic [2]. Endovascular procedures are used increasingly more often for the treatment of the aneurysms. It was
reported that particularly coil embolization had evolved,
with new devices and technologies allowing to achieve
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better outcomes in treatment of intracranial aneurysms
[3]. Nevertheless, recurrence due to coil compaction and/or
aneurysm regrowth still remains a limitation of this method
and requires long-term imaging follow-up [4–7]. Situation
is similar in case of visceral artery aneurysms. Digital subtraction angiography (DSA) is an invasive procedure that
involves risks of complications such as formation of a pseudoaneurysm at the puncture site [8]. CTA is very effective in

66

Figure 1. (A) Angiography of the right iliac artery shows an aneurysm
of the right internal iliac artery (arrow). (B) Angiography
performed after coil embolization shows disappearance
of the aneurysm. (C) CT scan performed 1 month after
from coil embolization shows dense coil packing from
common iliac artery to aneurysmal neck (arrow). (D)
CT scan performed 1 year after from coil embolization
shows change of the coil shape (arrow), suggesting coil
compaction. (E) Time-resolved MRA shows enhancement
inside the aneurysm in the arterial phase (arrow),
suggesting recanalization. (F) Repeat angiography shows
enhancement inside the aneurysm, similar to the findings
in time-resolved MRA (arrow).
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detecting aneurysms; however, metal artifacts limit its use
after coil embolization [9]. Recently, MRA became a valuable
option for noninvasive follow-up, as it offers a non-invasive, high-resolution alternative to DSA for screening after
coil embolization due to its high sensitivity in detecting
flow and absence of ionizing radiation [10]. Furthermore,
platinum coils are known to produce very few artifacts in
MR imaging, and thus, MRA is likely to be useful for follow-up after coil embolization [11]. However, conventional
MRA methods possess relatively poor temporal resolution.
An early attempt to perform time-resolved MRA with a
keyhole technique was reported [12]. In this approach, the
outer edges of k-space are sampled only once, followed

Figure 2. (A) Celiac artery angiography shows a splenic artery
aneurysm (arrow). (B) Angiography performed after coil
embolization shows disappearance of the aneurysm. (C) CT
scan performed on the next day after coil embolization
shows densely-packed coils inside the splenic artery
aneurysm (arrow). (D) CT scan performed 4 years after coil
embolization shows coil compaction (arrow). (E) Timeresolved MRA shows enhancement inside the aneurysm in
the arterial phase (arrow) and recanalization is suspected.
(F) Repeat angiography shows complete recanalization of
the aneurysm, similar to the findings in time-resolved MR
angiography (arrow).
by multiple, repeated acquisitions of the central lines of
k-space. In the keyhole technique, emphasis is placed on
obtaining high-contrast information about the inner k-space
as a trade off for spatial resolution of the outer k-space.
More frequent sampling of the outer edges of k-space by
using time-resolved imaging with contrast kinetics may
help improve sampling of the outer edges of k-space, where
detail and edge information are contained. Recently, Choi
et al. [13] reported the usefulness of time-resolved MRA in
follow-up after stent-assisted coil embolization of intracranial aneurysms. They demonstrated that, by using a timeresolved MRA technique, venous contamination or perianeurysmal enhancement could be effectively eliminated.
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In our cases, recanalization of aneurysms was clearly
shown by time-resolved MRA. We could find coil compaction in CT scan images; however, it was impossible to
assess recanalization using CT because of severe metal
artifacts. We think that time-resolved MRA is a suitable
modality to assess recanalization even after coil embolization. However, this examination takes a long time
and injection of contrast medium is required. Thus, we
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recommend routine follow-up by plain radiography and
performing time-resolved MRA only whenever necessary.
Namely, time-resolved MRA should be performed when coil
compaction is suspected in an, x-ray.
In conclusion, time-resolved MRA appears to be useful in
assessment of recanalization of visceral artery aneurysms
after coil embolization.
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