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PURPOSE 
We aimed to evaluate the outcomes of coil embolization of 
true visceral artery aneurysms by three-dimensional con-
trast-enhanced magnetic resonance (MR) angiography. 

MATERIALS AND METHODS 
We used three-dimensional contrast-enhanced MR angiogra-
phy, which included source images, to evaluate 23 patients 
(mean age, 60 years; range, 28–83 years) with true visceral 
artery aneurysms (splenic, n=15; hepatic, n=2; gastroduode-
nal, n=2; celiac, n=2; pancreaticoduodenal, n=1; gastroepip-
loic, n=1) who underwent coil embolization. Angiographic 
aneurysmal occlusion was revealed in all cases. Follow-up MR 
angiography was conducted with either a 1.5 or 3 Tesla sys-
tem 3–25 months (mean, 18 months) after embolization. MR 
angiography was evaluated for aneurysmal occlusion, hemo-
dynamic status, and complications. 

RESULTS 
Complete aneurysmal occlusion was determined in 22 pa-
tients (96%) on follow-up MR angiography (mean follow-up 
period, 18 months). Neck recanalization, which was observed 
at nine and 20 months after embolization, was confirmed in 
one of eight patients (13%) using a neck preservation tech-
nique. In this patient, a small neck recanalization covered by 
a coil mass was demonstrated. The complete hemodynam-
ic status after embolization was determined in 21 patients 
(91%); the visualization of several collateral vessels, such as 
short gastric arteries, after parent artery occlusion was poor 
compared with that seen on digital subtraction angiography 
in the remaining two patients (9%). An asymptomatic local-
ized splenic infarction was confirmed in one patient (4%).

CONCLUSION 
Our study presents the follow-up results from three-dimen-
sional contrast-enhanced MR angiography, which confirmed 
neck recanalization, the approximate hemodynamic status, 
and complications. This effective and less invasive method 
may be suitable for serial follow-up after coil embolization of 
true visceral aneurysms.

T rue visceral artery aneurysms are a rare and uncommon form of 
vascular disease often found incidentally in 0.09% to 2% of the 
general population (1–3). However, these true aneurysms have an 

incidence of rupture and mortality rate of 20% to 75% due to life-threat-
ening hemorrhage (4, 5). Aneurysms can be saccular or fusiform. Endo-
vascular treatment of true visceral artery aneurysms using coil emboliza-
tion has been reported as an invasive and effective procedure to prevent 
rupture (6). 

Various modalities have been used as follow-up evaluation methods 
after coil embolization of visceral artery aneurysms, including computed 
tomography (CT), magnetic resonance (MR) angiography, ultrasonogra-
phy (US), and digital subtraction angiography (DSA) (6, 7). However, 
specific methods and the ideal follow-up times after coil embolization 
of visceral artery aneurysms are not well established. Coil embolization 
of visceral artery aneurysms occasionally result in neck recanalization, 
growth of a residual aneurysm neck or body remnant, organ infarction, 
and coil migration (7–9). In particular, one group reported that neck 
recanalization was effectively followed up by three-dimensional (3D) 
contrast-enhanced MR angiography (CEMR angiography) (8). 

The aim of the present study was to evaluate the outcomes of coil em-
bolization of true visceral artery aneurysms and to assess the role of 3D 
CEMR angiography as a follow-up method.

Materials and methods
Patients

CEMR angiography was performed after coil embolization of true vis-
ceral artery aneurysms. This retrospective study was approved by the 
review board of our institution, and written informed consent was ob-
tained from each patient or a corresponding family member prior to coil 
embolization. 

Twenty-three patients (male, 13; female, 10; mean age, 60 years; age 
range, 28–83 years) with true visceral aneurysms were treated between 
February 2006 and September 2012. Aneurysms in all patients were di-
agnosed with either CT or US. Indications for treating true aneurysms 
were determined based on a previous study (10) and included aneu-
rysms measuring 1.5 to 2 cm in diameter, symptoms attributable to an-
eurysms, an increasing aneurysm size, and childbearing age. Aneurysms 
were localized within the splenic artery (n=15), hepatic artery (n=2), 
gastroduodenal artery (n=2), celiac artery (n=2), inferior pancreaticodu-
odenal artery (n=1), and right gastroepiploic artery (n=1) (Table). An-
eurysms were saccular (n=21) or fusiform (n=2) (Table). Angiographic 
aneurysmal occlusion was revealed in all cases. An aneurysm with a mu-

Department of Radiology (M.Koganemaru  mkoganemaru@
med.kurume-u.ac.jp), Kurume University School of Medicine, 
Fukuoka, Japan.

Received 27 May 2013; revision requested 18 July 2013; revision received 
22 July 2013; accepted 2 August 2013.

Published online 16 December 2013.
DOI 10.5152/dir.2013.13236

129



130 • March–April 2014 • Diagnostic and Interventional Radiology	 Koganemaru et al.

ral thrombus was observed in only one 
patient (Patient no: 21) (Table).

Coil embolization technique
Preoperative 3D CT angiography 

was performed to evaluate the size and 
form (with or without mural throm-
bus) of aneurysms. Coil embolizations 
were performed using the common 
femoral artery approach. Following 
regional local anesthesia around the 
common femoral artery, a puncture 
was created using the Seldinger tech-
nique. Systemic heparinization was 
then performed after placement of the 
arterial introducer sheath according 
to our embolization protocol. Heparin 
(3000 IU) was administered as an in-
travenous bolus injection followed by 

an additional 1000 IU every hour. The 
location and form of the aneurysm was 
determined by DSA using a 4 F or 5 F 
diagnostic catheter with rotational an-
giographic acquisition, and selective 
arterial injection was performed using 
a flat panel angiography system (Inno-
va 4100, GE Healthcare, Milwaukee, 
Wisconsin, USA). A 2 F microcathe-
ter (Excelsior 1018, Boston Scientific, 
Natick, Massachusetts, USA) was in-
serted into the aneurysm sac or par-
ent artery of the aneurysm using the 
coaxial technique. Coil embolization 
was performed by three qualified phy-
sicians, each with at least six years of 
experience performing coil emboliza-
tions with Guglielmi detachable coils 
(GDC, Boston Scientific), interlocking 

detachable coils (IDC, Boston Scien-
tific), and/or another detachable coil 
(Cerecyte, Micrus Endovascular, San 
Jose, California, USA). Selective exclu-
sion of the arterial lesion with micro-
coils deployed across the neck into the 
sac of the aneurysm (coil packing) to 
preserve the parent arterial circulation 
with or without the use of the neck 
preservation technique (neck remod-
eling technique) was achieved in eight 
patients (Fig. 1). In the remaining 15 
patients, the parent arterial circulation 
(e.g., isolation technique at sites both 
distal and proximal to the aneurysm 
embolization) was occluded because 
the aneurysms had a broad neck and 
were fusiform, and no organ infarc-
tions were observed by angiography 

Table. Summary of patient profiles, aneurysm, embolization technique, and embolization follow-up outcome 

Patient 	 Age (years),			   Maximum size	 Embolization	 Follow-up period
number	  gender	 Location	 Form	  (mm)	 technique	  (months)	 Outcome

1	 28, F	 SA	 Saccular	 16	 CP (PP with NR)	 21	 Complete occlusion

2	 60, F	 SA	 Saccular	 17	 CP (PP with NR)	 23	 Complete occlusion

3	 67, M	 SA	 Saccular	 21	 Isolation	 21	 Complete occlusion

4	 44, M	 SA	 Saccular	 16	 CP (PP with NR)	 22	 Complete occlusion

5	 71, M	 RGEA	 Saccular	 13	 Isolation and CP	 25	 Complete occlusion

6	 47, M	 CHA	 Fusiform	 22	 Isolation and CP	 24	 Complete occlusion

7	 57, M	 SA	 Saccular	 38	 Isolation and CP	 22	 Complete occlusion

8	 32, F	 SA	 Saccular	 22	 Isolation and CP	 22	 Complete occlusiona

9	 49, M	 SA	 Saccular	 24	 Isolation and CP	 24	 Complete occlusion

10	 83, F	 SA	 Saccular	 20	 Isolation and CP	 21	 Complete occlusion

11	 69, M	 IPDA	 Saccular	 11	 CP	 22	 Complete occlusion

12	 80, F	 SA	 Saccular	 21	 CP (PP with NR)	 21	 Complete occlusion

13	 49, F	 SA	 Saccular	 11	 CP (PP)	 22	 Complete occlusion

14	 77, F	 CHA	 Saccular	 46	 Isolation	 21	 Complete occlusion

15	 47, F	 SA	 Saccular	 23	 CP (PP with NR)	 20	 Neck recanalizationb

16	 65, F	 SA	 Saccular	 20	 CP and isolation	 21	 Complete occlusion 

17	 71, M	 CA	 Fusiform	 21	 CP	 22	 Complete occlusion 

18	 65, M	 GDA	 Saccular	 22	 CP and isolation	 21	 Complete occlusion 

19	 65, F	 SA	 Saccular	 20	 CP (PP with NR)	 9	 Complete occlusion 

20	 52, M	 SA	 Saccular	 20	 CP and isolation	 9	 Complete occlusion

21	 70, M	 GDA	 Saccular	 30	 CP and isolation	 3	 Complete occlusion 

22	 69, M	 CA	 Saccular	 28	 CP	 3	 Complete occlusion 

23	 61, M	 SA	 Saccular	 23	 CP (PP)	 3	 Complete occlusion 

aSplenic infarction at three months.
bNeck recanalization at nine and 20 months.
CA, celiac artery; CHA, common hepatic artery; CP, coil packing; F, female; GDA, gastroduodenal artery; IPDA, inferior pancreaticoduodenal artery; M, male; 
MRA, magnetic resonance angiography; NR, neck remodeling technique; PP, preserving the parent artery circulation; RGEA, right gastroepiploic artery; SA, 
splenic artery.
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(Figs. 2–4). Angiographic results of coil 
embolization were obtained in all pa-
tients who had complete aneurysmal 
occlusion and no complications (e.g., 
organ infarction).

Follow-up MRI methods and techniques
We used 3D CEMR angiography to 

evaluate all patients after coil embo-
lization. Follow-up imaging was con-
ducted with either a 1.5 Tesla (T) mag-
netic resonance imaging (MRI) system 
(n=4) (Magnetom Symphony Siemens 
Medical Solutions, Erlangen, Germa-
ny) or a 3 T MRI system (n=19) (Sig-
na HDxt, GE Healthcare). Follow-up 
examinations were performed using 3 
T MRI after April 2007. The first fol-
low-up CEMR angiography examina-
tion was conducted three months after 
embolization, the second was conduct-
ed six months after the first follow-up, 
and the third was conducted one year 
after the second follow-up. That is, 

CEMR angiography was conducted 
at approximately three, nine, and 21 
months after the initial embolization. 
However, CEMR angiography was per-
formed every six months if abnormal 
findings were detected during any of 
the follow-up tests.

1.5 T MRI: image acquisition system, tech-
nique, and parameters

The 3D CEMR angiography imaging 
was performed on a 1.5 T MRI scanner 
using generalized autocalibrating par-
tially parallel acquisitions and a sen-
sitivity encoding body array coil with 
a six-coil element. Imaging was per-
formed using a coronal 3D volumetric 
interpolated breath-hold examination 
(TR, 4.6 ms; TE, 1.5 ms; flip angle, 25°; 
slice thickness, 2.5 mm; field of view 
(FOV), 320×350 mm; matrix, 160×384; 
SENSE factor, 2). Data were acquired 
with a voxel size of 2×0.9×2.5 mm, and 
images were reconstructed with a vox-

el size of 1×0.45×2.5 mm through in-
plane zero-filling interpolation.

3 T MRI: Image acquisition system, tech-
nique, and parameters

The 3D CEMR angiography imaging 
was performed on a 3 T MRI scanner 
using an array spatial sensitivity en-
coding technique and a sensitivity en-
coding cardiac coil with an eight-coil 
element. The imaging was performed 
with axial 3D breath-hold liver acquisi-
tion with volume acceleration (TR, 3.3 
ms; TE, 1.5 ms; TI, 5 ms; flip angle, 12°; 
slice thickness, 2 mm; FOV, 320×380 
mm; matrix, 192×320; acceleration 
factor, 2). Data were acquired with a 
voxel size of 1.7×1.2×2 mm, and im-
ages were reconstructed with a voxel 
size of 0.625×0.74×2 mm by in-plane 
zero-filling interpolation. 

The breath-hold time for acquisition 
was 25 s for both 1.5 and 3 T MRI. Ga-
dodiamide contrast agent (Omniscan, 
Daiichi Sankyo, Tokyo, Japan) was in-
jected into a dorsal hand vein at 0.1 
mmol/kg body weight (2 mL/s) for a 
dynamic study with an automatic in-
fusion system (Sonic Shot GX, Nemo-
to Kyorindo Co., Ltd., Tokyo, Japan). 
A saline flush (30 mL) was also per-
formed. 

CEMR angiography image analysis
CEMR angiography image analysis 

was performed on a 3D workstation 
(Advantage Workstation, version 4.6, 
GE Healthcare) using subtracted source 
images to obtain multiplanar reformat-
ted, maximum-intensity projection. 
Two interventional radiologists (M.K., 
A.K.) with more than six and fifteen 
years of experience, retrospectively an-
alyzed the anonymized image data in 
a three-stage procedure. This was con-
ducted by a side-by-side comparison 
with coil embolization on DSA. First, 
source images and 3D maximum in-
tensity projections were evaluated for 
aneurysm occlusion according to Roy’s 
classification (class 1, complete occlu-
sion; class 2, residual/recurrent neck; 
and class 3, residual/recurrent aneu-
rysm) (11). Second, the hemodynamic 
status, such as the collateral and parent 
arterial circulation status, was evaluat-
ed. Third, post-coil embolization-relat-
ed complications were evaluated (e.g., 
organ ischemic changes). Major and 

Figure 1. a–d. A 47-year-old female with a true splenic artery aneurysm. A celiac arteriogram (a) 
shows a saccular splenic artery aneurysm. A celiac arteriogram after coil embolization using a neck 
preservation technique (b) shows occlusion of the aneurysm and patency of the splenic artery. 
Follow-up contrast-enhanced 1.5 T MR angiograms (maximum intensity projection and source 
image) performed at nine months after initial embolization (c, d) show clear enhancement of the 
enlarged parent artery (d, curved arrow) without an increase in aneurysm size (d, arrowheads). This 
suggested neck recanalization (c, d, arrows).

d
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minor complications were evaluated ac-
cording to the Society of Interventional 
Radiology reporting standards (12). 

Results
Twenty-three patients with true vis-

ceral artery aneurysms were evaluated 
by CEMR angiography (source images 
included) after coil embolization; no 
prominent metallic artifacts were found 
(Figs. 1–4). The interval between coil 
embolization and the follow-up CEMR 
angiography examination was 3–25 
months (mean, 18 months) (Table). 

A small neck recanalization (class 3) 
was observed in one of eight patients 
(13%) using a neck preservation tech-
nique by CEMR angiography. In one 
patient, complete aneurysm occlusion 
at three months after embolization 
was observed; however, neck recanali-

zation was observed between nine and 
20 months after embolization (Fig. 1). 
Re-embolization was not performed 
in this patient given the small neck 
recanalization at nine and 20 months 
post-treatment; follow-up was recom-
mended for this particular patient. The 
remaining seven patients using a neck 
preservation technique and all patients 
treated by parent artery occlusion 
(n=15) showed complete occlusion 
(class 1) at follow-up.

The hemodynamic status following 
embolization was determined in 21 
patients (91%) by CEMR angiography; 
there were no prominent metallic ar-
tifacts (Figs. 2–4). The visualization of 
several small collateral vessels (short 
gastric arteries, pancreatic arteries, and 
omental arteries) after parent artery oc-
clusion was poor compared with DSA 

visualization in the remaining two pa-
tients (9%) (Fig. 3). Excellent visualiza-
tion of the parent artery was achieved 
in all patients using a neck preserva-
tion technique during the follow-up 
period (Fig. 1). 

We also confirmed an asymptomat-
ic localized splenic infarction at three 
months after embolization in one 
patient (4%); however, this was diag-
nosed as class A and thus required no 
therapy. No other additional compli-
cations were observed in any of the 
patients. 

Discussion
Follow-up protocols after emboliza-

tion are not yet well established and 
are inconsistent among previous re-
ports. Methods for follow-up imaging 
after endovascular treatment of vis-

Figure 2. a–e. A 69-year-old male with a true celiac artery aneurysm. A celiac arteriogram after coil embolization using the coil packing 
technique (a) shows complete occlusion of the aneurysm (curved arrow) and the common hepatic artery via collateral circulation by the 
right gastric artery from the left gastric artery (arrows). A superior mesenteric arteriogram after coil embolization (b) shows complete 
occlusion of the aneurysm (curved arrow). Note the arterial flow of the hepatic arteries via collateral circulation by the pancreaticoduodenal 
arteries (arrowheads) and the splenic artery via collateral circulation by the dorsal pancreatic artery (arrow). Unenhanced CT for detailed 
examination of acute cholangitis four months after coil embolization (c) shows strong metallic coil artifacts. Follow-up contrast-enhanced 3 T 
MRI (dynamic study; axial image) performed three months after initial embolization (d) shows complete occlusion of the aneurysm without 
metallic artifacts (arrowheads). Follow-up contrast-enhanced 3 T MR angiogram (maximum intensity projection; oblique view) performed 
three months after initial embolization (e) shows clear enhancement of the collateral circulation, such as the right gastric artery (white arrows), 
pancreaticoduodenal arteries (arrowheads), and dorsal pancreatic artery (black arrow). 
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ceral and renal artery aneurysms have 
been reported in 14 publications (6, 7, 
13–24). In regards to the follow-up im-
aging modality, CT examination was 
reported in 13 publications and was 
thus the most widely used (7, 13–24). 
In fact, CT was the only follow-up 
examination method used in nine of 
these publications (13, 14, 16, 19–24). 
Follow-up outcomes of completely 
thrombosed aneurysms were reported 
in 11 publications (6, 13–16, 18–20, 
22–24), 10 of which were evaluated by 
CT (13–16, 18–20, 22–24). At present, 
there is no CT method that is optimal 
for follow-up evaluation after endovas-
cular treatment, especially treatments 
using metallic embolic agents such as 
microcoils. CT cannot identify com-
plete aneurysm occlusion due to me-
tallic artifacts (15, 19). Strong artifacts 
were observed in the patients of this 
study, making it difficult to evaluate 
the aneurysm after coil embolization 
(Fig. 2c). In other words, neck recanali-
zation/residual flow of the coiled aneu-
rysm may be overlooked.

DSA is often used as an evaluation 
method after endovascular treatment 
(7, 15, 19). However, DSA is an inva-
sive procedure, and follow-up with this 
method is not optimal. The assessment 
of aneurysms after coil embolization is 
further limited by the superimposition 
of arteries. Neck recanalization/coil 
compaction of aneurysms after em-
bolization may be partially or totally 
masked by the radio-opaque coil mass 
and thereby missed by DSA (25). For 
these reasons, DSA was not performed 
in the follow-up in this study.

Contrast-enhanced US (CEUS) is 
useful for evaluation after endovascu-
lar treatment (26). CEUS is a low-cost, 
noninvasive, and safe technique that 
can evaluate the state of aneurysms 
after coil embolization using a small 
amount of contrast agent. However, 
this imaging technique has some dis-
advantages. For example, the diagnos-
tic accuracy of CEUS strongly depends 
on operator experience, body habitus 
(e.g., obesity), arterial wall calcifica-
tion, the presence of a coiled aneurysm 
at a position anterior to the parent ar-
tery, and air in the digestive tract. 

One study reported the use of MRI 
for follow-up examination, but did 
not disclose the details of the image 

Figure 4. a–d. A 69-year-old male with a true inferior pancreaticoduodenal artery aneurysm. 
A superior mesenteric arteriogram (a) shows a saccular inferior pancreaticoduodenal artery 
aneurysm (arrow). A superior mesenteric arteriogram after coil embolization using the coil 
packing technique (b) shows occlusion of the aneurysm (arrow). Follow-up contrast-enhanced 
3 T MRI (dynamic study; axial image) performed 22 months after initial embolization (c) 
shows complete occlusion of the aneurysm without metallic artifacts (arrowheads). A follow-up 
contrast-enhanced MR angiogram (maximum intensity projection) using 3 T MRI performed 
22 months after initial embolization shows (d) complete occlusion of the aneurysm (black 
arrow) and clear enhancement of the pancreaticoduodenal and hepatic arteries (white arrows).
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Figure 3. a, b. A 57-year-old male with a true splenic artery aneurysm. A celiac arteriogram 
after coil embolization using coil packing and the isolation technique (a) shows complete 
occlusion of the aneurysm (curved arrows). Note the arterial reperfusion of the spleen via 
collateral circulation by the short gastric arteries from the left gastric artery (a, arrowheads) 
and the gastroepiploic artery from the gastroduodenal artery (a, arrows). A follow-up contrast-
enhanced MR angiogram (maximum intensity projection) using 3 T MRI performed 22 
months after initial embolization (b) shows complete occlusion of the aneurysm and arterial 
reperfusion of the spleen via collateral circulation by the gastroepiploic artery (arrows). Other 
collateral vessels, such as short gastric arteries, are not shown.
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acquisition techniques or evaluation 
methods used (6). The present study 
introduced a 3D CEMR angiography 
protocol in which pulse sequence pa-
rameters were optimized for acqui-
sition time and imaging FOV, and a 
contrast-enhanced dynamic study was 
added for evaluation of aneurysms after 
coil embolization. The imaging FOV of 
MR angiography is sufficient to assess 
coiled aneurysms, hemodynamic sta-
tus, and organ infarction. Detachable 
microcoils are composed of platinum 
and are non-ferromagnetic. Therefore, 
platinum microcoils can generate a 
small artifact in MRI. However, there 
were no perceptible artifacts in MRI in 
this study.

Embolization preserves the parent 
artery flow with aneurysmal occlu-
sion and thus avoids organ infarction. 
One disadvantage of this technique is 
the potential for neck recanalization/
coil compaction (8, 27). Neck recanal-
ization was observed within the aneu-
rysm neck and coil mesh. The change 
was considered to be a neck recanali-
zation accompanying coil compaction 
given the lack of change in aneurysm 
size at nine months after the initial em-
bolization. An aneurysm with a mural 
thrombus is regarded as a risk factor 
for neck recanalization (28), but a mu-
ral thrombus was not observed in this 
patient. Embolization was performed 
using a neck preservation technique 
with a balloon catheter. Therefore, 
the coiled aneurysm was continuous-
ly affected by arterial blood flow. In 
the present study, we identified neck 
recanalization/coil compaction in 
13% of patients using this technique. 
Previous studies have reported neck 
recanalization/coil compaction rates 
ranging from 2% to 12.5% (7, 15, 17, 
19). These studies involved CT evalu-
ation and reported possibly inaccurate 
incidence rates for neck recanalization 
due to metallic coil artifact. Our results 
showed a slightly higher neck recanal-
ization rate, which can be further im-
proved using CEMR angiography. 

Parent artery embolization (i.e., iso-
lation technique) always results in col-
lateral circulation, which is easily de-
tected by DSA, and the hemodynamic 
status in associated organs can be readi-
ly monitored. Observation of collateral 
circulation is crucial because increased 

blood flow after embolization results 
in higher arterial wall stress and may 
lead to the formation of secondary an-
eurysms (29). By carefully observing 
the collateral circulation after coil em-
bolization, we found a tendency of the 
collateral circulation path to expand, 
but with no formation of secondary 
aneurysms. Follow-up examinations 
require the evaluation of collateral 
circulation as well as aneurysm occlu-
sion. In some patients, the collateral 
circulation was poorly imaged. Howev-
er, a clear diagnosis was difficult to ob-
tain because the hemodynamics were 
altered, possibly due to narrow paths 
and low blood flow, thereby resulting 
in the loss of collateral flow.

Complications associated with en-
dovascular treatment of visceral artery 
aneurysms arise from the infarction of 
an end-organ due to a distal thrombo-
embolic event (e.g., nontarget vessel 
embolization). Such complications 
occur in approximately 21%–24% of 
endovascular treatment cases (7, 17). 
Therefore, image assessment is also 
considered to be an important aspect 
of follow-up procedures after endovas-
cular treatment.

We speculated that the minimal fol-
low-up period might be longer than 
nine months, and recommendation 
of a two-year follow-up period might 
be ideal if the coil occlusion is stable. 
If neck recanalization and other con-
troversial clinical complications are 
observed, follow-up by CEMR angi-
ography is necessary. In addition, the 
contrast agent used has several dis-
advantages, including a risk of renal 
dysfunction and a potential for aller-
gic reactions. Moreover, gadolinium is 
associated with higher costs. However, 
3D CEMR angiography is an accurate 
and excellent noninvasive technique 
for the detection of neck recanaliza-
tion, assessment of hemodynamic 
status, and identification of complica-
tions after coil embolization. In recent 
years, the utility of unenhanced MR 
angiography has been reported even 
in the abdominal region (30, 31). It is 
anticipated that this method can be 
utilized in the future for follow-up af-
ter coil embolization of visceral artery 
aneurysms.

Our study had some limitations 
worth noting. First, its retrospective 

nature might have resulted in a selec-
tion bias. Furthermore, the follow-up 
period was relatively short. Second, 
the MRI and imaging parameters used 
varied among patients. However, we 
ensured that patients with 3D CEMR 
angiography were included in this 
study. Third, it is difficult to measure 
the technical outcomes of endovascu-
lar treatment, which include coil pack-
ing attenuation and the percentage of 
occlusion. CEMR angiography does 
not expose the patient to radiation 
and can thus be used safely for repeat-
ed evaluations after embolization. 

In conclusion, in the present study 
we demonstrated that 3D CEMR an-
giography achieves moderate to high 
diagnostic performance for the detec-
tion of neck recanalization, approxi-
mate hemodynamic status, and organ 
infarction during follow-up evaluation 
in patients treated by coil emboliza-
tion. Our findings collectively suggest 
that follow-up evaluations of true vis-
ceral artery aneurysms can be carried 
out by 3D CEMR angiography after 
coil embolization. 
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