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Follow-Up of Coiled Intracranial Aneurysms:
Comparison of 3D Time-of-Flight MR Angiography
at 3T and 1.5T in a Large Prospective Series
BACKGROUND AND PURPOSE: Our aim was to compare 3D TOF-MRA sequences at 3T and 1.5T in the

follow-up of coiled aneurysms. The follow-up of coiled intracranial aneurysms is mandatory to depict
potential recanalization. 3D-TOF MRA is an appropriate tool for this purpose.
MATERIALS AND METHODS: DSA and 3D TOF-MRA at 1.5T and 3T were performed in a prospective
series of 126 aneurysms in 96 patients (58 women, 38 men; age, 25–75 years; mean, 51.3 ⫾ 11.3
years). DSA was the reference standard to which the accuracy of 3D TOF-MRA was compared. The
quality of aneurysm occlusion was assessed independently and anonymously by a core lab by using a
3-grade scale (total occlusion, neck remnant, and aneurysm remnant). Adequate occlusion was defined
as total occlusion or neck remnant and used in a 2-grade scale: adequate occlusion/aneurysm remnant.
RESULTS: With DSA, total occlusion was depicted in 58 aneurysms (46.0%); neck remnant, in 33

aneurysms (26.2%); and aneurysm remnant, in 35 aneurysms (27.8%). Adequate occlusion was seen
in 91 cases (72.2%). A remnant (aneurysm or neck) was depicted in 68 cases (54.0%). For the 3
imaging techniques and regardless of scale used, the interobserver agreement was always greater at
3T than at 1.5T. SE and NPV for the prediction of aneurysm remnant versus adequate occlusion were
higher at 3T than at 1.5T (SE 3T, 0.74; SE 1.5T, 0.54; NPV 3T, 0.90; NPV 1.5T, 0.85).
CONCLUSIONS: In this large prospective series of patients, 3D TOF-MRA was superior at 3T to 1.5T for
the evaluation of coiled intracranial aneurysms.
ABBREVIATIONS: ACA ⫽ anterior cerebral artery; AcomA ⫽ anterior communicating artery; CE ⫽
contrast-enhanced; CI ⫽ confidence interval; MIP ⫽ maximum intensity projection; NPV ⫽ negative
predictive value; PPV ⫽ positive predictive value; SE ⫽ sensitivity; TOF ⫽ time-of-flight; VA ⫽
vertebral artery; VB ⫽ vertebrobasilar system

E

ndovascular treatment with coils is now considered the
first-line treatment in the management of most intracranial aneurysms, ruptured or unruptured.1,2 A disadvantage of
aneurysm coiling is the potential risk of aneurysm recanalization reported in approximately 20% of cases, with repeat treatment in approximately 10% of cases.3 Therefore, as a complement to the usual clinical follow-up, a regular anatomic
follow-up is needed to evaluate aneurysm occlusion in midand long-term. Intra-arterial DSA has been, for a long time,
the standard follow-up technique, but this technique is invasive, is associated in a small number of patients with clinical
complications, and exposes patients to ionizing radiation.4
The use of MRA at 1.5T has been widely evaluated, showing
a moderate-to-high diagnostic performance for both TOFMRA and CE-MRA.5-7 Both 3D TOF-MRA and CE-MRA
have also been evaluated at 3T, also showing good diagnostic
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performance.7-10 Direct comparison of MRA performed at 3T
and 1.5T is relatively scarce, has been conducted in small series
of patients, and is associated with contradictory results.11-13
To compare the value of 3D-TOF at 1.5T and 3T, a prospective consecutive monocentric study was conducted in patients having follow-up examinations including DSA for
coiled intracranial aneurysms. In this group of patients, 3D
TOF-MRA was performed at both 3T and 1.5T. With a strong
methodology and DSA as the criterion standard, the diagnostic accuracy at 3T and 1.5T was compared.
Materials and Methods
Study Population
Approval of the institutional review board of Reims hospital was obtained for this study, and written informed consent was obtained for
all patients.
All patients harboring ruptured or unruptured intracranial aneurysms treated with coils in our center are followed by using MRA and
DSA. Usually MRA is performed 3 months after the endovascular
treatment. At 1 year, the quality of aneurysm occlusion is evaluated by
both MRA and DSA. Further follow-up is tailored according to the
specific situation of each patient, mostly based on MRA. DSA is performed if a retreatment has to be discussed or if a neck or aneurysm
remnant is changing with the time.
From April 2006 to September 2008, all patients eligible for follow-up DSA were prospectively included unless they had a contraindication for MR imaging, were claustrophobic, or refused. Patients
younger than 18 years were not included. Because the goal was to

compare 3D TOF at 1.5T and 3T in patients having coiled aneurysms,
aneurysms treated by parent vessel occlusion or with stent placement
were excluded from the series. In patients with multiple aneurysms,
aneurysms treated with clips or stent placement were also excluded
from the series. Within the inclusion period, some patients were evaluated twice after undergoing repeat coiling or coiling of another aneurysm or if repeat DSA was judged useful to evaluate an evolution of
a remnant.
DSA, 1.5T MRA, and 3T MRA were performed during a short
hospitalization of ⬍24 hours with a similar order of examinations for
all patients (1.5T MRA, DSA, and 3T MRA). No endovascular treatment was performed during DSA.

Imaging Technique for Intra-Arterial DSA
Intra-arterial DSA was performed with a biplane angiographic system
(Axiom Artis; Siemens, Erlangen, Germany). Using transfemoral
catheterization, we performed selective injections of the ICA or VA,
according to aneurysm location. We obtained the following standard
projections: anteroposterior view, lateral view, and working view (optimal projection used at coil embolization). For ICA, 8 mL of nonionic contrast agent (iodixanol, Visipaque; GE Healthcare, Oslo, Norway) was injected with a velocity of 4 mL/s. For the VA, 8 –10 mL was
injected with a velocity of 4 –5 mL/s.

Imaging Technique for MRA

Data Collection
Clinical and anatomic data regarding patient (sex, age), aneurysm (number, location, size of aneurysm), and technique of treatment (standard
coiling technique, remodeling technique, stent placement, or parent artery occlusion) were collected. The time interval between aneurysm treatment and anatomic evaluation was also collected (in months).
Aneurysm location was classified into 4 groups: ACA/AcomA,
ICA, MCA, and VB. Aneurysm size was classified into 3 groups: ⱕ5
mm, ⬎5 and ⬍10 mm, and ⱖ10 mm.

Data Analysis
All examinations (DSA, 1.5T MRA, and 3T MRA) were made anonymous with a different-number random assignment by series. All
images were independently evaluated in random order by 2 experienced interventional neuroradiologists (A.B. and J.Y.G.), and in case
of disagreement, a third analysis was conducted by another interventional neuroradiologist (L.P.) with knowledge of the 2 previous evaluations. The judgment of the third radiologist acted as a tie-breaker.
We evaluated 1.5T MRA, 3T MRA, and DSA separately without

Statistical Analysis
Quantitative variables are reported as mean ⫾ SD; qualitative variables, as number and percentage. Artifacts and visibility of coils observed between 1.5T and 3T MRA were compared by using Wilcoxon
signed rank tests. P values ⬍.05 were considered statistically
significant.
Because the degree of aneurysm occlusion was defined by using
the Raymond14 simplified 3-point classification scale (complete occlusion, neck remnant, and aneurysm remnant), weighted  statistics
were used to obtain interobserver and intermodality agreement for
each technique. According to Landis and Koch,15 the interpretation
of  was as follows:  ⬍ 0 indicated no agreement;  ⫽ 0 – 0.19, poor
agreement;  ⫽ 0.20 – 0.39, fair agreement;  ⫽ 0.40 – 0.59, moderate
agreement;  ⫽ 0.60 – 0.79, substantial agreement; and  ⫽ 0.80 –
1.00, almost perfect agreement. Using the consensus evaluation of
intra-arterial DSA as a reference test to evaluate the degree of aneurysm occlusion, we calculated the sensitivity, specificity, NPV, and
PPV for MR angiography with corresponding 95% CIs and also
2-point classification scales: adequate occlusion (complete occlusion
or neck remnant) and aneurysm remnant or complete occlusion versus remnant. All analyses were performed by using the Statistical
Package for the Social Sciences software (Version 17.0; SPSS, Chicago,
Illinois).

Results
Study Population
During the follow-up period, 100 patients with coiled aneurysms were evaluated by DSA, 1.5T MRA, and 3T MRA. We
excluded 4 patients: One was treated by parent vessel occlusion, and 2 were treated with coiling and stent placement. For
1 patient, 1.5T MRA was performed but images were not
retrievable.
The final population was 96 patients (age, 25–75 years;
mean, 51.3 ⫾ 11.3 years; median, 52 years), including 58
women (60.4%) and 38 men (39.6%). Seventy-three patients
had 1 aneurysm, 17 patients had 2 aneurysms, and 6 patients
had 3 aneurysms. Eight patients were evaluated twice (5 having 1 aneurysm and 3 having 2 aneurysms). The number of
aneurysms to be evaluated was 136. In 10 patients with multiple aneurysms, 1 aneurysm was treated with clips (9 patients)
or a stent (1 patient). These 10 aneurysms were excluded from
the final population.
Finally 126 aneurysms were evaluated in 96 patients.
Eighty-two aneurysms were ruptured (65.1%), and 44, unrupAJNR Am J Neuroradiol 33:2162– 66 兩 Dec 2012 兩 www.ajnr.org
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MRA examinations were performed on 1.5T (Signa; GE Healthcare,
Milwaukee, Wisconsin) and 3T (Achieva; Philips Healthcare, Best,
the Netherlands) scanners. For both 1.5T and 3T MRA, examinations
were performed with the optimized parameters for each platform and
parallel imaging was used with an acceleration factor of 2. At 1.5T, the
parameters were the following: TE, 6.9 ms; TR, 38 ms; flip angle, 20°;
total acquisition time, 6:09 minutes; number of sections, 110; section
thickness, 0.7 mm; FOV, 220 mm; rectangular field of view, 70%;
acquisition matrix, 320; reconstruction matrix, 512; reconstructed
voxel size, 0.43 ⫻ 0.43 ⫻ 0.7 mm. At 3T, parameters were the following: TE, 3.45 ms; TR, 18 ms; flip angle, 20°; total acquisition time, 4:59
minutes; number of sections, 140; section thickness, 0.55 mm; FOV,
210 mm; rectangular field of view, 90%; acquisition matrix, 464; reconstruction matrix, 512; reconstructed voxel size, 0.41 ⫻ 0.41 ⫻ 0.55
mm.

knowledge of the other MRA or DSA examinations. The pretreatment
DSA was not available, but the location of the aneurysms to be evaluated was provided to the readers. For both 1.5T and 3T MRA, source
images and MIP reconstructions were analyzed.
Aneurysm occlusion was evaluated by using the 3-grade scale:
total occlusion, neck remnant, aneurysm remnant.14 Two 2-grade
scales derived from the 3-grade scale were used for statistical analysis:
adequate occlusion (total occlusion or neck remnant)/aneurysm
remnant; and total occlusion/remnant (neck or aneurysm). Artifacts
produced by the coils were evaluated by using a 2-grade scale: 0 ⫽ no
artifacts or moderate artifacts with feasible evaluation of aneurysm
occlusion, 1 ⫽ important artifacts making the evaluation of aneurysm
occlusion difficult. The visibility of the coils was also evaluated by
using a 2-grade scale: 0 ⫽ not visible, 1 ⫽ visible.

Fig 1. Anterior communicating artery aneurysm treated with coils. MRA at 1.5T (source images, A; MIP reconstruction, B) shows total occlusion of the aneurysm (white arrow). MRA at
3T (source images, C; MIP reconstruction, D) shows an aneurysm remnant (white arrow). DSA (anteroposterior view, E; lateral view, F shows the aneurysm remnant (white arrow).

tured (34.9%). Aneurysm location was the ACA/AcomA in 47
aneurysms (37.3%), ICA in 40 aneurysms (31.7%), MCA in 19
aneurysms (15.1%), and VB in 20 cases (15.9%). Pretreatment
aneurysm size was between 2 and 24 mm (mean, 6.8 ⫾ 3.5
mm). Fifty-one aneurysms were ⱕ5 mm (40.5%); 55, between
5 and 10 mm (43.7%); and 20, ⱖ10 mm (15.9%).
The interval time between aneurysm treatment and follow-up examinations was 3–215 months (mean, 22.7 ⫾ 32.6
months; median, 12 months). Interval time was ⬍11 months
in 9 aneurysms (7.1%), between 11 and 13 months in 63 aneurysms (50.0%), and ⬎13 months in 54 aneurysms (42.9%).
Interobserver Agreement
When we evaluated aneurysm occlusion by using the 3-grade
scale, weighted  was 0.50 for DSA, 0.59 for 3T MRA, and 0.55
for 1.5T MRA. With the 2-grade scale (adequate occlusion/
aneurysm remnant),  was 0.61 for DSA, 0.77 for 3T MRA,
and 0.63 for 1.5T MRA. Finally with the 2-grade scale (total
occlusion/remnant),  was 0.62 for DSA, 0.59 for 3T MRA,
and 0.58 for 1.5T MRA.
Aneurysm Occlusion
Using DSA, total occlusion was depicted in 58 aneurysms
(46.0%); neck remnant, in 33 aneurysms (26.2%); and aneurysm remnant, in 35 aneurysms (27.8%). Adequate occlusion
was seen in 91 cases (72.2%). A remnant (aneurysm or neck)
was depicted in 68 cases (54.0%) (Fig 1). Using 3T MRA, total
occlusion was depicted in 65 aneurysms (51.6%); neck rem2164
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Table 1: Anatomic results (adequate occlusion/aneurysm remnant)
with 1.5T and 3T MRA versus DSA
1.5T
DSA
Adequate
occlusion
Aneurysm
remnant
Total

3T

Adequate
Occlusion
89

Aneurysm
Remnant
2

Adequate
Occlusion
85

Aneurysm
Remnant
6

Total
91

16

19

9

26

35

105

21

94

32

126

nant, in 29 aneurysms (23.0%); and aneurysm remnant, in 32
aneurysms (25.4%). Adequate occlusion was seen in 94 cases
(74.6%). A remnant (aneurysm or neck) was depicted in 61
cases (48.4%). With 1.5T MRA, total occlusion was depicted
in 75 aneurysms (60.0%); neck remnant, in 29 aneurysms
(23.2%); and aneurysm remnant, in 21 aneurysms (16.8%).
Adequate occlusion was seen in 104 cases (83.2%). A remnant
(aneurysm or neck) was depicted in 50 cases (40.0%).
Anatomic results (adequate occlusion/aneurysm remnant)
evaluated by 1.5T and 3T MRA are compared with DSA results
in Table 1.
Intermodality Agreement
When we evaluated aneurysm occlusion by using the 3-grade
scale, the agreement of 3T MRA with DSA was 0.51 compared
with 0.47 for the agreement of 1.5T MRA with DSA. With the

Table 2: Sensitivity, specificity, positive predictive value, and negative predictive value for 3T MRA and 1.5T MRA (DSA as the criterion
standard): adequate occlusion/aneurysm remnant
3T MRA
1.5T MRA

SE (95% CI)
0.74 (0.60–0.89)
0.54 (0.38–0.71)

Sp (95% CI)
0.93 (0.88–0.99)
0.98 (0.95–1.00)

PPV (95% CI)
0.81 (0.68–0.95)
0.90 (0.78–1.00)

NPV (95% CI)
0.90 (0.84–0.96)
0.85 (0.78–0.92)

Note:—Sp ⫽ specificity.

Table 3: Sensitivity, specificity, positive predictive value, and negative predictive value for 3T MRA and 1.5T MRA (DSA as the criterion
standard): total occlusion/neck or aneurysm remnants
3T MRA
1.5T MRA

SE (95% CI)
0.74 (0.63–0.84)
0.65 (0.53–0.76)

Sp (95% CI)
0.81 (0.71–0.91)
0.88 (0.80–0.96)

PPV (95% CI)
0.82 (0.72–0.92)
0.86 (0.77–0.96)

NPV (95% CI)
0.72 (0.61–0.83)
0.68 (0.57–0.79)

Note:—Sp ⫽ specificity.

2-grade scale (adequate occlusion/aneurysm remnant), the
agreement of 3T MRA with DSA was 0.70 compared with 0.59
for the agreement of 1.5T MRA with DSA. With the 2-grade
scale (total occlusion/remnant), the agreement of 3T MRA
with DSA was 0.54 compared with 0.52 for the agreement of
1.5T MRA with DSA.
Sensitivity, Specificity, Positive Predictive Value, and
Negative Predictive Value
The dichotomization of adequate occlusion/aneurysm occlusion is shown in Table 2, and the dichotomization of total
occlusion/neck or aneurysm remnants is shown in Table 3.
Artifacts: Visibility of the Coils
At 3T, no or moderate artifacts were observed in 121 aneurysms (96.0%) and important artifacts were observed in 5
cases (4.0%). At 1.5T, no or moderate artifacts were observed
in 116 aneurysms (92.1%) and important artifacts were observed in 10 cases (7.9%). The difference between 1.5T and 3T
was not statistically significant (P ⫽ .096).
At 3T, coils were visible in 120 cases (95.2%) and not visible
in 6 cases (4.8%). In 5/6 cases, aneurysms were ⬍5 mm. In the
6 cases, aneurysms were located close to areas with artifacts. At
1.5T, coils were visible in 125 cases (99.2%) and not visible in
1 case (0.8%). The difference was statistically significant
(P ⫽ .025).
Discussion
In the literature, the comparison between 3T MRA and 1.5T
MRA for the follow-up of coiled aneurysms yielded heterogeneous results. In a small 20-aneurysms series, no advantage of
3T MRA versus 1.5T MRA was seen.11 A large prospective trial
showed similar sensitivity and NPV with both 1.5T and 3T,
but direct comparison was not available because a group of
patients was evaluated at 1.5T and another at 3T.10 Another
small series showed that 3T MRA had better agreement with
DSA than 1.5T MRA and that coil artifacts were smaller at 3T
than at 1.5T.12
In our large series of 126 coiled intracranial aneurysms, 3D
TOF-MRA at 3T was superior to 3D TOF-MRA at 1.5T to
evaluate the quality of aneurysm occlusion. Regardless of the
scale used to analyze aneurysm occlusion, the interobserver
agreement was always greater with 3T compared with 1.5T.
Also the sensitivity of 3T was greater than 1.5T to distinguish
adequate occlusion and aneurysm remnant or total occlusion
and neck or aneurysm remnants.

As previously reported, the methodologic quality of the
studies dealing with MRA for evaluation of coiled aneurysm
occlusion is often moderate.7 Our study was designed by using
the criteria of Kwee and Kwee7 to obtain a high methodologic
quality. It was conducted from April 2006 to September 2008.
During this period, the use of stents in our department was
very limited and flow diverters were not available. Because the
performance of MRA is probably not the same in aneurysms
treated only with coils and with coiling and stent placement,
the decision was made to exclude the 3 aneurysms treated with
stents to compare the efficacy of MRA at 3T and 1.5T in a
homogeneous population of coiled aneurysms.16
The most popular scale to evaluate aneurysm occlusion
after coiling is the 3-grade scale: total occlusion, neck remnant,
and aneurysms.14 This scale was used in the present study, but
it is not easy to manipulate and its clinical significance is unknown.17 Using this scale, previous publications have shown
that the independent evaluation of postoperative aneurysm
occlusion by a core lab is different and less optimistic than the
evaluation of the physician doing the treatment.18 In the present series, the interobserver agreement was relatively low, regardless of the technique used, and it is probably partially explained by the fact that it is not so easy and partly subjective to
differentiate neck and aneurysm remnants and it is sometimes
difficult to differentiate total occlusion and neck remnants.
Also, with DSA as the criterion standard, intermodality agreement was relatively low but slightly higher with 3T ( ⫽ 0.51
versus 0.47 for 1.5T).
The clinical significance of a neck remnant is also unknown. The Cerebral Aneurysm Rerupture After Treatment
study showed that the risk of early rebleeding after coiling of
ruptured aneurysms was directly related to the quality of aneurysm occlusion.19 The risk of rerupture was 1.1% for aneurysms completely occluded, 2.9% for 91%–99%, 5.9% for
70%–90%, and 17.6% for ⬍70%. Little information is available regarding the quality of aneurysm occlusion in case of late
rebleeding or rupture of an unruptured coiled aneurysm. In
the large International Subarachnoid Aneurysm Trial cohort
in the long-term follow-up (range, 6 –14 years; mean, 9 years),
only 10 late (⬎1 year) rebleedings were observed, but the quality of aneurysm occlusion was not reported.20 In a series of 393
patients treated by coiling for ruptured aneurysms between
1995 and 2003, late rebleeding was observed in 5 patients with
a delay of, respectively, 4, 8, 12, 30, and 40 months.21 In all
patients evaluated by DSA at the time of rebleeding, aneurysm
remnants were depicted. Finally, the risk of rupture or rerupAJNR Am J Neuroradiol 33:2162– 66 兩 Dec 2012 兩 www.ajnr.org
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ture is probably higher in aneurysm remnants than in neck
remnants, and depicting the aneurysm remnant seems critical
in the follow-up of coiled aneurysms.
Accordingly, the use of a 2-grade scale derived from the
3-grade scale and combining total occlusion and neck remnant into 1 grade called appropriate is probably effective from
a clinical point of view. With this scale, the interobserver
agreement was higher at 3T than at 1.5T (respectively,  ⫽
0.77 and  ⫽ 0.63). Also intermodality agreement (by using
DSA as the criterion standard) was higher with 3T compared
with 1.5T (respectively,  ⫽ 0.70 and  ⫽ 0.59).
Because the most crucial aspect of MRA is to correctly depict the aneurysm remnant, the NPV is quite important. MRA
at 3T has a higher negative predictive value than at 1.5T (respectively, 0.90 and 0.85): Sixteen aneurysms with remnants
were depicted as having adequate occlusion by 1.5T MRA, but
only 9, by 3T MRA. Also the sensitivity of 3T MRA is much
higher than that of 1.5T MRA (respectively, 0.74 and 0.54)
with a higher number of aneurysm remnants detected by 3T
MRA compared with 1.5T (respectively, 26 and 19 of 35 detected by DSA). When we compared 3T MRA and 1.5T MRA
for the detection of any remnant (neck or aneurysm), similar
results were obtained but are probably clinically less relevant.
Important artifacts were more frequent at 1.5T (7.9%) than at
3T (4.0%), but the visibility of the coils was better at 1.5T.
Our study has some limitations. First, only 3D TOF sequences were compared at 3T and 1.5T. Comparison of CEMRA at 3T and 1.5T was technically difficult because it was not
really feasible to have 2 injected MRA examinations in a very
short period of time. The next step of this evaluation will be to
compare 3D TOF- and CE-MRA at 3T. Second, because the
appearance of 1.5T and 3T images was slightly different, the
readers were not totally blind to the sequences they were reading (1.5T or 3T); this feature created some bias. Third, other
factors than magnetic field strength (vendors, platforms, MRA
parameters, and so forth) can play a role in the difference of
efficacy between both sequences. However, because the goal
was to compare the use of 3D TOF sequences at 1.5T and 3T in
the current practice, optimized parameters were used for both
sequences. Certainly platforms from different vendors (and
also from the same vendor) will not have the same performances, but these are quite difficult to evaluate. Fourth, another potential limitation was that some aneurysms were evaluated twice, which can result in a decrease of the effective
number of aneurysms and in the statistical power. However, in
most cases, a long period of time elapsed between the 2 evaluations and the second evaluation was related to the treatment
of another aneurysm (in the case of multiple aneurysms) or to
a change of the quality of aneurysm occlusion. Fifth, aneurysms treated with stents or flow diverters were not included in
the present series. However, preliminary series have shown
that evaluation of aneurysm occlusion with MRA in aneurysms treated with coils and stents was difficult due to stent
artifacts.16 Therefore, it was logical to compare 3T and 1.5T
MRA in a homogeneous population treated only with coiling.
Conclusions
In this large prospective series of patients, 3D TOF at 3T was
superior to 3D TOF at 1.5T for the evaluation of coiled intracranial aneurysms. The next steps are to compare 3D TOF2166
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and CE-MRA at 3T to determine the most appropriate sequence for the follow-up of coiled aneurysms and to determine the appropriate imaging technique for the follow-up of
aneurysms treated with stents and flow diverters.
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