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Abstract

Introduction Follow-up of intracranial aneurysms treated by
embolisation with detachable coils is mandatory to detect a
possible recanalisation. The aim of this study was to compare
contrast-enhanced magnetic resonance angiography (CE-
MRA) with digital substraction angiography (DSA) used to
detect aneurysm recanalisation to determine if DSA is still
needed during follow-up.

Materials and methods From May 2006 to May 2007, 55
patients with 67 aneurysms were treated by endosaccular
coiling with (n=9) or without (»=58) an adjunctive stent.
Follow-up imaging protocol included MRA at 6 and 12
months and a DSA at 12 months or earlier if a major
recanalisation was identified on the 6-month MRA. Two
neuroradiologists independently reviewed MRA images
(readers 1 and 2) and two other reviewed DSA images.
Results Follow-up DSA showed stability of the aneurysm
occlusion in 52 cases, recanalisation in 14 cases, and further
thrombosis in one. On CE-MRA, both readers identified all
recanalisations but one (sensitivity of 93%) as they missed
a major recanalisation in a 2-mm ruptured aneurysm. There
were two false-positive evaluations by reader 1 and three
for reader 2. Mean specificity of CE-MRA to detect
aneurysm recanalisation was 95.5%.

Conclusion CE-MRA is accurate to detect aneurysm
recanalisation after embolisation with detachable coils.
CE-MRA may be proposed as first-intention imaging
technique for their follow-up. However, its sensitivity and
specificity remain inferior to that of DSA and major
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recurrences may be missed in very small aneurysms.
Therefore, a single DSA remains mandatory during the
imaging follow-up.
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Introduction

Endovascular treatment (EVT) by means of detachable
coils is widely used and accepted as an alternative to
surgical clipping for patients with unruptured and ruptured
intracranial aneurysms [1, 2]. Furthermore, EVT is associ-
ated with lower rates of morbidity and mortality in selected
cases. However, the outcome of patients treated with
detachable coils is poorly documented, and aneurysm
recanalisation is not uncommon. These recurrences occur
in 8% to 33.6% of patients [3, 4] and may necessitate a re-
treatment. In order to evaluate the stability of aneurysm
occlusion, patients must therefore be regularly followed-up.
Digital substraction angiography (DSA) is currently the
standard method for detection and evaluation of intracranial
aneurysms [5]. However, this method is invasive, time
consuming, relatively expensive and associated with a 0.5%
risk of permanent neurological complications [6]. Magnetic
resonance angiography (MRA), including time-of-flight
(TOF) and contrast-enhanced (CE) techniques, have been
suggested as alternatives to DSA [7-24]. These authors
have shown that TOF- and CE-MRA are useful for the
follow-up of coiled aneurysms [7-24]. In recently pub-
lished papers [23, 24], it has been shown that both TOF-
and CE-MRA have high and comparable sensitivity and
specificity to assess immediate aneurysm occlusion after
EVT except when the stent-assisted technique is used. In
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this situation, CE-MRA is superior to TOF-MRA to detect
a residual aneurysm and to assess the patency of the parent
artery. Therefore, CE-MRA was chosen in the present study
as the MR technique for the follow-up of aneurysms treated
by embolisation with detachable coils. In order to determine
if DSA is still needed for the follow-up of intracranial
aneurysms after EVT with detachable coils, the aim of our
study was to compare the effectiveness of CE-MRA with
that of DSA used to detect aneurysm recanalisation.

Materials and methods
Population

In this retrospective study, patients were included if they
harbored one or multiple aneurysms selectively treated with
coils and if a follow-up angiography was scheduled
according to the usual follow-up protocol. From May
2006 to May 2007, 55 patients (37 females, 18 males;
mean age=46 years, range=17 to 65 years old) harboring
67 aneurysms treated by endosaccular coiling underwent
simultaneous DSA and MRA at follow-up. Twenty-five
patients initially presented with SAH and were classified
according to the Hunt and Hess scale [25]: 14 patients were
graded I or II, two patients were graded III, and nine
patients were graded IV or V. In the remaining 30 patients,
all aneurysms but one were incidentally diagnosed. One
44-year-old woman presented with a sudden third nerve
palsy without SAH on the CT scan.

Aneurysms were located in the anterior circulation in 58
cases [internal carotid artery (n=25), anterior communicat-
ing artery (n=18), middle cerebral artery (n=15)] and in the
posterior circulation in nine cases [basilar artery (n=6),
posterior inferior cerebellar artery (n=2), superior cerebellar
artery (n=1)]. Aneurysms size ranged from 2 to 18 mm
(mean size=6.6 mm).

EVT

EVT was performed under general anaesthesia and systemic
heparinisation. The adequacy of systemic anticoagulation
was monitored by frequent measurements of the activated
clotting time (ACT). A baseline ACT was obtained prior to
the bolus infusion of heparin (30 to 50 IU/kg body weight)
and hourly thereafter. The bolus infusion of heparin was
followed by a continuous drip (1,000 to 1,500 IU/h), with
the purpose of doubling the baseline ACT. At the end of the
procedure, systemic heparinisation was maintained for
24 h in most patients. All procedures were performed by
the same interventional neuroradiologist (BL). All patients
were treated by selective embolisation with Microplex coils
(MicroVention, Aliso Vieja, CA, USA) or Guglielmi
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Detachable Coils (Target Therapeutics, Fremont, CA,
USA). Technique of endosaccular coiling procedure has
already been published in the literature [26-28].

The endovascular procedure consisted of endosaccular
coiling in 36 aneurysms, balloon-assisted coiling in 22
aneurysms [29, 30] and stent-assisted coiling in nine
aneurysms [31, 32]. At the end of the endovascular
procedure, all patients were evaluated by angiography to
document aneurysm obliteration. Angiograms included
selective injection of internal carotid or vertebral arteries
with intracranial views (frontal, sagittal) completed by the
working projections used during embolisation. These
immediate post-interventional DSA controls served as a
reference for imaging follow-up. After endovascular treat-
ment, patients were transferred to the intensive care unit,
and fluid balance, neurological status and blood pressure
were carefully monitored.

Imaging follow-up
Imaging protocol

A multidisciplinary therapeutic protocol has been estab-
lished in our institution for the management of patients with
ruptured or unruptured intracranial aneurysms. For the
follow-up of patients treated by endosaccular coiling, our
imaging protocol includes a CE-MRA at 6 and 12 months
and a conventional DSA at 12 months. If a recanalisation
that is judged to require a re-treatment is observed on the
6-month MRA, a conventional DSA is performed.

DSA

Angiograms included selective injection of internal carotid
or vertebral arteries with intracranial views (frontal,
sagittal) completed by three-dimensional (3D) rotational
angiography and/or additional views when necessary.

CE-MRA

All MR exams were performed on a 1.5-T system (Intera,
Philips Medical Systems, Best, the Netherlands) equipped
with 100 mT/m/ms slew rate and a maximum gradient
amplitude of 21 mT/m. The receiver coil was a synergy
head—neck head coil. High-spatial-resolution, intermediate-
weighted (proton-density-weighted) images were acquired
first with a turbo spin-echo sequence: repetition time
millisecond per echo time millisecond of 2,900/14, turbo
spin-echo factor of 10, 170x260-mm field of view, 354 x
512 acquisition matrix, 36 transverse 2.7-mm-thick sec-
tions, no intersection gap, 67.5% half-Fourier acquisition,
imaging duration of 3 min 6 s. An MR power injector
(Spectris, model SSM 200; MedRad, Pittsburgh, PA, USA)
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was used for injecting 18 mL of Gadobenate Dimeglumine
(Multihance®, Bracco, Milan, Italy) administered via a 20-
gauge catheter placed in the left antecubital vein at a rate
of 1.8 mL/s and followed immediately with a 20-mL
saline solution flush at the same rate. The 3D contrast-
enhanced TIl-weighted sequence was a 3D spoiled
gradient-echo sequence with phase cycling with two
successive volumes: The first was oriented in the coronal
plane; the second in the transverse plane. The following
parameters were used for both stacks: TR/TE 4.2/1.34, 35°
flip angle, no flow compensation, 362 Hz per pixel
bandwidth, 175x350-mm field of view, 212x352 acqui-
sition matrix, 85 1.6-mm-thick sections with 0.8-mm
overlap and a reconstructed resolution of 0.7x0.7x0.8
mm. The total imaging duration for the two stacks was
49 s, and a centra k-space filling was used (random
sampling of the centre of the k space during the first 4 s
followed by a low—high filling of the periphery). The
coronal 3D slabs were positioned from transverse inter-
mediate-weighted, turbo spin-echo images and multi-
section survey images to include the middle cerebral
artery, the circle of Willis, both carotid arteries from the
bifurcation and the vertebrobasilar system. The transverse
volume encompassed the circle of Willis and the posterior
fossa, including the posterior cerebral and superior cerebellar
arteries. The acquisition of the 3D contrast-enhanced T1-
weighted sequence was interactively started using a single
thick-slice real-time tracking sequence (TR/TE/angle 4.5/1.2/
40° one image every 0.58 s, quadrature body coil acquisi-
tion) when the contrast arrived in the left ventricle.

Image analysis

Image quality of CE-MRA was judged according to the
following criteria: image contrast, artefact (coil, motion),
vessel overlap. Image contrast was graded as low when the
signal intensity in the enhanced arterial lumen was only
slightly higher than the signal intensity in the background,
as moderate when the signal intensity was clearly higher
and as high when the signal intensity was optimal. Artefacts
and vessel overlap were judged as minor when they did not
prevent the interpretation of images and as major when they
degraded the image quality.

According to the Raymond et al. classification [3, 33],
both MRA and DSA results were assigned to one of three
categories: class 1 = complete obliteration, class 2 =
residual neck and class 3 = residual aneurysm. Then,
follow-up results were classified as stability (when a similar
degree of aneurysm occlusion in multiple projections was
found), recanalisation (when an increase of the amount of
contrast filling in the aneurysm was observed) and further
thrombosis (when the amount of contrast agent filling the
aneurysm decreased).

DSA controls served as reference images and were
reviewed by two senior neuroradiologists (BL, LC) with a
7- and a 15-year experience in vascular diagnostic
neuroradiology. On DSA images, aneurysm recanalisation
was judged as minor/major according to the need of a
complementary treatment. Indeed, all our patients with an
objective recanalisation at DSA are discussed in a multi-
disciplinary fashion to decide whether or not additional
coiling and/or clipping should be performed. Generally,
aneurysms with a neck remnant (minor recanalisation) are
not re-treated, whereas aneurysms with a residual sac are
re-treated (major recanalisation).

MRA images were independently and blindly reviewed
by two other senior neuroradiologists (OF, CN) with a 4-
and a 9-year experience in vascular diagnostic neuroradi-
ology. Pre-treatment DSA images were shown to MRA
readers to orient to the nature of aneurysms.

Results
DSA
Immediate post-treatment results

At the end of EVT, DSA controls were as follows: class 1,
43 aneurysms; class 2, 20 aneurysms; class 3, four
aneurysms.

Follow-up results

Follow-up DSA was performed at 6 months for four
aneurysms because of a suspected major recanalisation at
MRA and at 12 months for the remaining 63 aneurysms.
These angiographic controls were as follows: stability, 52
aneurysms; recanalisation, 14 aneurysms; further thrombosis,
one aneurysm. Recanalisations occurred in aneurysms
located on the ICA (n=4), the MCA (n=4), the AcomA
(n=4) and the basilar tip (n=2). The size of the recanalised
aneurysms varied from 4 to 18 mm (mean size=8.9 mm).
These recanalisations were judged as minor in seven cases
and major in seven cases. These latter aneurysms were re-
treated by endovascular approach without any complication.

CE-MRA

Image quality

The contrast of CE-MRA images was judged high or
moderate in all cases by both readers. In all cases, artefacts
and/or vessel overlap were judged as minor by both readers

because they did not prevent the interpretation of MRA
images.
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Table 1 Diagnostic performance of CE-MRA for the detection of

residual necks or residual aneurysms

Reader 1

Reader 2

Residual necks
Sensitivity

Specificity

Residual aneurysms
Sensitivity

Specificity

100% (95% CI,
64.6-100%)

96.7% (95% CI,
88.6-99.1%)

85.7% (95% CI,
48.7-97.4%)
100% (95% CI,

94-100%)

100% (95% CI,
64.6-100%)
95% (95% CI,
86.3-98.3%)

85.7% (95% CI,
48.7-97.4%)

100% (95% CI,
94-100%)

CI Confidence interval

Fig. 1 Subarachnoid haemorrhage in a 30-year-old woman.
a Conventional DSA shows a 2-mm aneurysm of the supraclinoidal
internal carotid artery with associated significant vasospasm.
b After selective endovascular treatment with detachable coils,
non-substracted conventional DSA shows a complete aneurysm
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Follow-up results

Diagnostic performances of CE-MRA are detailed in Table 1.

All recanalisations (residual necks or sacs) but one (13/
14) were identified by both readers on CE-MRA images.
Sensitivity of CE-MRA for the detection of aneurysms
recanalisation was thus of 93%. Both readers missed a
major recanalisation in a 30-year-old woman with a 2-mm
ruptured posterior communicating artery aneurysm that was
completely occluded after initial EVT (Fig. 1). Both readers
missed this recanalisation on the 6- and 12-month CE-
MRA. DSA showed a 50% recanalisation, and the patient
was completely re-treated by endovascular approach with-
out any complication. A retrospective review of this case,
with the knowledge of DSA results, did not change the
interpretation of our two readers. There were two false-
positive evaluations by reader 1 and three for reader 2. In
these latter cases, both readers identified on CE-MRA a

occlusion. ¢, d Contrast-enhanced MRA at 6 (¢) and 12 months (d)
show no obvious recanalisation. e, f However, non-substracted
conventional (e) and three-dimensional (f) DSA at 12 months show
a significant aneurysm recanalisation that has been re-treated by
embolisation
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minor recanalisation of an aneurysm that was completely
occluded at DSA. Specificity of CE-MRA for the detection
of aneurysms recanalisation was thus of 96.4% for reader 1
and of 94.6% for reader 2 (mean specificity of 95.5%).

Among 14 recanalisations, one occurred in a patient
treated with the stent-assisted technique. This latter patient
was treated for an unruptured basilar trunk aneurysm, and
both readers identified the recanalisation on CE-MR
images.

Discussion

This study shows that CE-MRA may detect with a high
sensitivity and specificity a recanalisation in aneurysms
treated by embolisation with detachable coils. CE-MRA
may thus be proposed as first-intention diagnostic imaging
technique for the follow-up of coiled intracranial aneur-
ysms. However, in very small aneurysms, major recur-
rences requiring re-treatment may be missed. Moreover,
CE-MRA sensitivity and specificity still remain inferior to
that of DSA. Therefore, our findings suggest that a single
DSA remains mandatory during the follow-up of coiled
aneurysms.

Aneurysm recanalisation after EVT

Aneurysm recanalisation due to coil compaction occurs in
10% to 40% of embolised intracranial aneurysms [3, 4].
The natural history of these recurrences is still poorly
documented, but re-bleeding may occur [1-4, 34]. In a
recent series of 466 patients with 501 coiled aneurysms and
a mean follow-up period of 31.32 months, three patients
(0.8%) re-bled [3]. Therefore, imaging follow-up of coiled
aneurysms is mandatory, but the ideal duration of this
follow-up is yet unknown. Most authors recommend to
follow-up patients for several years as late recanalisation
are well described [3, 4, 7-22]. Therefore, non-invasive
imaging techniques such as TOF- and CE-MRA have been
evaluated and validated to avoid the repeated use of DSA
that carries a 0.5% of neurological complication [6].

CE-MRA

It is a current debate in the literature whether or not the use
of contrast material is improving the efficacy of MRA.
Most authors have evaluated TOF-MRA for the follow-
up of coiled aneurysms [7-14]. They have reported
sensitivity for the detection and exclusion of a residual
flow within the aneurysm between 71% and 91% and
between 89% and 100%, respectively. However, this
technique is limited by its sensitivity to both saturation
and susceptibility (coil-related) artefacts [7—10, 35]. These

latter artefacts are even more significant when coated
Nexus coils (Micro Therapeutics, Irvine, CA, USA) are
used to occlude the aneurysmal sac [35]. These disadvan-
tages may lead to false positives or false negatives, and it
may also explain that some MR exams may not be analysed
[7-10, 35]. Finally, TOF sequences require a long acquisi-
tion time and may only acquire small acquisition volume.
These limitations may be of importance in patients with
multiple coiled aneurysms [7-14]. Nevertheless, these
authors showed that TOF-MRA is very useful to detect
residual neck or aneurysm, and they have suggested to
partially replace DSA by MRA for the follow-up of coiled
aneurysms.

CE-MRA is a more recent MR technique with several
theoretical advantages [15-24]. CE-MRA is less sensitive
to flow turbulences and saturation effects than TOF
sequences because of the high signal intensity within the
arterial lumen caused by the T1-shortening effects. More-
over, contrast enhancement allows the imaging of low-flow
signals and that lead to a higher conspicuity of a residual
neck or aneurysm. CE-MRA is also less sensitive to coil-
related artefacts (susceptibility artefacts) that may decrease
image quality and prevent a precise visualisation of a
residual neck or aneurysm. The injection of contrast
material also allows better visualisation of small arteries
because of the appropriate filling of small arteries with
gadolinium and because of the short acquisition time of the
sequence, which decreases motion artefacts. Finally, this
technique allows the assessment of a larger imaging volume
than TOF-MRA that is really interesting in patients with
multiple coiled aneurysms.

On the other hand, CE-MRA has some disadvantages
[15-22]. Venous enhancement occurs at the same time as
arterial enhancement because of the short time window
between both phases, and this may degrade image quality
mostly in case of aneurysms located near the base of the
skull or the middle cerebral artery [15, 18, 20]. Another
disadvantage is the possibility of a false neck remnant,
which may be explained by the peripheral contrast
enhancement of the organised thrombus or by the vasa
vasorum within the aneurysm wall [16, 17, 21].

Despite many theoretical advantages, only few authors
have evaluated CE-MRA for the follow-up of coiled
aneurysms [15-22, 24]. Most of them have shown no
difference between TOF- and CE-MRA. Indeed, Kwee and
Kwee [22] confirmed these findings in a recent meta-
analysis showing that there were no statistically significant
differences in pooled sensitivity and specificity between
TOF-MRA and CE-MRA. Only Leclerc et al. [17] showed
a superiority of CE-MRA over TOF-MRA in a series of 20
patients. This difference may be explained by the fact that
all patients had aneurysms located on the anterior commu-
nicating artery. Indeed, in this particular location, there is
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no venous opacification that might degrade the image
quality. However, we chose to use CE-MRA in our study
because it appears superior to TOF-MRA when the stent-
assisted technique is used to treat aneurysms [23, 24].

In the present study, sensitivity of CE-MRA to detect
aneurysm recanalisation, either minor or major, was of 93%
with a mean specificity of 95.5%. Our findings are in
agreement with recently published series [16, 17, 20, 21].
These authors showed that sensitivity and specificity of CE-
MRA for residual neck and residual aneurysm detection
ranged, respectively, from 75% to 100% and from 85.7% to
100%. CE-MRA is thus very useful in the assessment of
aneurysmal recanalisation. However, in our series, a major
recanalisation was missed in a 2-mm ruptured aneurysm
that was completely occluded after EVT (Fig. 1). Despite
the fact that the recanalisation was only of 1 mm, it was
judged to require re-treatment because it represented 50%
of the aneurysmal sac. This limitation of the MR technique
has already been described by Pierot et al. [20] who showed
that false-negative analysis of MRA correlated with the
small size of the residual neck, which was often between 1-
and 3-mm wide.

Study limitations

Several shortcomings may be pointed out in the present
study. First, the study shares the limitations of all
retrospective studies. Second, the CE-MRA did not
compare with 3D TOF-MRA used as reference in most of
studies. Third, a verification bias is present in four patients
who had a control DSA at 6 months because of a significant
recanalisation at the MRA. Finally, one may argue that
knowledge of the findings of pre-treatment DSA might
have influenced the interpretation of the MRA images. We,
however, believe that this method of image analysis
resembles that in clinical practice and is, therefore, justified.

MR angiography at 3 T

New sequences using higher field strengths (3 T) provide
images with higher spatial resolution than that of MRA at
1.5 T, and improvement of sensitivity to detect aneurysm
remnants or recurrences is to be expected. Recently, MRA
at 3 T have been evaluated in few studies [36—39]. Majoie
et al. [36] were the first to report the feasibility and the
effectiveness of TOF-MRA at 3 T for the follow-up of
coiled aneurysms. Then, Urbach et al. [37] and Buhk et al.
[38] showed that TOF-MRA at 3 T might replace DSA as
the first-intention diagnostic imaging technique to follow
coiled aneurysms. Finally, Anzalone et al. [39] showed that
CE-MRA at 3 T is superior to TOF-MRA at 3 T for
visualisation of residual patency and is associated with
fewer artefacts. Larger numerous studies are thus warranted
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now to evaluate the place of MRA techniques at 3 T in the
imaging protocol of coiled aneurysms.

Follow-up of coiled intracranial aneurysms

Because the sensitivity and the specificity of CE-MRA for
the detection of aneurysmal recanalisations are still inferior
to DSA, we believe—as most authors do [11-13, 18-20]—
that a single DSA is still required during imaging follow-up
of coiled aneurysms. Moreover, it is also clearly admitted
that DSA complication rate is related to the type of patient
who is examined. Indeed, in a meta-analysis by Cloft et al.
[40] and in the very large study from Willinsky et al. [41],
the DSA neurological complication rate was lower in
patients with a SAH, an aneurysm, compared with that in
patients with ischaemic stroke because of their younger age
and lower cardiovascular risks factors. Therefore, one must
consider the risk of DSA very low in patients who will be
followed for a coiled aneurysm. Therefore, our previous
imaging protocol has not changed: CE-MRA at 6 months
and CE-MRA and DSA at 1 year. Six-month MRA is
performed to depict a potential aneurysmal recurrence or
remnant, for which additional treatment may be necessary.
At 1 year, CE-MRA and DSA results are compared, and
subsequent follow-up is based on these results.

Conclusion

CE-MRA has high sensitivity and specificity to detect
intracranial aneurysm recanalisation after selective EVT
with detachable coils. CE-MRA may thus be proposed as
first-intention diagnostic imaging technique for the follow-
up of coiled aneurysms. However, in very small aneurysms,
major recurrences requiring re-treatment may be missed.
Moreover, sensitivity and specificity of CE-MRA remain
inferior to DSA. Therefore, a single DSA still remains
mandatory during the imaging follow-up.
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