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ARTICLE INFO ABSTRACT

Article history: Objective: We report our experience with stent-assisted coiling of anterior communicating

Received 21 October 2015 artery aneurysms with special consideration of angiographic and clinical outcomes, retreat-

Accepted 19 July 2016 ment rate and periprocedural complications.

Available online 26 July 2016 Materials and methods: The analysis included 34 consecutive ruptured and unruptured wide-
neck aneurysms. The aneurysm size ranged from 2 to 18 mm (mean 5.47). Clinical exam-

Keywords: inations with the use of modified Rankin Score and angiographic outcomes were evaluated

Anterior communicating artery initially post-embolization and at a minimum follow-up of 6 months.

aneurysm Results: Initial post-treatment complete and near-complete aneurysm occlusion was

Wide-neck aneurysm achieved in 32 (94%) and 2 (6%) cases, respectively. Imaging follow-up, performed in 28

Stent-assisted embolization (82%) patients, showed no change in the degree of occlusion in 25 (89%) cases and coil

compaction in 3 (11%) patients. Of these, one (3.6%) patient underwent a second coil
embolization. The periprocedural severe complication rate was 2.9% (1/35) and was associ-
ated with prolonged attempt of retrieval of migrated coil resulting in anterior cerebral artery
infarct with serious clinical consequences. In another 3 patients periprocedural adverse
events without delayed clinical consequences were noticed. The clinical follow-up evalua-
tion achieved in 33 (97%) patients showed no change in 30 (91%) cases, one patient (3%) with
clinical improvement and two (6%) cases of neurological deterioration.
Conclusions: The use of stent is feasible and effective for coil embolization of wide-necked
anterior communicating artery aneurysms. Although periprocedural complications result-
ing in severe morbidity are rare, they should be noted, since in terms of thromboembolic
events some of them presumably have a potential to be avoidable.
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1. Introduction

The anterior communicating artery (AcomaA) is reported to be
one of the most common site for intracranial aneurysms and
this location of aneurysms is associated with subarachnoid
hemorrhage (SAH) in up to 40% [1-4]. The complex arterial
relationship in this region include the anterior communicating
artery, bilateral anterior cerebral arteries, the recurrent artery of
Heubner, hypothalamic and infundibular perforators, orbito-
frontal and frontopolar branches and sometimes large pre-
callosal or subcallosal artery [1,2,5]. The microsurgical clip
ligation of the AcomA aneurysms is challenging and may
result, inter alia, in postoperative cognitive and memory
deficits related to the AcomA branches impairment and the
frontal lobe retraction [5,6]. Less invasive endovascular
approach is an effective treatment technique and remains an
acceptable alternative to the traditional open surgery [2,3,6,7].
However, AcomA aneurysms in comparison with the other
locations tend to be small in size with the narrow parent vessels
and the acute angles between surrounding arteries [5,8].
Moreover, the main limitation of the AcomA aneurysms coil
embolization is an unfavorable dome-to-neck ratio and a wide
neck of an aneurysm [1,4,5,8,9]. The introduction of adjuvant
devices such as multiple microcatheters, three-dimensional
(3D) coils, balloon remodeling technique and intracranial stents
has progressively allowed these aneurysms to be successfully
repaired [3,8,10,11]. Moreover, the standard coil embolization
(stand-alone coiling) applied for wide neck aneurysms harbors
a higher risk of coil prolapse into the parent artery and the
higher rate of recanalization in comparison with stent-assisted
coiling [8,12,13]. There is a limited number of studies entirely
dedicated to stent-assisted coiling of AcomA aneurysms and
hence, this form of endovascular therapy in AcomA aneurysms
is not yet well characterized [1,3-5]. The purpose of the current
study is to present immediate and long-term clinical and
angiographic results, procedure-related complications, and
retreatment rate of the stent-assisted endovascular manage-
ment of 34 patients harboring wide-neck AcomA aneurysms
treated at our institution within the last 6 years.

2. Materials and methods
2.1.  Patient population

Between April 2008 and December 2014, 71 patients harboring
anterior communicating artery (AcomA) aneurysms were
treated at our center via endovascular approach. Of these,
34 patients underwent stent-assisted coiling. Overall, there
were 19 (56%) females and 15 (44%) males. The patients' ages
ranged from 32 to 70 years (mean 54.7, SD 12.4).

Twenty-nine (85%) aneurysms were unruptured and five
(15%) patients presented with SAH. All of them were catego-
rized in Hunt and Hess Grade 3 at time of treatment.

Regarding the patients with SAH, two of them were treated
within 3 days of rupture. In the remaining three patients
treatment was postponed to 14-49 days after hemorrhage due
to delayed diagnosis in two cases and acute respiratory failure
in one case.

Except for 4 patients in whom microsurgical wrapping or
incomplete clip ligation was previously performed beyond our
institution, the remaining patients included in the current
study were treated for the first time via endovascular
approach, which is preferred to be the first-line treatment
method for intracerebral aneurysms at our department.

2.2.  Aneurysm characteristics

The aneurysm size ranged from 2 to 18 mm (mean 5.47, SD
3.07). Patient selection for treatment with stents was based
only on the angioarchitectural characteristics of the each
aneurysm. Thus, only the wide-neck AcomA aneurysms,
defined as these with the aneurysm neck diameter >4 mm
and/or these with the dome-to-neck ratio <1.5 were consid-
ered for this treatment.

2.3. Endovascular technique

All the procedures were performed by the same two
extensively experienced interventional radiologists always
after neurosurgical consultations. The patients were treated
under general anesthesia. Anti-platelet premedication con-
sisting of a 75 mg loading dose of acetylsalicylic acid and an
additional 75 mg clopidogrel was performed several hours
before endovascular procedure in patients after SAH and every
single day for five days before treatment in case of patients
harboring unruptured aneurysms. Both conventional and
rotational digital subtraction angiographies (DSA) were per-
formed for 3D reconstruction. A complete evaluation of the
aneurysmal configuration, a neck size, an aneurysm width and
height was done. A guiding catheter (Envoy; Cordis, Miami
Lakes, Fla) was navigated into the target artery. Then, a
microcatheter was inserted into the aneurysm lumen. For a
stent deployment another microcatheter was placed distally
in the ipsilateral or contralateral A2 segment depending on the
aneurysm location and the surrounding vascular anatomy.
The Neuroform stent (Boston Scientific) was advanced over the
microguidewire and deployed when the precisely targeted
location was confirmed. Then, the aneurysm was coiled using
GDC Boston Scientific Detachable Coils in the same session
with the help of the previously deployed microcatheter. The
procedures were usually performed in a bi-plane angiography
suite. Multiple stent placement was performed only in a case
of coil protrusion. At the end of coiling an image was acquired
to assess immediate angiographic results. Once it was
technically feasible, an attempt was made to achieve complete
occlusion in the first treatment session.

During the procedures heparinized saline was continu-
ously infused into the arterial line. In the setting of intra-
procedural thrombosis abciximab was administered locally.
After embolization, the patient was transferred to the
intensive care unit for clinical observation and monitoring
of medical parameters. At that time, systemic heparin 15,000
IU for the next 24 h was administered intravenously to raise
the activated partial thromboplastin time 2-3 times above
normal values. Patients with unruptured aneurysms after
uncomplicated treatment were typically discharged from
hospital on postoperative day 3. Dual antiplatelet treatment
consisting of 75 mg clopidogrel and 75 mg acetylsalicylic acid
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was applied postoperatively every day for 6 weeks. Then,
acetylsalicylic acid was continued with intention to be
administered for the rest of the patient's life.

2.4. Clinical and angiographic outcomes

A control angiography was obtained immediately after the
embolization and at minimum follow-up of 6 months. The lack
of contrast filling within the aneurysm and the residual filling
in the aneurysm neck were classified as a complete and near-
complete occlusion, respectively. In cases of complete aneu-
rysm obliteration the patient was not followed-up any longer,
except for selected cases (e.g. endovascular treatment of
accompanying cerebral aneurysms). Recanalization was de-
fined as any increase in aneurysmal filling at follow-up. Once
there was enough space for an additional placement of coils,
the retreatment was performed.

Modified Rankin Scale (mRS) scores were recorded at
patients' discharge from hospital and during the last angio-
graphic follow-up period. The remaining patients were
interviewed by telephone if it was possible.

Detailed patient characteristics as well as the results are
presented in Table 1.

3. Results
3.1. Angiographic results and retreatment

Post-embolization angiogram revealed a complete aneurysm
occlusion in 32 (94%) cases. A near-complete aneurysm
occlusion performed in 2 cases (6%) resulted from the
difficulties of accessing the aneurysm for coiling in the patient
who had undergone previous clipping and in the other one
who suffered from advanced atherosclerosis.

Angiographic follow-up was achieved in 28 (82%) patients
and ranged from 6 to 72 months, with a mean of 12.9 months.
In 25 (89%) cases no change in the degree of occlusion at initial
angiographic follow-up was detected. In 3 (11%) cases the
control angiogram showed compaction of the coils into the
aneurysm: one of these patients underwent a second coil
embolization, whereas the remaining two patients were
followed with angiography.

3.2. Clinical outcome

The procedure-related severe morbidity rate of 2.9% (1/35) was
associated with the coil protrusion into the parent artery with
accompanying thromboembolism. Despite attempts to re-
trieve the prolapsed coil and to deploy a second rescue stent
the migrated coil was left in situ. The control angiogram
revealed occlusion of the anterior cerebral artery that resulted
in an acute infarction in the territory of this vessel seen on the
CT scan followed by the severe cognitive impairment experi-
enced by the patient.

There was also another case of the neurological deteriora-
tion but it was not associated with the procedure and came
about before the endovascular treatment. This patient initially
with SAH (Hunt-Hess grade 1) experienced acute respiratory
failure and depression of consciousness (Hunt-Hess grade 3)

due to brain swelling. After intensive care unit conservative
therapy the stent-assisted coiling was performed uncompli-
cated.

Periprocedural mild adverse events occurred in 8.6% (3/35)
procedures and all of them were associated, to some extent,
with thromboembolism.

In two cases clinically silent thromboembolic events were
associated with the procedure of stent deployment. After
instant intraarterial administration of abciximab the improve-
ment of arterial blood flow was observed in the control
angiogram.

In one case intraoperative aneurysm rupture occurred
when placement of a second coil was attempted. Another coil
was immediately delivered into the aneurysm lumen what
resulted in complete obliteration of the aneurysm and
cessation of extravasation. Unfortunately, immediate control
angiogram showed thromboembolic occlusion of anterior
cerebral artery. After prompt administration of abciximab
total recanalization was revealed on angiography. Post-
procedural brain CT demonstrated insignificant blood clot
around the AcomA aneurysm. The patient developed tran-
sient, mild hemiparesis and recovered completely in the next
few days.

The clinical follow-up achieved in 33 (97%) patients and
performed at minimum 6 months (mean 14.6 months) showed
no change in 30 (90.9%) patients and one case (3%) of the
clinical improvement in a patient with the initial disorienta-
tion after the aneurysm rupture. Of the two (6%) cases of the
neurological worsening during the follow-up period one
patient experienced a brainstem stroke with sustained
dysarthria and dysphagia and in the other one undiagnosed
increasing mental and gait disturbance occurred.

4, Discussion

Stents deployed across the neck of the intracranial aneurysm
during a coiling procedure prevent a coil mass herniation into
the parent artery and allow denser packing of the aneurysm
with coils, resulting supposedly in a better long-term occlusion
rate [1,8,11,14,15]. In addition to these mechanical functions,
hemodynamic and biologic effects of stenting are reported
[8,16]. Endothelial growth induced by stents promote benefi-
cial remodeling of the aneurysm neck and the parent artery
but may also lead to unfavorable in-stent stenosis [8,16-19].
Alteration of intra-aneurysmal flow following stent implanta-
tion is considered to induce progressive thrombosis of
incompletely occluded aneurysm; however it is not common
in AcomA aneurysms compared with other aneurysm loca-
tions [5,12,16]. Changing the blood flow direction may also
decrease the rate of recanalization [16]. Although, the great
majority of stents currently applied in the endovascular
treatment of AcomA aneurysms are not specifically created
for the flow diversion, it is reported that aneurysms in this
location treated with stent-assisted coiling recur rarely
[5,12,16]. An example of the parent artery angle increase after
stent placement is presented in Fig. 1.

Treatment of wide-neck AcomA aneurysms with complex
anatomy may sometimes require dual stent placement in X- or
Y-configuration or using the “waffle cone” technique. Most



Table 1 - Patients characteristics and treatment results.

Patients Angiographic outcome Clinical outcome
No. Age/sex Clinical Aneurysm Instant Technical Occlusion at Follow-up  Re-treatment mRS at mRS at Follow-up
presentation  size (mm) occlusion complication  last follow-up period discharge last follow-up period
1 48/M incidental 6 Near-Complete Thr Near-Complete 72 None 0 1 72
2 42/M SAH (III H-H) 5 Complete None Complete 8 None 0 0 8
3 68/F headaches 6 Complete None Complete 22 None 0 0 22
4 34/M SAH (III H-H) 3 Complete None Complete 31 None 0 0 31
5 59/F incidental 4 Complete Thr Complete 25 None 0 0 25
6 67/F incidental 6 Complete None N/a due to lack of consent = 0 0 36
7 33/M incidental 3 Complete None Complete 7 None 0 0 7
8 50/M incidental 5 Complete None N/a due to lack of contact - 0 N/a due to lack of contact
9 63/F incidental 5 Complete None N/a due to clinical status = 0 4 32
10 63/M SAH (III H-H) 4 Complete None Complete 7 None 2 2 7
11 56/M incidental 18 Complete None Complete 13 Yes 0 0 13
12 67/F incidental 4 Complete None Complete 6 None 0 0 6
13 57/F incidental 3 Complete None N/a due to lack of consent = 0 0 26
14 32/F incidental 2 Complete None Complete 8 None 0 0 8
15 59/M incidental 8 Complete Coil N/a due to clinical status - 3 3 22
prolapse,
Thr

16 48/F headaches 4 Complete None Near-Complete 18 None 0 0 18
17 49/F incidental 4 Complete None Complete 7 None 0 0 7
18 34/M incidental 4 Complete None Complete 7 None 0 0 7
19 57/F incidental 5 Complete None Complete 6 None 0 0 6
20 64/F incidental 4 Complete None Complete 6 None 0 0 6
21 68/F incidental 8 Complete None Complete 8 None 0 0 8
22 66/F incidental 5 Complete None Complete 6 None 0 0 6
23 70/F headaches 6 Complete None Complete 9 None 0 0 9
24 58/F incidental 7 Complete None Complete 12 None 0 0 12
25 36/F incidental 5 Complete None Complete 6 None 0 0 6
26 51/M SAH (III H-H) 4 Complete None Near-Complete 28 None 1 0 28
27 68/M incidental 10 Complete None Complete 6 None 0 0 6
28 60/F headaches 5 Complete None Complete 6 None 0 0 6
29 36/F headaches 4 Complete None Complete 6 None 0 0 6
30 55/M SAH (III H-H) 5 Complete None Complete 7 None 0 0 7
31 67M headaches 4 Complete None Complete 8 None 0 0 8
32 40/M headaches 13 Complete None Complete 9 None 0 0 9
33 65/F incidental 3 Compete IAR, Thr Complete 6 None 0 0 6
34 70/M incidental 4 Near-Complete None N/a due to lack of contact None 0 0 7

SAH - subarachnoid hemorrhage, H-H — Hunt&Hess grade, Thr - thromboembolism, IAR - intraoperative aneurysm rupture, mRS — modified Rankin Score, N/a — not available.
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Fig. 1 - AcomA aneurysm treated with stent-assisted coiling. (A) Nonsubtracted and (C) subtracted projections before
embolization. (B) Nonsubtracted angiogram after embolization shows the stent positioned with the proximal and distal
markers and the coils introduced into the aneurysm. (D) Control subtracted angiogram shows total occlusion of the
aneurysm. Note the parent arterial angle change after stent deployment (asterisk).

commonly, though, stent-assisted endovascular treatment of
AcomA aneurysms proceeds with the deployment of one stent
across the aneurysm neck [1,4,5]. However, there are three
possible stent placement configurations across the AcomA
aneurysms: deploying stent from ipsilateral A1 to contralateral
A2, from ipsilateral Al to ipsilateral A2, and from ipsilateral Al
to contralateral Al. Generally, the implantation strategy
depends on aneurysm neck location and symmetry of anterior
cerebral arteries [4]. It is also a matter of vascular inter-
ventionalists' preferences, as stent configurations applied
during treatment of AcomA aneurysms vary among authors
[1,4,5]. Similarly, there are different operative methods
depending on the timing of stent deployment in relation to
coiling [1,4,5,20]. In the ‘“trans-cell” technique a stent is
deployed at the beginning of the procedure and a coiling
microcatheter is inserted into the aneurysm dome through the
stent struts. Stent-assisted coiling described in our study was
performed using a “jailing” technique, in which a stent
is navigated into the parent vessel after the aneurysm is
catheterized but before coil deployment. It is reported that the
placement of the microcatheter between the vessel wall and
the stent in this technique helps to stabilize the microcatheter
during coiling, although, embolization with an application of
the “jailing” technique may be challenging in AcomA
aneurysms due to small diameter of anterior cerebral artery

and vasospasm resulted from SAH [4]. However, taking into
account the fact that deploying of a microcatheter into the
aneurysm lumen is more difficult after stenting [21], we prefer
to use the “‘jailing” technique as a first-choice in the treatment
of all intracranial aneurysms at our center. Moreover, the
aneurysms treated in the current study are on average smallin
size, so we apply this technique, as it is reported to be efficient
for treatment of wide-neck, tiny intracranial aneurysms [22].

Considering the fact that significant morbidity rates in
three series on stenting of AcomA aneurysms range from 0% to
5%, stent-assisted embolization of wide-neck AcomA aneur-
ysms is reported to be a safe method what is confirmed by our
results [1,4,5]. Mortality rate of 1.6% in Johnson's publication
on AcomaA aneurysms stent-assisted coiling was related to one
fatal hemorrhagic case caused by the unfortunate deployment
of a third additional rescue stent for stabilization of a
herniated coil [5]. This author reports that implantation of a
first or a second stent is a routine tool for coil prolapse into the
parent artery. However, the implantation of a third stent is
hazardous and in such cases leaving the coil herniated
followed by aggressive antiplatelet therapy may be a better
resolution [5]. It should be keptin mind that prolonged attempt
of retrieval of migrated coil and implantation of a supplemen-
tary second stent may be associated with a thromboembolic
event, as it was reported in our study. Delayed recognition and
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treatment of the acute thromboembolic occlusion of anterior
cerebral artery resulted in our case in ischemic stroke with
serious clinical consequences. Finitsis et al. report a case of coil
protrusion during endovascular treatment of AcomA aneu-
rysm. In that case the coil was left in place and the patient was
put under anticoagulation with an excellent clinical outcome
[7]. Tt is also worth pointing out that the immediate
termination of the treatment session and the early adminis-
tration of the glycoprotein IIb/Illa receptor antagonist in the
thromboembolic events prevented severe postoperative clini-
cal complications in three patients of our study population.

It is widely known that thromboembolism is one of the
most negative aspects of stent-assisted embolization, albeit
the thromboembolic risk of AcomA aneurysms stenting is
lower in relation to other aneurysm locations [5,23]. Nonethe-
less, to decrease the risk of periprocedural and delayed stent-
related thromboembolic complications the use of antiaggre-
gant agents is obligatory. Although, the optimal therapy for
patients treated with stent-assisted coiling has not been
determined yet, the dual antiplatelet therapy is most
commonly applied in the treatment of AcomA aneurysms;
however, the appropriate time of drug administration, dosage,
duration of pharmacotherapy, monitoring of platelet activity
by thromboelastography and the use of antiplatelet therapy in
acute phase of SAH varies considerably among authors [1,4,5].

Results of studies on stent-assisted AcomA aneurysms
coiling showed that initial post-embolization complete and
near-complete occlusion rate was 66-95% and the percentage
of patients with recanalization requiring retreatment was 5.5-
12.1% [1,4,5]. It is reported that one of the factors decreasing
the risk of recanalization is sufficient packing of the sac with
coils [24]. Our philosophy of endovascular treatment is to
achieve the possible maximal aneurysm occlusion at initial
control angiography. It may be one of the reasons the
retreatment rate of 3.6% achieved in our study is compara-
tively low. This relatively aggressive approach is particularly
applied in the treatment of the AcomA aneurysms, as it is
documented that these aneurysms treated with microsurgical
clipping are amongst those with the highest recurrence rate in
comparison to aneurysms at other locations [25].

As it was demonstrated in the International Subarachnoid
Aneurysm Trial (ISAT), angiographic occlusion rates of coiling
in long-term follow-up are worse than the rates for microsur-
gical clipping [26]. Hence, the imaging follow-up after
endovascular treatment is mandatory [27]. It is reported that
the majority of adequately coil-occluded cerebral aneurysms
at initial follow-up of 6 months do not require further imaging
follow-up [27]. Therefore, we perform routinely first follow-up
angiography at 6 month after initial treatment and in cases of
complete aneurysms obliteration we do not follow-up patients
any longer.

Three mechanisms of aneurysm recurrence after coiling
are described: coil compaction, aneurysm regrowth and fundal
migration [28]. The identification of patients with aneurysm
recurrences who will need a retreatment and the decision of
which treatment method to choose is still made on individual
judgment, as the definition of relevant aneurysm reopening is
yet not clear [28]. Our strategy is to treat aneurysm recurrences
by additional standard coiling procedures whenever technical-
ly possible, like we have done itin 1 of 3 cases of recanalization

in our study. The two remaining recurrent aneurysms were not
amenable to re-embolization as the residual spaces were
smaller than 2 mm and it was impossible to occlude them with
the shortest available coil. We have followed-up these patients
closely, being aware of the fact that nonprogressive aneurysmal
remnants have still a potential to hemorrhage [29].

Introduction of stents designed for intracranial use have
reinforced the role of endovascular therapy in terms of long-
term angiographic durability. In comparison to earlier balloon
remodeling technique, in which a non-detachable balloon is
inflated across the aneurysm neck, the permanent presence of
a stent in a parent artery is associated with significant
reduction of aneurysm recanalization [10]. However, it gives
the necessity for long-lasting administration of antiplatelet
therapy and the very procedure of stent implantation is
reported to be more hazardous than the above-mentioned
balloon remodeling and it is performed at the expense of
augmented risks of ischemic, as well as hemorrhagic
complications [10].

The limitation of the current study is its retrospective and
observational character. Additionally, there is also a patient-
selection bias, as there was only few patients after SAH and all
the cases reported in this series were from a single institution.

5. Conclusions

This study concurs with others and proposes that stent-
assisted coiling of AcomA aneurysms is an effective treat-
ment method with satisfactory long-term angiographic and
clinical results. Periprocedural complications resulting in
severe morbidity are rare and in terms of thromboembolic
events some of them probably have a potential to be
avoidable.
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