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OBJECT The use of the Pipeline Embolization Device (PED) as a sole endovascular modality has been described
for the treatment of brain aneurysms. The benefit of using coils concurrently with a limited number of PEDs is not well
documented. The authors describe their experience with this technique as well as their midterm clinical and angiographic

results.

METHODS This is a retrospective review of patients treated between 2011 and 2014. The authors placed a minimal
number of PEDs with the addition of coils using a “jailed” microcatheter technique. A partially dense coil mass was ob-
tained. Immediate and midterm clinical and angiographic results are reviewed.

RESULTS The authors treated 27 patients harboring 28 aneurysms using this technique. The mean aneurysm size was
11.9 mm, and the mean neck size was 5.4 mm. A mean of 1.48 PEDs were placed per patient, and a mean of 1.33 PEDs
per aneurysm were placed. The Raymond score immediately after PED placement was 2 or 3 in 82.1% of the patients.

There were no intraprocedural or postprocedural complications. All PEDs were successfully deployed. No clinical or
technical adverse effects related to the coil mass were observed. There were no clinical or radiographic signs of ische-
mia in this group. At follow-up imaging, complete aneurysm occlusion was demonstrated on the first MR angiogram (3-5
months) in all patients who reached this milestone. Follow-up digital subtraction angiography (5-13 months) confirmed
complete occlusion in all patients who reached this milestone. All patients maintained their baseline clinical status.

CONCLUSIONS The deployment of PEDs with concurrent partially dense coiling is safe and efficacious. This technique
achieved early complete occlusion and endovascular reconstruction of the parent vessel, without inducing mass effect.
Favorable midterm clinical results were observed in all patients.

http://thejns.org/doi/abs/10.3171/2014.12.JNS141259
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modify and redirect flow as a treatment option for

wide-neck aneurysms.!2!0:14-1626 The Pipeline Em-
bolization Device (PED; ev3 Neurovascular) has been
approved specifically to treat large, wide-neck proximal
internal carotid artery (ICA) aneurysms at the cavernous
ICA and ophthalmic artery segments as a sole device.!!®
There are few published descriptions of the concurrent use
of PEDs and coils.??!* A detailed and specific description
of this technique, as well as its benefits and limitations has
not as yet been presented in the current literature.

FLOW—DIVERTER devices were originally reported to

In a multicenter study of the use of PEDs for aneurysms
that cannot be treated with coils or aneurysms for which
treatment has failed (the Pipeline for Uncoilable or Failed
Aneurysms study), where PEDs were used as a sole en-
dovascular device (without concurrent coiling), the mean
number of PEDs used was 3, and 98.1% of the patients re-
ceived more than 1 PED.! In another large series of patients
treated using PEDs as the sole device, the mean number of
PEDs per patient was 1.7.2! Our treatment paradigm fo-
cused on the reduction in the number of PEDs used per
aneurysm, while simultaneously achieving rapid and com-

ABBREVIATIONS ICA = internal carotid artery; MRA = MR angiography; mRS = modified Rankin Scale; PED = Pipeline Embolization Device; PRU = P2Y12 reaction units.
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plete aneurysm obliteration with the simultaneous addi-
tion of a partially dense coil mass. We have analyzed this
technique in respect to aneurysm occlusion rates, timing
of occlusion, and procedural complications. We have also
reviewed and quantified immediate results and midterm
clinical and angiographic outcomes.

Methods

This is a retrospective analysis of patients who were
treated for intracranial aneurysms between 2011 and 2014
at our institution. Intuitional review board approval was
received. In this cohort, we aimed to treat the aneurysm
with a single PED across the aneurysm neck. In cases in
which a second PED was used, most were deployed to
achieve proximal anchoring of the first PED due to lack of
proper wall apposition as a result of the caliber difference
between the parent vessel at the aneurysm neck and at the
proximal landing zone. Subsequent to PED placement,
we proceeded to embolize the aneurysm with a partially
dense coil mass after “jailing” a microcatheter in the an-
eurysmal sac.

Preoperative Protocol

All patients were started on dual antiplatelet therapy
that included 75 mg clopidogrel and 81 mg aspirin be-
tween 5 and 7 days prior to the procedure. A P2Y12 as-
say (VerifyNow, Accumetrics) was obtained in all patients
1 day prior to the procedure to evaluate and confirm the
level of platelet inhibition obtained by the dual antiplatelet
regimen. Treatment was performed only after confirma-
tion of response to these agents (< 180 P2Y12 reaction
units [PRU]). Patients who demonstrated higher levels of
PRU were treated with 150 mg clopidogrel, and a second
PRU level was obtained on the day of the procedure. Pa-
tients who did not respond to clopidogrel were treated with
Effient (10 mg), and were then reevaluated by PRU assays.
Treatment for hyporesponsive patients was cancelled and
rescheduled after an appropriate and acceptable response
to the antiplatelet treatment was determined. In cases in
which we recognized a hyperresponding assay, we contin-
ued with the procedure as scheduled.

Four-vessel diagnostic angiography was performed in
all patients, and 3D reconstructed images were created. In
cases in which we planned to extend the PED into the M,
segment with covering of the A, segment origin,'” a thor-
ough bilateral angiographic assessment of flow dynamics
in the anterior circle of Willis was performed.

Interventional Procedure

All embolization procedures were performed via a
standard transfemoral approach under full heparinization.
The specific dimensions of the PED were chosen for each
case after quantitation of the size of the aneurysmal neck
and parent vessel diameter at the level of the aneurysmal
neck and at the level of the landing zones. We attempted
to match the size of the nominal PED diameter relative
to the proximal landing zone and to the diameter of the
parent vessel at the aneurysmal neck to maximize flow
diversion.?

An 8-F sheath was used. We used a triaxial system with
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an 8-F guiding catheter, an intermediate catheter (DAC
0.44/115, Stryker Neurovascular) and the Marksman mi-
crocatheter (ev3 Neurovascular) to deliver the PED. Af-
ter positioning the microcatheter distal to the aneurysmal
neck, we navigated a second microcatheter, parallel to the
DAC, into the aneurysm sac to subsequently deploy coils
via this “jailed” microcatheter. After deployment of the
PED we continued with coil embolization, with the ob-
jective to achieve only a partially dense coil mass within
the aneurysmal sac, without maximal packing and without
total occlusion of the neck bridged by the PED (Figs. 1-3).
We used the Raymond classification system? to assess the
angiographic immediate post embolization result.

Postprocedural Management and Follow-Up

We used short-term (45 days) low-dose steroid treat-
ment in the periprocedural period. Clopidogrel was dis-
continued soon after MR angiography (MRA) demon-
strated complete occlusion (4—5 months).

We used a strict clinical and imaging follow-up proto-
col for the patients in our cohort. Follow-up imaging was
performed using MRA in a high-field magnet, with and
without contrast, at 3 months postembolization to assess
aneurysm occlusion.”?#3° Review of source images, with-
out and with contrast, was performed to assess ischemic
territories or increased mass effect when clinical symp-
toms were absent. These images were compared with
baseline studies. Formal cerebral angiography was also
performed 6-12 months after the procedure. We used the
Raymond classification to assess the angiographic results
and compared them with the immediate postprocedural
results. We elected to grade the occlusion grade in the im-
mediate postembolization and midterm follow-up stud-
ies using the Raymond classification system and not the
O’Kelly classification system,” as we relied not only on
flow diversion for aneurysmal occlusion, but on the com-
bination of flow diversion augmented with coils. Two in-
dependent neuroradiologists evaluated follow-up images.

Immediate (3—5 months postprocedure) and midterm
(9-12 months postprocedure) clinical examinations and
assessments were also reviewed, utilizing the modified
Rankin Scale. All patients with proximal carotid aneu-
rysms underwent pre- and postprocedure (at 4—6 weeks)
formal neuroophthalmological evaluations.

Results
Patient Demographics and Aneurysm Characteristics

Twenty-seven patients with 28 aneurysms were in-
cluded in the current study and were treated between 2011
and 2014 with the combination of PEDs and concurrent
use of coils. There were 26 female patients in the cohort.
The median age was 51 years (range 31-78 years) (Table
1). The aneurysms sites are documented in Table 2. Two
patients (7.4%) presented with subarachnoid hemorrhage
and were treated with partial coiling in the acute phase.
A PED was then deployed in the subacute phase (one at 3
weeks and the other at 3 months after the rupture) in these
2 patients to achieve complete occlusion. Twenty-five pa-
tients with unruptured aneurysms presented with normal
findings on neurological examination (modified Rankin
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FIG. 1. A: Three-dimensional angiographic reconstruction of a giant posterior communicating artery aneurysm. B: Postemboliza-
tion injection after deployment of a single PED and concurrent embolization with a partially dense coil mass. Note residual contrast
stagnation in the aneurysm sac. C and D: Follow-up MR angiograms obtained 3 months postprocedure with (C) and without

(D) contrast, demonstrating complete occlusion of the aneurysm. Note hyperintense peripheral signal in the noncontrast study
compatible with thrombosis. This area does not enhance after contrast administration. In addition, linear peripheral enhancement
compatible with target sign is demonstrated. E: Follow-up angiogram obtained 12 months after the procedure, demonstrating
complete occlusion of the aneurysm, without in-stent stenosis. The reverse oblique view is shown in order to demonstrate com-
plete endovascular reconstruction of the ICA with complete obliteration of the neck.

Scale [mRS] Score 0). The 2 patients with previously rup-
tured aneurysms recovered completely and presented with
normal neurological function (mRS Score 0) at the time of
the stent procedure.

The mean maximal aneurysm sac diameter was 11.9
mm (median 10.3 mm, range 4.2-31 mm). The mean neck
size was 5.4 mm (median 5 mm, range 3-14 mm), with
22 (78.6%) wide-neck aneurysms (= 4 mm or dome/neck
ratio < 2). There were 13 small aneurysms (< 10 mm), 13
large aneurysms (10-24 mm; in this group 3 were larger
than 15 mm) and 2 giant aneurysms (> 25 mm) (Fig. 1). Of
note, in this cohort, small aneurysms were treated with the
PED as an off-label device.

Procedural and Postprocedural Results

In our cohort, 1-3 PEDs (mean 1.33) were deployed
across aneurysm necks (19 patients [70.4%] were treated
with a single PED across the neck). Overall, 17 patients
(63%) received a single PED, 7 patients (25.9%) received 2
PEDs, and 3 patients (11.1%) received 3 PEDs.

Ten patients received more than 1 PED. Three patients
underwent placement of another PED (which did not cross
the aneurysm neck) to achieve better anchoring of the first
PED in light of caliber differences between the cavernous
ICA and supraclinoid ICA. In 7 patients, a second PED
was intentionally deployed across aneurysm necks; in 6
patients the neck was excessively wide (mean neck size 7.5
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FIG. 2. A: Three-dimensional angiographic reconstruction of an oph-
thalmic artery wide-neck aneurysm with a shallow aneurysmal fundus.
Note the narrowing of the parent vessel at the level of the distal aneurys-
mal neck. B: Plain radiograph demonstrating a single PED in the parent
vessel and partially dense coil mass. C: Follow-up angiogram obtained
8 months after the procedure, demonstrating complete occlusion of the
aneurysm, without in-stent stenosis. Note complete endovascular recon-
struction and remodeling of the ICA.
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FIG. 3. A: Three-dimensional angiographic reconstruction demonstrat-
ing a superior hypophyseal artery aneurysm and an ophthalmic artery
aneurysm. B: Postembolization injection after deployment of a single
PED and concurrent embolization with a partially dense coil mass. Note
residual contrast filling of the neck of the superior hypophyseal artery
aneurysm. C: Follow-up angiogram obtained 12 months after the pro-
cedure, demonstrating complete occlusion of the aneurysms, without
in-stent stenosis. Complete endovascular reconstruction of the ICA is
achieved.

mm, range 5—-14 mm) and in 1 patient retreatment was per-
formed after failure of previous (non-PED) stent-assisted
coiling.

All PED deployments were successful. The “jailing”
technique of a microcatheter in the aneurysmal sac used
for coil deployment did not create any complications or
technical difficulties in subsequent PED deployment.

In accordance with our goal of achieving only a par-
tially dense coil mass, there were 23 aneurysms (82.1%)
in which either Raymond Grade 2 or 3 occlusion was
achieved. In 5 patients (17.9%) Raymond Grade 1 aneu-
rysmal occlusion was achieved. There were 2 patients
in whom we delivered a very small number of coils to
achieve our primary goal of creating a partially dense coil
mass within the aneurysmal sac. This was our strategy
because of instability of the “jailed” microcatheter in the
aneurysm, which had a shallow aneurysmal dome associ-
ated with a wide neck (Fig. 2).

Clinically, all patients were stable in the immediate
postprocedural period without any new neurological defi-
cits. There were no hemorrhagic, thromboembolic, or is-
chemic complications, and none were due to local mass
effect.

Follow-Up Results

Twenty-three patients (85.2%) with 24 aneurysms un-
derwent angiographic follow-up (3 have yet to reach any
imaging milestones). All of these patients (100%) demon-
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TABLE 1. Patient’s demographics and aneurysm characteristics

Variable Value

Mean age in yrs (range) 51.8 (31-78)

Male/female 1:26

Aneurysm location

Cavernous segment 1
Paraophthalmic segment 7
OphA 9
Superior hypophyseal artery 3
PCoA 3
AChA 2
ICA bifurcation 1
Vertebral artery 2
Mean sac size in mm 1.9
Mean neck size in mm 54
Mean no. of PEDs per patient 1.48
Mean no. of PEDs across aneurysmal neck 1.33

AChA = anterior choroidal artery; OphA = ophthalmic artery; PCoA = posterior
communicating artery.

strated complete occlusion on follow-up imaging. Twenty-
two patients with 23 aneurysms (91.7% of the patients who
reached their MRA follow-up milestone) who underwent
short-term (mean 3.4 months, median 3 months, range
3-5 months) MRI/MRA follow-up demonstrated com-
plete occlusion of the aneurysm (Fig. 1). There were no
radiographic signs of ischemia. Fourteen patients with 15
aneurysms (87.5% of the patients who reached their for-
mal angiographic follow-up milestone) underwent mid-
term follow-up angiography (mean 9.4 months, median 9.5
months, range 5—13 months). All of these patients demon-
strated complete aneurysmal occlusion. We did not notice
or measure any in-stent stenosis on follow-up digital sub-
traction angiography in any of the patients in our cohort.
All patients maintained their baseline clinical status
during the follow-up period (mean 10.3 months, median
11 months, range 1-25 months) without any new neuro-
logical deficits and maintained an mRS score of 0. No new
neuroophthalmological deficits were observed.

Discussion

The use of PEDs has become a common treatment
option for intracranial aneurysms.->#>9212%31 The use of
PEDs has been typically described as a sole endovascular
treatment paradigm to treat large, wide-neck aneurysms
in the proximal supraclinoid ICA.!*!' The techniques and
indications for PED usage continue to evolve. Recently,
the utility of PEDs was described in more distal vascular
locations, such as the middle cerebral artery and anterior
cerebral artery and in the posterior circulation territo-
ries.?'272%31 We report the safe and efficacious utility of
PED deployment with concurrent simultaneous partially
dense coiling of the aneurysmal sac for treatment of vari-
ous intracranial aneurysms.

Based on our results, we believe that total packing of
the aneurysmal sac in the setting of immediate placement
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TABLE 2. Patients, aneurysmal and follow-up characteristics

Case Age Maximal Sac Neck Size No. of PEDs Raymond Time to MRA Time to DSA
No.  (yrs) Aneurysm Location Size (mm) (mm)  No.of PEDs Across Neck  Score* (mos) (mos)
1 51 Paraophthalmic segment 12 7 1 1 3 3 9
2 74  Superior hypophyseal artery 10.5 6 1 1 3 4 10
3 62 OphA 10.7 55 2 2 3 3 12
4 46 OphA 1" 6.5 1 1 3 3 13
5 47 PCoA 19 5 2 2 3 4 12
6 50 Paraophthalmic segment 19 6 2 2 3 3 12
7 49 Paraophthalmic segment 8.5 4.5 1 1 3 3 1"
8 62 PCoA 12 6 1 1 3 NA 9
9 55  Superior hypophyseal artery; OphA 75,75 4:3 1 1 33 3 13
10 63 Intradural vertebral artery 31 1" 3 3 3 NA NA
11 52 OphA 20 7 2 2 1 3 7
12 47 OphA 6.5 3 1 1 1 3 NA
13 41 Paraophthalmic segment 4.2 3 1 1 3 3 7
14 72 AChA 7 3.5 1 1 2 4 5
15 39 ICA bifurcation 10 5 1 1 1 4 6
16 46 Paraophthalmic segment 9 7 1 1 3 3 5
17 55 PCoA 9.8 31 1 1 2 5 DRM
18 55 OphA 8 3.5 1 1 1 4 DRM
19 31 OphA 1" 4 2 2 3 3 DRM
20 35 AChA 15.1 6.5 1 1 2 3 DRM
21 58 Intradural vertebral artery 15 14 3 2 3 4 DRM
22 32 Paraophthalmic segment 7 4 1 1 3 3 DRM
23 50 Paraophthalmic segment 9 45 3 1 3 4 DRM
24 78 OphA 12 45 1 1 2 3 DRM
25 58 Cavernous segment 25 5 2 2 3 DRM DRM
26 58 OphA 7 3.6 2 1 1 DRM DRM
27 44 Superior hypophyseal artery 8 5 1 1 3 DRM DRM

DRM = did not reach milestone; DSA = digital subtraction angiography; NA = not available.

* Scores immediately postprocedure.

of a PED is not required. Packing density is well recog-
nized as a predicting factor for persistent aneurysm occlu-
sion.?’ Large and wide-neck aneurysms, however, demon-
strate high rates of recanalization despite dense packing
even in the setting of standard stent deployment across the
neck.> We hypothesize that the low porosity of the PED,
compared with standard stents, may allow for a significant
reduction of the packing density of the coil mass in the
aneurysm with the achievement of complete long-term oc-
clusion.

There are several clear and distinct benefits derived
from this approach. Subtotal sac packing reduces the need
to coil directly down to and across the aneurysm neck;
thus, it reduces the risk of coils protruding into the par-
ent vessel subjacent to the PED. This aspect of the treat-
ment therefore becomes less technically challenging with
increased safety, particularly at the level of the aneurysm
neck.*® In our series, all cases demonstrated complete
and rapid aneurysm occlusion visualized on early MRA
(3-5 months), and 100% of patients who reached the mile-
stone demonstrated complete aneurysmal occlusion on
midterm formal cerebral angiographic follow-up.
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Our treatment paradigm is not completely novel. The
use of PEDs and coils has been previously described
(Table 3).1:6810.14-16.18.2124.26 The rate of this treatment para-
digm in series that describe the use of PEDs is variable
(0.9%—-51.6%); however, no homogeneous larger series
using the exclusive combination of PEDs and coils has
been described. The various series cited in the literature
did describe cases of combined treatment; however, only 1
series described the combined technique in multiple cases
(9 cases, 47% of that series) and then further provided the
occlusion rates of this subgroup as well as associated com-
plications. The use of PEDs with the addition of coils has
been described by Siddiqui et al.* for the treatment of a
giant MCA aneurysm. Their patient, who was treated with
2 PEDs and a dense coil mass, experienced acute post-
procedural thrombosis of the PED. The authors suggested
that this likely occurred due to the mass effect and throm-
bogenicity of the dense coil mass. Based on these find-
ings the authors proposed the placement of a less dense
coil mass in addition to PEDs for the treatment of large
or giant distal intracranial aneurysms.>* Despite utilizing
coils in the aneurysm sac, we did not observe any early or
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TABLE 3. Summary of previous descriptions of concurrent use of
PEDs and coils in the literature: incidence, occlusion rates, and
complications in heterogeneous series

Authors &  No. of PEDs & Coils/ PEDs & Coils
Year Overall Cases Occlusion Complications
Lylyk et al., 4/63 (6%) NP NP
2009
Szikora et al., 9/19 (47%) 9/9 (100%) 1 retinal branch oc-
2010 clusion (visual
field defect)
Nelson et al., 16/31 (51.6%) NP NP
201
Fischer et al., 3/101 (3%) NP 1 massive IVH
2012
McAuliffe et 6/57 (10.5%) NP 1 retinal branch oc-
al,, 2012 clusion (no clini-
cal sequelae)
Saatci et al., 11/251 (4%) NP NP
2012
Chitale et al., 1/36 (3%) NP NP
2012
Siddiqui et Case report — Acute PED throm-
al,, 2012 bosis
Becske et al,, 1/106 (0.9%) NP NP
2013
Dornbos et Case report Complete  No
al,, 2013
Nossek et al., Case report Complete  No
2014
IVH = intraventricular hemorrhage; NP = not provided; — = not applicable.

delayed mass effect in our cohort (including 2 giant aneu-
rysms and 3 aneurysms larger than 15 mm), inclusive of
any signs of optic pathway compression. In our experience,
subtotal packing with concurrent PED deployment may al-
low for early thrombosis and future size reduction of the
aneurysm sac.

According to most series in the literature, there has
been a need to use multiple PEDs to achieve significant
flow diversion and flow reduction in an aneurysm sac, es-
pecially when large and giant aneurysms are treated.?!
With treatment using multiple PEDs, the rate of incom-
plete occlusion during the follow-up period has been as
high as 5.6%— 13.2%,'?! and the rate of retreatment has
been noted to be 3.2%—7.9%.1014-16.21.26 The rate of com-
plete occlusion of aneurysms treated with PEDs as a sole
endovascular device at 6-month follow-up ranges between
52% and 94.4%.014-1621.26 With our treatment paradigm,
utilizing a mean of 1.33 PEDs per aneurysm concurrently
with subtotal coiling, we noted a high and early complete
occlusion rate.

We attempted to deploy the least number of PEDs in
each case to reduce the amount of intimal coverage in the
parent vessel. This paradigm addresses possible complica-
tions of deployment of multiple PEDs, such as malalign-
ment of multiple PEDs, early stent thrombosis, and future
in-stent stenosis. The deployment of multiple PEDs can be
challenging in respect to accurate stent landing zones and
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verification of perfect alignment in the presence of tortu-
ous vascular anatomy and acute curves in the parent ves-
sel. The PED size used is determined by the vessel diam-
eter at the level of the neck and at the desired level of the
proximal landing zone. The goal is to achieve maximal
metallic coverage and the lowest porosity to maximize
flow diversion.” In certain cases an additional PED is re-
quired to match diameter discrepancies in the proximal
landing zone.

The use of a single PED is clearly beneficial for the
treatment of aneurysms in the vicinity of perforators. Our
treatment paradigm enabled us to use a single PED across
critical end-arteries such as the anterior choroidal artery
and the medial lenticulostriate arteries (Fig. 4)."® The abil-
ity to effectively use a single PED increases the safety of
treatment and reduces potential ischemic events in the set-
ting of early and complete aneurysm occlusion. Addition-
ally, when reviewing our entire cohort, the use of fewer
PEDs allowed us to shorten the duration of dual antiplate-
let therapy.

Hemorrhagic complications after PED deployment have
been previously described at an incidence of 1.6%—5.6% in
several retrospective reviews.!%-14-16:2126 Tn our cohort, with
utilization of our treatment paradigm, we did not experi-
ence any similar morbidity or mortality, such as hemor-
rhagic complications or delayed aneurysmal rupture. Criti-
cal changes in intraaneurysmal flow and pressure may be
the basis of these positive results.

When using PEDs alone as a treatment modality, large
and giant aneurysms may need a longer time to completely
occlude.?! Thus, these aneurysms are still at risk for rup-
ture in the follow-up period prior to total occlusion. Sever-
al recently published computational and in vitro fluid dy-
namic models have quantitated intraaneurysmal pressure
changes. PEDs have been reported to induce reductions
in intraaneurysmal pressures of only 2—10 mm Hg despite
the flow velocity changes.!!'223 The authors concluded that
in a nonthrombosed aneurysm or in an aneurysm with de-
layed thrombosis, the intraaneurysmal pressure remains
essentially unchanged regardless of the amount of the
intraaneurysmal flow velocity reduction induced by the
PED.?* Established long-term experience with aneurysms
occluded by coils demonstrates prevention of hemorrhage
after dense packing of the aneurysm. This may be sug-
gestive of changes in the intraaneurysmal flow velocities
and pressures. With our technique of subtotal coiling with
concurrent placement of PEDs, we have combined the ef-
fects of the 2 modalities, presumably modifying the flow
dynamics and pressure profiles within the aneurysm sac.
This is correlated with excellent short-term complete oc-
clusion rates without any incidence of delayed ruptures.

Study Limitations

Our study comprises 27 patients harboring 28 aneu-
rysms. This is a relatively small series, and our maximal
clinical and radiographic follow-up is midterm. Thus, our
results need to be further substantiated by ongoing data
collection analysis and larger numbers of patients. Our
technique may be problematic in respect to the evaluation
of wall apposition immediately post-PED deployment in
the angiography suite using DynaCT angiography, as the
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FIG. 4. A: Three-dimensional angiographic reconstruction of an ante-
rior choroidal artery wide-neck aneurysm. B: Postembolization injection
after deployment of a single PED and concurrent embolization with a
partially dense coil mass. Note residual contrast filling of the neck at the
origin of the anterior choroidal artery (arrow). C: Follow-up angiogram
obtained 6 months after the procedure, demonstrating complete aneu-
rysm occlusion, with patency of the anterior choroidal artery (arrow).

coil mass induces an obscuring artifact at the level of the
PED.

Conclusions

We found that the deployment of a minimal number of
PEDs with the concurrent use of subtotal aneurysm pack-
ing with coils achieved early aneurysm occlusion rates with
favorable midterm clinical and angiographic outcomes.
There were no intraprocedural complications. The use of
concurrent coiling to achieve a partially dense coil mass
may assist in reducing the number of PEDs deployed, thus
allowing for safer treatments and earlier time intervals to
complete occlusion. The technique proposed has the poten-
tial to reduce the rate of hemorrhagic complications due to
delayed aneurysmal rupture and thromboembolic events.
Early complete occlusion and less intimal coverage in the
parent vessel may shorten the need for prolonged dual an-
tiplatelet therapy.
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