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ORIGINAL RESEARCH
INTERVENTIONAL

Neck Location on the Outer Convexity is a Predictor of
Incomplete Occlusion in Treatment with the Pipeline

Embolization Device: Clinical and Angiographic Outcomes
T. Sunohara, H. Imamura, M. Goto, R. Fukumitsu, S. Matsumoto, N. Fukui, Y. Oomura, T. Akiyama,

T. Fukuda, K. Go, S. Kajiura, M. Shigeyasu, K. Asakura, R. Horii, C. Sakai, and N. Sakai

ABSTRACT

BACKGROUND AND PURPOSE: With the increasing use of the Pipeline Embolization Device for the treatment of aneurysms, predictors of
clinical and angiographic outcomes are needed. This study aimed to identify predictors of incomplete occlusion at last angiographic follow-up.

MATERIALS AND METHODS: In our retrospective, single-center cohort study, 105 ICA aneurysms in 89 subjects were treated with
Pipeline Embolization Devices. Patients were followed per standardized protocol. Clinical and angiographic outcomes were analyzed. We
introduced a new morphologic classification based on the included angle of the parent artery against the neck location: outer convexity
type (included angle, ,160°), inner convexity type (included angle, .200°), and lateral wall type (160° # included angle #200°). This clas-
sification reflects the metal coverage rate and flow dynamics.

RESULTS: Imaging data were acquired in 95.3% of aneurysms persistent at 6months. Complete occlusion was achieved in 70.5%, and
incomplete occlusion, in 29.5% at last follow-up. Multivariable regression analysis revealed that 60 years of age or older (OR, 5.70; P¼ .001),
aneurysms with the branching artery from the dome (OR, 10.56; P¼ .002), fusiform aneurysms (OR, 10.2; P¼ .009), and outer convexity–
type saccular aneurysms (versus inner convexity type: OR, 30.3; P, .001; versus lateral wall type: OR, 9.71; P¼ .001) were independently
associated with a higher rate of incomplete occlusion at the last follow-up. No permanent neurologic deficits or rupture were observed
in the follow-up period.

CONCLUSIONS: The aneurysm neck located on the outer convexity is a new, incomplete occlusion predictor, joining older age,
fusiform aneurysms, and aneurysms with the branching artery from the dome. No permanent neurologic deficits or rupture was
observed in the follow-up, even with incomplete occlusion.

ABBREVIATIONS: MCR ¼ metal coverage ratio; PED ¼ Pipeline Embolization Device

F low-diversion stents with the Pipeline Embolization Device
(PED; Medtronic) were first reported in 2008.1 Since then,

multiple trials2-6 and retrospective studies3,7,8 have reported the
safety and efficacy of the PED in the treatment of intracranial
aneurysms. Long-term follow-up data showed a 95.2% occlusion
rate at 5 years after treatment3,8 and no evidence of recanalization
of previously occluded aneurysms.3 Angiographic and clinical
long-term follow-up data are important because incomplete
occlusion leads to retreatment or rerupture in coil embolization.9

Several factors such as age, sex, smoking, fusiform-type aneur-
ysms, small aspect ratios, and dome-neck ratios have been reported

to be predictors of incomplete or complete occlusion.10-17 However,

there is debate about outcomes when using these factors because of

limited analysis of the confounding factors. Moreover, the follow-up

imaging rate of incomplete occlusion is sometimes insufficient

(around 50% at 6months).1 Additionally, the same morphologic

indices used in coil embolization were used in previous PED studies,

even though the 2 methods are different in their treatment mecha-

nism for aneurysms. The metal coverage ratio (MCR)18-20 is an im-

portant metric of PED treatment.
Although the MCR correlates with the occlusion rate,19 it

is calculated after treatment and additional work-up is
needed to acquire it. Therefore, in this study, we introduced a
new classification based on the included angle of the parent
artery against the neck location for the aneurysm, which can
be measured before the PED treatment and complements the
MCR: outer convexity type, inner convexity type, and lateral
wall type. In addition, we clarified factors, including our new
classification, affecting incomplete occlusion and clinical
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outcome in PED treatment, on the basis of data with a high

follow-up rate.

MATERIALS AND METHODS
Study Design
A retrospective analysis of consecutive aneurysms treated with
PED placement between July 2015 and July 2019 at a single insti-
tution was performed. The inclusion criteria consisted of all adult
patients with intracranial unruptured aneurysms treated with the
PED who had undergone angiographic follow-up. All aneurysm
morphologies (ie, saccular, fusiform, and so forth) and intracra-
nial locations were included. Institutional review board approval
was obtained at the center before commencement of the study.
Informed consent was obtained in the form of an opt-out on the
Web site. Those who opted out were excluded from the study (0
patients). We collected the following information: patient demo-
graphics, aneurysm and PED characteristics, procedural compli-
cations, and angiographic and functional outcomes.

Procedural Details
Patients received aspirin, 100mg, and clopidogrel, 75mg daily, for
10–14days before the intervention. Platelet function testing was
routinely performed with the VerifyNow P2Y12 assay and the
VerifyNow Aspirin assay (Accumetrics) on the day before the pro-
cedure. Clopidogrel nonresponders were identified on the basis of
established cutoff values of .220, and aspirin nonresponders, of
.550. If a patient was identified as a clopidogrel responder, the
clopidogrel was continued. If a patient was identified as a clopidog-
rel nonresponder, the treatment was switched to prasugrel, 3.5mg
daily, with a 1-time loading dose of 20mg administered 24hours
before the procedure. If a patient was identified as an aspirin non-
responder, the daily dose of aspirin was increased to 200mg. Dual-
antiplatelet therapy was continued for at least 6months after the
procedure, and single-antiplatelet therapy was continued indefi-
nitely thereafter.

Patients were under general anesthesia, and all patients were
anticoagulated with heparin throughout the procedure. The 8F
guiding catheter, 5F Navien (Medtronic) distal-access catheter,
and a Marksman (Medtronic) microcatheter were used in a
coaxial system as a standard combination at the institute.

Angiographic Outcome
Angiographic outcome was assessed with DSA or MRA on the basis
of the follow-up protocol. At 6months after the procedure, all
patients and aneurysms were assessed with DSA. If aneurysms were
completely occluded at DSA, a follow-up assessment was performed
with MRA 6–12months thereafter. In the case of partial occlusion
at DSA, follow-up DSA was performed 3–6months later. In the
case of nearly complete occlusion at DSA, follow-up DSA or MRA
was performed 3–6months later at the discretion of the operator.

Aneurysm occlusion on the follow-up DSA was assessed by
trained interventionalists. Follow-up MRA was assessed by a radi-
ologist blinded to the clinical history and a trained interventional-
ist. Occlusion was categorized as complete occlusion (100%), near-
complete occlusion (90%–99%), and partial occlusion (,90%) at
DSA or MRA. Both near-complete and partial occlusion were col-
lectively defined as incomplete occlusion.

Classification of Saccular Aneurysms
Saccular aneurysms were classified into 3 subtypes based on the
included angle of the parent artery against the neck location. The
included angle is the angle formed by the arc of the internal carotid
artery against the aneurysm neck location. The angle was measured
by 2 workstations (Xtra Vision R1.3.2, Philips Healthcare, and
SYNAPSE VINCENT V5.2, Fujifilm), and the aneurysm was cate-
gorized as outer convexity (included angle,,160°;), inner convex-
ity (included angle, .200°), or lateral wall (160° # included
angle#200°) (Figure).

Clinical Outcome
Functional outcome was assessed with the mRS at each follow-up
by the neurosurgeon and interventionalist.

Statistical Analysis
Statistical analysis was performed with JMP software, Version 10
(SAS Institute). In the univariable analysis, variables were com-
pared among groups with the nonparametric test for continuous
variables and the x 2 test for categoric variables to identify predic-
tors of incomplete occlusion and bad neurologic outcome.
Statistical significance was defined as P, .05. Multivariable logis-
tic regression was performed on candidate predictor variables to
identify variables independently associated with incomplete
occlusion and clinical outcome at the last angiographic follow-up
after controlling for potential confounders.

Baseline and Aneurysm Characteristics
A total of 108 sequential aneurysms treated with PED placement
at a single institution were identified. Of these, 105 (97.2%)
aneurysms treated by 91 PED procedures in 89 patients (median
age, 58 years; female/male ratio, 4.9:1) had angiographic follow-
up and were included in this study. All treatments were for
unruptured aneurysms. Aneurysms were along the ICA. The
locations and measurements are shown in Table 1. Aneurysms
including the branching artery from the dome were present in
15.2%. The morphologic types of saccular aneurysms were com-
posed of the outer convexity type in 35.7%, inner convexity type
in 29.6%, and lateral wall type in 34.7%. Among patients, 28.6%
exhibited symptoms from cranial nerve compression before treat-
ment (Table 1).

FIGURE. Classification of saccular aneurysms.
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Treatment Outcome
The median length of the angiographic follow-up was 27months
(range, 9–60 months). All patients (89 patients, 105 aneurysms)
had 6-month angiographic follow-up. Table 2 shows the occlusion
rate at 6-months after treatment and at the last follow-up. The
long-term imaging follow-up rate of patients with incomplete
occlusion at 6-month DSA was 95.3% (41/43). The median length
of the angiographic follow-up of patients with incomplete occlu-
sion at 6-month DSA was 27.5months (range, 10–54 months). An
adjunctive coil was used in 33.3% of aneurysms, most of which
were intradural aneurysms. Retreatment was performed in 5.5% of
aneurysms and was exclusively endovascular. The mRS scores just
after PED placement were 0–2 in 94.4% of procedures and 3–5 in
5.6% because of ischemic stroke or the worsening of cranial nerve
compression. At the last follow-up, the mRS scores were improved
in 18.0% of patients. Improvement included pre-existing cranial
nerve compression symptoms or postprocedural symptomatic
stroke. Symptomatic neurologic complications appeared in 7.7% of
procedures. Symptomatic thromboembolic complications were
encountered in 6.6% of procedures, and symptomatic hemorrhagic
complications, in 0%. In 1 case, a symptom of cranial nerve com-
pression appeared after treatment because of a thrombosing aneu-
rysm. In 37.0%, cranial nerve compression was improved in the

follow-up period. The mortality rate was 0%, the postprocedural
morbidity rate was 7.7%, and the permanent morbidity rate was
0% (Table 2).

Predictor of Incomplete Occlusion
The following factors were tested as predictors of aneurysm
occlusion: age, sex, current smoker/nonsmoker, aneurysm type
(saccular or fusiform), complications, maximum dome diame-
ter of the aneurysm, neck diameter, aneurysm height, dome/
neck ratio, ASPECTS ratio, adjunctive coil usage, presence of
aneurysms with the branching artery from the dome, and the
classification of the saccular aneurysm. By means of a univari-
able analysis, age (older than 60 years, P¼ .002), fusiform
aneurysms (P¼ .012), aneurysms with the branching artery
from the dome (P, .001), and outer convexity type (P, .001)
were associated with significantly higher rates of incomplete
occlusion at the last follow-up (Online Table 1).

Table 1: Baseline characteristics of aneurysms and patient
demographics

Value
Patients (n¼ 89)
Age (yr)
Median (range) 58 (20–88)
Sex
Female 74 (83.1%)
Male 15 (16.9%)

Current smoking 30 (28.6%)
Pretreatment mRS
0–2 89 (100%)
3–5 0 (0%)

Symptomatic cranial nerve compression 26 (28.6%)
Aneurysms (n¼ 105)
Measurements (mm)
Median (range)
Maximum diameter 10.5 (2–33)
Neck size of saccular aneurysms 6.4 (2–14)
Height of saccular aneurysms 6.0 (0.9�28)

Aneurysm type
Saccular 98 (93.3%)
Fusiform 7 (6.7%)

Aneurysm location
ICA petrous 4 (3.8%)
ICA cavernous 31 (29.5%)
ICA paraclinoid 58 (55.2%)
ICA C1 segment 12 (11.4%)

Branching artery from dome 16 (15.2%)
Multiple aneurysms 13 (14.3%)
Morphologic types of saccular aneurysm
Outer convexity 35 (35.7%)
Inner convexity 29 (29.6%)
Lateral wall 34 (34.7%)

Procedures (n¼ 91)
No. of Pipelines
1 90 (98.9%)
2 1 (1.1%)

Table 2: Outcome measures

Value
Platelet function test
Yes 89 (100%)
No 0 (0%)

Clopidogrel responder
Yes 66 (74.2%)
No 23 (25.8%)

Angiographic outcome
Imaging follow-up
Median (range) (mo) 27 (9–60)
Data availability 89/92 (96.7%)
Long-term imaging follow-up rate with
aneurysm persistent at 6mo

41/43 (95.3%)

Occlusion rate at 6mo
Complete (100%) 62 (59.0%)
Near-complete (90%–99%) 20 (19.0%)
Partial (,90%) 23 (22.0%)

Occlusion rate at last follow-up
Complete (100%) 74 (70.5%)
Near-complete (90%–99%) 17 (16.2%)
Partial (,90%) 14 (13.3%)

Adjunctive coil 35 (33.3%)
Retreatment 5 (5.5%)

Clinical outcome
Posttreatment mRS
0–2 84 (94.4%)
3–5 5 (5.6%)
6 (death) 0 (0%)

mRS at last follow-up
Improved 16 (18.0%)
No change 73 (82.0%)
Worsened 0 (0%)

Neurologic complications
Thromboembolic 40 (44.0%)
Symptomatic 6 (6.6%)

Hemorrhagic 3 (3.3%)
Symptomatic 0 (0%)

Symptomatic cranial nerve compression 1 (1.1%)
Long-term outcome
Rupture of aneurysm at follow-up 0 (0%)
Compression improved at follow-up 10 (37.0%)
Permanent neurologic complication 0 (0%)
Permanent neurologic death 0 (0%)
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The significant predictors of incomplete occlusion at the last
follow-up in the univariable analysis were further analyzed with a
multivariable logistic regression. Age (older than 60 years; OR,
5.70; 95% CI, 1.99–19.5; P¼ .001), aneurysms with the branching
artery from the dome (OR, 10.56; 95% CI, 2.36–63.2; P¼ .002),
fusiform aneurysms (OR, 10.23; 95% CI, 1.77–86.3; P¼ .009), and
outer convexity–type saccular aneurysms (versus inner convexity
type: OR, 30.3; 95% CI, 4.96–595; P, .001; versus lateral wall type:
OR, 9.71; 95% CI, 2.45–52.0; P¼ .001) were independently associ-
ated with a higher rate of incomplete occlusion at the last follow-
up (Table 3). The number of each occlusion status per aneurysm
type is shown in Online Table 2.

Among the 16 aneurysms with a branching artery from the
dome, 10 aneurysms were the outer convexity type. Among the 35
outer convexity–type aneurysms, 10 aneurysms had the branching
artery from the dome. Although multivariable logistic regression
revealed that outer convexity–type and aneurysms with the
branching artery from the dome were independent predictors of
incomplete occlusion, there is a possible interaction between these
2 factors; therefore, further analysis was performed (Table 4). On
the basis of double-negative aneurysms as a reference, aneurysms
of the outer convexity type with the branching artery from the
dome (OR, 162; 95% CI, 21.5–3587; P, .001) were most suscepti-
ble to becoming an incomplete occlusion, followed by outer con-
vexity–type aneurysms without the branching artery from the
dome (OR, 16.6; 95% CI, 4.54–81.2; P, .001) and non-outer con-
vexity–type aneurysms with the branching artery from the dome
(OR, 9.0; 95% CI, 1.0–73.2; P¼ .05).

Predictor of Bad Clinical Outcomes
The posttreatment mRS was 0–2 in 94.4% (84/89) of procedures
and 3–5 in 5.6% (5/89). The complications of deteriorated mRS

included symptomatic thromboembolic strokes and newly appear-
ing cranial nerve neuropathy due to thrombosing aneurysms. No
major thromboembolic strokes occurred, and all patients were
improved at 6-month follow-up. The follow-up mRS score was
improved in 18% (16/89) and showed no change in 82% (73/89).
These improvements included not only symptomatic thromboem-
bolic strokes but also cranial nerve neuropathy caused by compres-
sion due to large/giant aneurysms. The mRS at the final follow-up
was 0–2 in all patients. The permanent neurologic complication
rate was 0%, and the permanent neurologic death was 0%. In the
long-term follow-up, no aneurysms were ruptured despite incom-
plete occlusion (Table 2).

DISCUSSION
In this study, we assessed predictors
of incomplete occlusion and clinical
outcome on the basis of high-follow-
up-rate data. Several factors affecting
complete/incomplete occlusion rates
were previously reported (Online Table
3).10-13,15,16,21-26 However, these previ-
ous reports disagree about these predic-
tors due to the limited analysis of
confounding factors for each candidate
predictor and an insufficient follow-up

rate for incomplete occlusion cases. Additionally, the same mor-
phologic index based on coil embolization was used in these analy-
ses, even though the PED and coil embolization use different
mechanisms to treat aneurysms.11,17

In the present study, we included previously reported factors
as much as possible to assess the possibility of confounding fac-
tors. Additionally, we added the type of saccular aneurysm based
on the location of the neck of the aneurysm against the arterial
curvature as a morphologic factor. This new classification indi-
rectly reflects the MCR, which is the major index of the occlusion
mechanism of PED18-20 and was reported to correlate with com-
plete occlusion.18,19

On the basis of our multivariable regression analysis, in addi-
tion to age (older than 60 years; OR, 5.70; P¼ .001), fusiform
aneurysms (OR, 10.23; P¼ .009), and aneurysms with the branch-
ing artery from the dome (OR, 10.56; P¼ .002), outer convexity–
type saccular aneurysms (versus inner convexity type: OR, 30.3;
P, .001; versus lateral wall type: OR, 9.71; P¼ .001) were inde-
pendently associated with a higher rate of incomplete occlusion at
the last follow-up. Further analysis found an interaction between
outer convexity–type aneurysms and aneurysms with the branch-
ing artery from the dome and that this interaction (OR, 162;
P, .001) was most susceptible to becoming an incomplete occlu-
sion, followed by outer convexity–type aneurysms without the
branching artery from the dome (OR, 16.6; P, .001) and non-
outer convexity–type aneurysms with the branching artery from
the dome (OR, 9.0; P¼ .05).

Our study is based on a single-center consecutive retrospec-
tive cohort. Among patients, 96.7% (89/92) had DSA at 6months
after treatment. The long-term imaging follow-up rate for aneur-
ysms with incomplete occlusion at 6months was 95.3% (41/43),
and the median length of imaging follow-up for patients with

Table 3: Multivariable regression analysis of predictors for
incomplete occlusion at last follow-up overalla

OR 95% CI P Value
Age ($60 years) 5.70 1.99–19.5 .001
Branching artery from dome 10.56 2.36–63.2 .002
Fusiform 10.23 1.77–86.3 .009
Type
OC/IC 30.3 4.96–595 ,.001
OC/LW 9.71 2.45–52.0 .001
LW/IC 3.12 0.31–70.4 .34

Note:—OC indicates outer convexity–type saccular aneurysm; IC, inner convex-
ity–type saccular aneurysm; LW, lateral wall–type saccular aneurysm.
a n¼ 105; complete occlusion, 74; incomplete occlusion, 31. Significant predictors
of incomplete occlusion include age older than 60 years, aneurysms with the
branching artery from the dome, fusiform aneurysm, and outer convexity type.

Table 4: Multivariable regression analysis for incomplete occlusion using outer convexity
type and aneurysms with a branching artery

Parameter OR 95% CI P Value
Outer convexity type (1) and branch (1) 162 21.5–3587 ,.001
Outer convexity type (1) and branch (–) 16.6 4.54–81.2 ,.001
Outer convexity type (–) and branch (1) 9 1–73.2 .05
Outer convexity type (–) and branch (–) 1 – –

Note:—Branch indicates aneurysm with branching artery from dome; –, not applicable..
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incomplete occlusion at 6-month DSA was 27.5months (range,
10–54 months). Each factor affecting our findings is discussed
below.

Predictors of Aneurysm Occlusion
Type of Neck Location Related to Variation in Occlusion Rates.
No previous report has proposed our saccular aneurysm classifica-
tion with regard to the PED. The advantage of this classification is
that it is simple and needs minimal, if any, software or calculations.

According to the mechanisms of aneurysm occlusion by PED
previously reported,18-20,27-29 hemodynamics30-36 and endotheli-
alization29,37-41 are key factors and MCR and porosity are key
indices for successful PED treatment. Our classification based on
the curvature of the parent artery indirectly reflects the MCR and
flow dynamics around the neck of the aneurysm and relates to
the aneurysmal occlusion. MCR and porosity are the major indi-
ces of the occlusion mechanism of the PED and inverses of each
other.18-20,37-39,42 The MCR is the portion of the ostium of the an-
eurysm covered by the metal of the flow diverter.20 In general,
devices with a higher MCR provide a better scaffold for endothe-
lialization.39-41

Two studies18,19 reported that the local metal coverage of the
stent at the aneurysmal neck correlates with the occlusion of the
aneurysm; a 35% metal coverage at the neck predicted .95%
angiographic aneurysm occlusion with a specificity of 100% and
sensitivity of 53.8%. The PED is designed to have an MCR of 30%.
However, the MCR will change with the angle of the PED. Wang
and Yuan18 reported the relationship between the MCR and the
bending angle of the PED, showing that the MCR could range
from 19% to 63%, depending on the angle. Additionally, the MCR
would become lower, and the porosity, higher in the outer convex-
ity compared with their values in the inner concavity of the curva-
ture of the parent artery.20,42-44 On the basis of those previous
studies, we estimated that the local MCR around the neck of the
aneurysm in the outer convexity type is ,30%. We estimated the
MCR to be .35% for the inner convexity type and lateral wall
type, though the MCR tends to be higher for the inner convex-
ity.43,44 Therefore, our new classification of saccular aneurysms
indirectly reflects the MCR around the aneurysmal neck and has
an effect on the occlusion rate.

A neck location with outer convexity is also disadvantageous for
PED treatment from the viewpoint of hemodynamics. From a com-
putational fluid dynamics analysis, successful flow diversion
depends on the following: 1) the flow resistance force of the flow di-
verter to decrease the flow velocity magnitude,30 2) decreased jet
flow into the aneurysm,31 3) the aneurysm neck geometry,31 and 4)
the patient-specific inflow threshold32 and other parameters such as
the inflow rate, aneurysmal velocity reduction, and so forth.33 The
flow velocity is faster at the outer convex side of a curved vessel
than at the inner concave side, and the flow vector is toward the an-
eurysm in the outer convexity type.34,35 Therefore, the flow velocity
magnitude and the jet flow into the aneurysm are higher in the
outer convexity type than in other types of saccular aneurysms.

According to a computational fluid dynamics analysis of flow
diveters,36 the velocity magnitude of the inflow stream of the aneu-
rysm sac and the inflow volume rate increase as the curvature of the
parent artery increases and are higher if the curvature angle is large

after the flow-diverter placement.36 That study provides a theoretic
explanation for why the outer convexity type resists complete occlu-
sion compared with inner convexity and lateral wall types.

An overlapped flow-diverter placement was reported to be
effective in decreasing the inflow volume rate, to overcome the
possibility of incomplete occlusion in the outer convexity type.36

Technical manipulation is also recommended, such as a dynamic
push-pull technique over the aneurysm orifice, which enhances
the intended flow diversion, to compensate for the low MCR
with the outer convexity type.45

Age-Related Variation of Occlusion Rates
Our data also showed that older age was one of the predictor of
incomplete occlusion, consistent with a previous report.10

The mechanism of occlusion in PED-treated aneurysms, as
mentioned above, could account for why older age was a predictor.
The migration of endothelial cells slows with age,46 slowing endo-
thelialization of the PED. Furthermore, atherosclerosis, which is
also more common in older patients, could also contribute because
the irregular shape of the endoluminal surface of the artery could
form a gap between the endoluminal surface of the artery and the
PED, resulting in an endoleak to the aneurysm through the nonen-
dothelialized area.11

Branch-Related Variations in Occlusion Rates
Aneurysms with the branching artery from the dome being a solid
predictor of incomplete occlusion is consistent with several
reports.22-26 The ophthalmic artery, posterior communicating ar-
tery, and anterior choroidal artery were all relevant in our series. In
cases of aneurysms with the branching artery from the dome,
when the branch has blood demand, blood flow through the PED
inhibits endothelialization, resulting in remnant flow to the aneu-
rysm and incomplete occlusion. Notably, this factor was independ-
ent from and had interaction with the type of neck location.

Fusiform or Saccular Variation in Occlusion Rates
Our data also showed that fusiform aneurysms were a signifi-
cant predictor of incomplete occlusion compared with saccular
aneurysms, consistent with previous studies.11,16,25 The reason
could be the occlusion mechanisms of the PED. In the case of
fusiform aneurysms, a wider surface area of the PED is exposed
to the aneurysm without support by the vessel wall compared
with saccular aneurysms. These areas are more likely to be
devoid of endothelialization.47

Predictor of Clinical Outcome
We also assessed predictors of the clinical outcome; however, no
ruptures of aneurysms were observed in the follow-up periods.
These findings indicate that aneurysms treated with the PED are
clinically safe and stable, even with aneurysm remnants, as reported
previously.12

Limitations
The limitations of the study include its retrospective design with
all the inherent biases associated with such a study design.
Although this study is from a single center and thus warranted a
unified treatment procedure, antiplatelet regimen, and follow-up
imaging protocol, the retrospective nature of this study and
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analysis from a single center introduce sampling bias and possibly
limit external validity.

Twelve aneurysms with incomplete occlusion had follow-ups
of,2 years. The possibility for these aneurysms to occlude there-
after could affect the results because complete aneurysmal occlu-
sion is expected to occur up to 2 years post-PED deployment.48

Finally, because some patients had multiple aneurysms, we
performed multiple logistic regression using generalized esti-
mating equations to consider intrapatient correlations.

CONCLUSIONS
In this study, on the basis of high follow-up data, we analyzed the
angiographic and clinical outcomes of unruptured ICA aneurysms
after PED treatment. Clinically, ICA aneurysms were safe without
rupture in the follow-up period, even with aneurysm remnants.
Angiographically, in addition to age, fusiform aneurysms, and aneur-
ysms with the branching artery from the dome, the outer convexity–
type of saccular aneurysm was a predictor of incomplete occlusion.
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