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Purpose: The pipeline embolization device (PED) is a flow diverter that has shown promise in the treat-
ment of intracranial aneurysms. Close to one-fifth of aneurysms, however, fail to occlude after PED
placement. This study aims to identify anatomical features and clinicopathologic factors that may
predispose failed aneurysm occlusion with the PED.

Materials and Methods: We retrospectively reviewed all anterior circulation unruptured saccular
aneurysms treated with the PED in a single-center. The primary outcome measure was angiograph-
ic occlusion. Anatomical features and potential predictors, including gender, aneurysm location,
size, height, aspect ratio, neck width, prior treatment and the number of PED, were studied using
binary logistic regression. 

Results: 29 anterior circulation unruptured saccular aneurysms with a mean size of 6.99 mm treated with
the PED in a single center were retrospectively studied. The overall occlusion rate was 79.3% after a
mean follow-up of 9.2 months. Four aneurysms were related to the fetal-type posterior communi-
cating artery (PComA), and all were refractory to flow diverter treatment. Female gender was sig-
nificantly associated with a higher occlusion rate. We present the anatomical features and propose
possible pathophysiological mechanisms of these PComA aneurysms that failed flow diverter treat-
ment.

Conclusion: A PComA aneurysm with persistent fetal-type circulation appears to be particularly refracto-
ry to flow diverter treatment, especially when the aneurysm incorporates a significant portion of
the PComA. Our experience suggested that flow diverting stents alone may not be the ideal treat-
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The pipeline embolization device (PED) is a flow
diverter that has shown promise in the treatment of
unruptured intracranial aneurysms (IAs) that are not
readily amenable to conventional therapies such as
coiling or clipping. It acts by decreasing inflow to an
IA, thereby causing thrombosis within the aneurysm
sac [1-3]. In a recent systematic review, the PED was
found to achieve an occlusion rate of 83% at 6-months,
with an overall mortality and a peri-procedural compli-
cation rate of 2.2% and 6.3%, respectively [4].
Nonetheless, close to one-fifth of the IAs treated with
the PED would not occlude, and information on predic-
tors of flow diverter failure is lacking. In this study, we
aimed at identifying potential predictors of treatment
outcome on saccular IAs in the anterior circulation,
with a particular focus on the anatomical characteristics
related to flow diverter failures. 

MATERIALS AND METHODS

Patients
This is a retrospective study of consecutive patients

with saccular unruptured IAs in the anterior circulation
that were treated with the PED (Covidien Vascular
Therapies, Mansf ield, MA, USA) from September
2008 to December 2011. Posterior circulation, fusiform
and dissecting IAs were excluded. Of the 29 patients
identif ied, 24 were female. The mean age was 57.2
(range 35-80). 26 of the patients had been included in a
previous study that reported on 178 IAs treated at seven
neurosurgical centers in this locality [5]. This earlier
report, however, did not include risk factor analysis for
treatment failure, which would be the focus of the
present study. 

Endovascular procedure
Patients received oral clopidogrel (75 mg/day) and

aspirin (100 mg/day) for three days before PED
placement. Clopidogrel and aspirin were continued
after surgery for at least three and six months, respec-
tively. PED placement followed the standard guideline
under general anesthesia through a transfemoral route
[3]. Systemic heparinization was used. Adjuvant

coiling and additional PED placement were used at the
discretion of the interventionists when there was signif-
icant persistent contrast-f illing within the aneurysm
sac. Follow-up imaging studies with computerized
tomography angiography (CTA), magnetic resonance
angiography (MRA) or digital subtraction angiogram
(DSA) were performed at 6- and 18-months.
Successful flow diverter treatment was defined as total
exclusion of the aneurysm from the circulation with no
residual neck on angiogram.

Data analysis
The primary outcome measure was angiographic IA

occlusion. Secondary outcome measures included peri-
procedural complications, such as ischemic infarction,
transient ischemic attack (TIA), intracerebral
hemorrhage (ICH) as well as stent migration or
thrombosis. We analyzed the following potential
predictors for treatment failure: gender, IA location,
size (the largest dome diameter), height, aspect ratio
(the ratio of aneurysm height to neck width) [6], wide-
neck lesions (defined as neck width > 4 mm), prior
endovascular treatment, and the number of PED used.
These variables were studied using binary logistic
regression against IA occlusion with SPSS software
(version 20, IBM, New York, USA). A p-value of less
than 0.05 was considered statistically significant. 

RESULTS

Aneurysm characteristics
There were 29 patients with 29 IAs. Table 1 shows

their characteristics. There were 23 small and six large
IAs, with a mean size of 6.99 mm (range: 2.1 to 22
mm). Wide-neck IAs accounted for 48.2% (n=14), and
55.1% (n=16) of the IAs had an aspect ratio of less than
1.5. Four IAs arose from the fetal-type posterior
communicating artery (PComA) origin, three from
other segments of the supraclinoid internal carotid
artery (ICA), five from the cavernous ICA and 17 from
the paraclinoid ICA. One IA had previous stent-
assisted coiling, while three others received previous
coiling only. 
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ment for this subgroup of aneurysms, and alternative modalities should be considered. Female
patients were found to have a significantly higher rate of treatment success. 
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tion device



PED treatment outcomes
The PED was successfully deployed in all cases. Out

of 29 aneurysms, six did not occlude, yielding an
overall occlusion rate of 79.3% (n=23). These included
all four IAs that were arising at the PComA origin with
persistent fetal-type circulations. Curve reformation
angiography showed that the residual aneurysm necks
in these lesions were all incorporating a portion of the
fetal-type PComA after PED placement. Representative
cases and anatomical features were illustrated in the
following section.

Nineteen IAs received one PED, and the remaining
10 received two devices each. Two IAs required
adjuvant coiling. The mean follow-up duration was 270
days (range: 150 to 800). Lower occlusion rates were
found with wide-neck lesions (64.2%), IAs with aspect
ratios of 1.5 (75.0%), and those with prior treatment
(50%), but these did not reach statistical significance.
Only gender was found to have a significant correla-
tion, female patients had a higher occlusion rate
compared to men (87.5% vs. 40%, p = 0.033) (Table
2). There was no mortality. The overall symptomatic
complication rate was 10.3% (n = 3), including two
TIAs. One patient suffered from left frontal parenchy-

mal hemorrhage one day after operation, secondary to
rupture of an underlying arterio-venous malformation,
which was an incidental finding. Craniotomy and clot
evacuation were performed, and he subsequently
recovered to functional independence (modif ied
Rankin Scale 2).

Illustrative cases

Patient 1
A 60-year-old woman had a 7.6 mm wide-neck right

PComA IA. It received feeding from both the ICA and
the fetal-type PComA (Fig. 1A). One PED was placed
initially, but the aneurysm received persistent inflow
from the fetal-type PComA. A second PED was placed
15 months later. Follow-up angiography showed a
persistent aneurysm despite flow diverters at 18 months
after the second PED (Fig. 1B).

Patient 2
A 73-year-old man had a 4.4 mm right PComA lesion
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Table 1. Clinicopathologic Features and Outcome of the 29
Aneurysms Treated with the Pipeline Embolization Device

Size (mm) Mean: 6.99  Range: 2.1 - 22

Size by group

Small (< 10 mm) 23

Large (10-25 mm) 6

Neck width

4 mm 16

> 4 mm 13

Aspect ratio

1.5 16

> 1.5 13

Prior treatment

None 25

Stenting + coiling 1

Coiling 3

Number of PED used

One 19

Two 10

Use of adjuvant coiling 2

Table 2. Binary Logistic Regression Analysis of Potential
Predictors for Failed Aneurysm Occlusion

Factors Subgroups Occluded / Occlusion P-value
Total no. IA rate

Gender Men 2/5 40% 0.033

Women 21/24 87.5%

IA location PComA 0/4 0% 0.999

Cavernous ICA 4/5 80%

Paraclinoid ICA 17/17 100%

Supraclinoid ICA+ 2/3 66.7%

Size* Small 19/23 82.6% 0.145

Large 4/6 66.7%

Aspect ratio 1.5 12/16 75.0% 0.528

> 1.5 11/13 84.6%

Neck width 4 mm 14/15 93.3% 0.081

> 4 mm 9/14 64.2%

Prior treatment None 21/25 84% 0.145

Prior treatment 2/4 50%

No. of PED used One 17/19 89.5% 0.079

Two 6/10 60%

*Size: small (<10 mm), large (10-25 mm).
+ Other than PComA lesions.
IA, Intracranial aneurysm; PComA, posterior communicating
artery; ICA, internal carotid artery



that reconstituted after initial coil embolization. CTA
and DSA again showed the presence of persistent fetal-
type circulation, and the IA was fed by both the ICA
and the PComA (Fig. 2A, B). Two PEDs were placed.
MRA performed 12 and 24 months later showed a
static residual aneurysm neck.

Patient 3
A 68-year-old man had an 11 mm left PComA lesion

supplied from both the ICA and the fetal-type PComA

(Fig. 3A, B). There was reconstitution despite three
sessions of coil embolization, the last being stent-
assisted. One PED was placed across the aneurysm in
2011. Follow-up DSA six months afterwards showed
residual filling of the aneurysm. (Fig. 3C) 

DISCUSSION

The PED was approved by the United States Food
and Drug Administration (FDA) in 2011 for the
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A B
Fig. 2. Patient 2. (A) Pre-treatment computer tomography angiography showing the right posterior communicating artery (PComA)
aneurysm remnant (long arrow), which was previously treated with four GDC coils, and the atrophic right P1 segment (arrowhead)
associated with fetal-type; (B) control DSA showing persistent supply to the aneurysm despite coverage with PED (black arrow). 

A B
Fig. 1. Patient 1. (A) Pre-treatment digital subtraction angiography showing the fetal-type posterior communicating artery circulation (long
arrow) and aneurysm (arrow); (B) curve reformation of the post-treatment CTA showed that the right PComA IA was receiving persistent
supply from the fetal PComA (arrow). 



treatment of a selected group of anterior circulation
IAs. A multi-center study involving 178 IAs treated in
our locality reported occlusion rates of 81% at 12
months, and 84% at 18 months [5]. These results were
consistent with other reports in the literature [4, 7-9].
Currently, only a limited number of studies have
investigated predisposing factors for incomplete
occlusion after PED placement. O’Kelly et al analyzed
97 unruptured IAs and performed multivariate analysis
for predictors. The female gender (OR = 0.52, p =
0.03) and prior treatment (OR = 0.36, p = 0.002) were
associated with lower success rates [9]. In McAuliffe’s
series of 57 IAs, those with prior treatments also had a
lower occlusion rate at 6 months. Those without prior
treatment attained an occlusion rate of 92.5%,
compared with 80% in those previously treated with
coiling or clipping, and 50% in those with previous

stenting or stent-assisted coiling [7]. The authors
postulated that the presence of a prior stent may
compromise the apposition of the PED to the arterial
wall, thus creating endoleak and persistent filling of the
aneurysm. We found a similar trend, though it did not
reach statistical significance possibly due to the small
number of patients with prior treatments in our cohort.

Notably, we found that fetal-type PComA IAs were
associated with a particularly poor occlusion rate in our
series. All of our PComA IA had fetal type circulation,
and none achieved occlusion. PComA IAs are the
second most common aneurysms overall, accounting
for 25% of all IAs and 50% of all ICA IAs [10]. The
most common type is the one in which the neck of the
IA originates from the ICA and partially incorporates
the PComA. Rarely, the neck of the IA may originate
solely from the PComA [10]. A PComA with persistent
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Fig. 3. Patient 3. (A) Pre-treatment magnetic resonance angiogra-
phy showing the left-sided aneurysm (long arrow), and the atrophic
right P1 segment (arrow head) associated with fetal-type circula-
tion; (B) pre-treatment digital subtraction angiography showing that
the aneurysm received supply from both the internal carotid artery
and the fetal posterior communicating artery; (C) digital subtraction
angiography performed six months after the placement of one
pipeline device showing persistent contrast filling of the slightly
enlarged aneurysm with evidence of coil compaction. 



fetal pattern has the same caliber as the P2 segment of
the posterior cerebral artery (PCA), and is associated
with an atrophic P1 segment. Their incidence rates
range from 4 to 29% for unilateral, and 1 to 9% for
bilateral fetal PComA [10]. It was admittedly unusual
that all of our PComA lesions exhibited this anatomical
variation. This was not due to case selection bias, as we
did not treat any other unruptured PComA lesions by
other means during the study period.

PComA IAs are potentially difficult lesions to treat.
In the International Subarachnoid Hemorrhage Trial
(ISAT), PComA IAs treated endovascularly had a
significantly higher recurrence rate [11]. On reviewing
the outcome of coil-embolized PComAs, Songsaeng et
al found five morphological factors that were predictive
of initial aneurysm occlusion and long-term stability.
They were small IA size, dome-to-neck ratio < 2, small
size of the PComA, ICA-fundus angle of 160 to 180
degrees, and posteroinferior dome orientation.
Persistent fetal pattern was not studied as an individual
factor [12]. For surgical clipping, lesions associated
with fetal-type circulation may pose difficulties, in that
backflow from a large PComA may persistently fill the
IA even after a temporary clip was in place [10]. It is
critical but not always possible to preserve adequate
flow in these large PComAs during clipping. Zada et al
described a patient who underwent clipping of an IA
with fetal variant. The fetal-type PComA was
sacrificed resulting in an occipital infarction [13].

In the context of treatment with the PED, all four of
our fetal-type PComA IAs persisted and accounted for
two-thirds of all failures. We surmised that while a
PED placed within the ICA would protect the IA from
ICA inflow, the dominant and large caliber fetal
PComA will continuously sump blood from the ICA
across the stent, resulting in diminished flow-diverting
effect and therefore persistent aneurysm flow.
Backflow from the PCA territory through the fetal-type
PComA may also contribute to persistent aneurysm
perfusion. On the other hand, in the presence of fetal
PComA, increasing flow diversion by using multiple
PED across the PComA ostium may jeopardize the
perfusion to the PCA territory and may lead to
ischemic complications. Therefore, based on our
limited experiences, we do not find the PED a suitable
treatment for PComA IAs with persistent fetal-type
circulation, especially when an IA incorporates a
significant portion of the PComA. Adjuvant coiling
may help but can be technically difficult for a wide-
neck lesion located at bifurcations. 

This study had several limitations. Our sample size

was small which may have affected our statistical
power. The use of multiple PEDs and adjuvant coiling
in our treatment was not protocol-driven. Lastly, our
follow-up period was relatively short.

CONCLUSION

Aneurysms located at persistent fetal-type PComA
remain a therapeutic challenge. Incomplete occlusion
was observed in all cases of PComA IAs associated
with persistent fetal-type circulation treated with flow
diverters. Our experience suggested that alternative or
adjuvant modalities should be considered for this
subgroup. Female patients were found to have a signifi-
cantly higher rate of treatment success. 
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