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ABSTRACT
BACKGROUND AND PURPOSE: The angiographic collar sign has been recently described in patients with incompletely occluded
aneurysms after Pipeline Embolization Device implantation. The long-term implications of this sign are unknown. We report angiographic outcomes of patients with the collar sign with follow-up of up to 45 months and the implications of this angiographic
ﬁnding.
MATERIALS AND METHODS: We performed a retrospective review of a prospectively maintained data base of patients who underwent Pipeline Embolization Device implantation for an intracranial aneurysm at our institution between January 2014 and December
2016. We included patients with a collar sign at the initial follow-up angiogram after Pipeline Embolization Device implantation.
RESULTS: A total of 198 patients with 285 aneurysms were screened for the collar sign on initial and subsequent follow-up angiograms. There were 226 aneurysms (79.3%) with complete occlusion at the ﬁrst follow-up. Of 59 incompletely occluded aneurysms,
19 (32.2%) aneurysms in 17 patients were found to have a collar sign on the ﬁrst angiographic follow-up (median, 6 months; range,
4.2–7.2). Ten (52.6%) aneurysms underwent retreatment with a second Pipeline Embolization Device, which resulted in aneurysm
occlusion in 1 (10%) patient. There were only 3 (15.8%) aneurysms with complete occlusion at the last follow-up, 2 (10.5%) of which
had a single Pipeline Embolization Device implantation and another single (5.3%) aneurysm with a second Pipeline Embolization
Device implantation.
CONCLUSIONS: A collar sign on the initial angiogram after Pipeline Embolization Device placement is a predictor of poor aneurysm
occlusion. Because the occlusion rates remain equally low regardless of retreatment in patients with a collar sign, radiologic followup may be more appropriate than retreatment.
ABBREVIATIONS: PED ¼ Pipeline Embolization Device; ICAB ¼ internal carotid artery bifurcation; PO ¼ paraophthalmic; PCOMM ¼ posterior communicating artery

W

e previously reported a series of incompletely occluded
aneurysms after Pipeline Embolization Device (PED;
Covidien, Irvine, California) implantation with an angiographic “collar sign,” an unopacified white line between the
parent vessel and the aneurysm dome on follow-up angiography.1 This finding was perceived to be indicative of near-yetincomplete endothelialization of the PED. The long-term
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implications of this finding are currently unknown. Here, we
report the angiographic outcomes of patients with the collar
sign with a follow-up of up to 45 months and the implications
of this angiographic finding.

MATERIALS AND METHODS
After obtaining Institutional Review Board approval, we performed a retrospective review of a prospectively maintained data
base of patients who underwent PED implantation for an intracranial aneurysm at Beth Israel Deaconess Medical Center
between January 2014 and December 2016. We included patients
with a collar sign at the initial follow-up angiogram after PED implantation. These radiographic images were obtained using the
standard anteroposterior, lateral, and oblique digital subtraction
angiography projections and were interpreted by 2 independent
physicians with neuroendovascular training. Patients considered
ineligible for this study were those without a collar sign on the

first follow-up angiogram or without long-term follow-up of at
least 1 year.

RESULTS
A total of 198 patients with 285 aneurysms treated with a PED
between 2014 and 2016 were screened for the collar sign on initial
and subsequent follow-up angiograms. There were 226 aneurysms (79.3%) with complete occlusion at the first follow-up. Of
59 incompletely occluded aneurysms, 19 (32.2%) aneurysms in
17 patients were found to have a collar sign on the first angiographic follow-up (median, 6 months; range, 4.2–7.2). Two
patients had 2 separate aneurysms with a collar sign. Fifteen
(78.9%) aneurysms were paraophthalmic internal carotid artery
aneurysms. Other locations included the middle cerebral artery
(10.5%), internal carotid artery bifurcation (5.3%), and posterior
communicating artery (5.3%). There were 14 (73.7%) aneurysms
with branch vessels arising from the aneurysm dome. The median angiographic follow-up was 32.9 months (range, 11.9–45.2
months). Ten (52.6%) aneurysms underwent retreatment with
a second PED device, which resulted in aneurysm occlusion in
1 (10%) aneurysm. The median time to retreatment was 15.8
months (range, 6.8–33.4 months). In terms of aneurysmal
occlusion, there were 3 (15.8%) aneurysms with complete
occlusion at last follow-up, 2 (10.5%) of which had a single
PED implantation (time to occlusion, 11.9 and 42.2 months,
respectively) and another single (5.3%) aneurysm with a second PED implantation (time to occlusion, 12.1 months from
the second PED implantation).
Among the 16 (84.2%) aneurysms that did not occlude, a single (5.3%) aneurysm with intraluminal thrombus enlarged (aneurysm 15), two (10.5%) aneurysms did not change in size, and 13
(68.4%) decreased in size compared with the initial angiogram.
Satisfactory wall apposition as demonstrated on fluoroscopy was
achieved in all cases. There were no procedural complications or
neurologic long-term sequelae. A full summary of patient characteristics and follow-up results, categorized in 4 groups based on
occlusion status and retreatment, is shown in the On-line Table.
A representative set of images from each of the 4 groups is shown
in the Figure.

DISCUSSION
We report the angiographic outcomes of incompletely
occluded intracranial aneurysms with a collar sign following
PED implantation for up to 45 months. We observed a collar
sign in 32.2% of incompletely occluded aneurysms at first follow-up. Of 19 aneurysms with a collar sign, complete occlusion was achieved in only 3 (15.8%) aneurysms, including 2
aneurysms that spontaneously occluded after initial treatment and 1 aneurysm that occluded after retreatment with a
second PED. However, we observed an incomplete occlusion
with a persistent collar sign in 16 (84.2%) aneurysms, even after a second or third PED implantation. Aneurysm enlargement was observed in a single large thrombosed aneurysm.
More than two-thirds of incompletely occluded aneurysms
decreased in size, and none ruptured during follow-up.

Endothelialization of the Pipeline Flow Diverter
As described in preclinical studies, endothelialization along
the stent strut of the PED has been identified as the key
underlying mechanism of aneurysmal exclusion from the intracranial circulation and subsequent aneurysm occlusion.2-6
Likewise, this mechanism of endothelialization along the
PED strut has been confirmed in humans.1,7 Initially, the collar sign was thought to be indicative of future aneurysmal
occlusion following PED implantation. Nonetheless, our
results demonstrate that this sign is likely a sign of persistent
aneurysmal flow even at long-term follow-up, regardless of
any additional PED implantation.
Although the underlying mechanism is still unknown, we
found branch arteries originating from the aneurysm dome in 14
of 19 cases (73.7%). On the basis of this finding, we hypothesized
that an aspiration effect led by a pressure gradient between the
parent arteries and branches is the likely cause of inhibition of
complete endothelialization along the PED strut and subsequent
persistence of flow into the branches through the aneurysm. Two
of 3 aneurysms with complete occlusion did not have a branch
arising from the aneurysm at the initial follow-up angiogram,
which further supports this hypothesis. Furthermore, patient 1
had an ophthalmic artery that arose from the aneurysm dome,
which had been opacified at the first follow-up angiogram.
Subsequently, both the aneurysm and the ophthalmic artery were
found to be occluded on the final follow-up angiogram without
any visual sequelae, suggesting collateral compensation to the distal segment of the ophthalmic artery and depletion of aspiration
effect. Therefore, the collar sign is likely an indication of partial
endothelialization, seen more commonly in aneurysms with a
branch arising from the dome, which demands persistent blood
supply and subsequently inhibits complete endothelialization
required to cover the aneurysm neck. A negative correlation
between aneurysm occlusion and branch vessels arising from the
aneurysm neck or dome following PED implantation in patients
with paraophthalmic artery aneurysms has been reported.8
On the other hand, the collar sign was observed in a thrombosed aneurysm without an associated branch vessel (aneurysm
15). In the case of thrombosed aneurysms, reports have described
a heterogeneous thrombosis status, in which both thrombotic
and thrombolytic processes take place inside the aneurysm.
These result from a cycle of repeat adventitial inflammation, capillary proliferation, and bleeding within the aneurysmal wall in
such thrombosed aneurysms.9,10 Therefore, endothelialization
along the aneurysm neck is less likely to occur following PED
implantation.

Management Strategies for Incompletely Occluded
Aneurysms with the Collar Sign
In the present study, complete occlusion was achieved in only 3
aneurysms (15.8%) with the collar sign. Aneurysm enlargement
was observed in only 1 patient with a thrombosed aneurysm as
mentioned previously. In contrast, most of the aneurysms with a
collar sign were stable or even decreased in size (10.5% and
68.4%, respectively), suggesting a stabilizing effect of the PEDs on
the aneurysm. Furthermore, because the rates of complete occlusion of the aneurysm were very low regardless of the number of
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FIGURE. Digital subtraction angiograms showing the collar sign in incompletely occluded aneurysms after Pipeline embolization. Each
row represents 1 aneurysm from each group corresponding to the On-line Table. The ﬁrst column (far-left) shows the aneurysm
before Pipeline embolization. The second column shows the residual aneurysm with the collar sign (white arrowheads) after
Pipeline placement at initial follow-up. Further columns (3–5) are based on the patient group (eg, spontaneous occlusion during follow-up, residual ﬁlling and collar sign at last follow-up without intervention, occlusion during follow-up after a 2nd PED, and residual
ﬁlling and collar sign at last follow-up after a 2nd PED). Aneurysm 1 for row 1: baseline, ﬁrst follow-up, and last angiographic followup are shown. Aneurysm 4 for row 2: baseline, ﬁrst follow-up, and last angiographic follow-up are shown. Aneurysm 10 for row 3:
baseline, ﬁrst follow-up, before the second PED, and last angiographic follow-up are shown. Aneurysm 13 for row 4: baseline, ﬁrst follow-up, before the second PED, before the third PED, and last angiographic follow-up are shown. M indicates month; Y, year; FU, follow-up.

PED treatments, retreatment with adjunctive PED implantation
is unlikely to be effective in aneurysms with a collar sign. Under
these circumstances, radiologic follow-up may be more appropriate than retreatment. Thus, patients are not committed to the risk
of an additional procedure in the absence of the expected benefit
of aneurysm occlusion.

CONCLUSIONS
The collar sign is indicative of incomplete endothelialization and
persistent aneurysmal flow even during medium-to-long-term follow-up periods. A collar sign on the initial angiogram after PED
placement is therefore a predictor of poor aneurysm occlusion.
Because the occlusion rates remain equally low regardless of
retreatment in patients with a collar sign, radiologic follow-up may
be more appropriate than retreatment. Thus, patients are not
exposed to the risk of an additional procedure in the absence of the
expected benefit of aneurysm occlusion. This study provides some
484
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additional evidence that aneurysms with branches arising from the
dome may not be suitable for flow diversion.
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