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ABSTRACT

Purpose The Pipeline Embolization Device (PED) is

a routine first-line treatment option for intracranial
aneurysms (IAs). The Pipeline Flex Embolization Device
with Shield Technology (Pipeline Shield) is an updated
version of the PED which has been modified to include
a surface phosphorylcholine biocompatible polymer. Its
early technical success and safety have been reported
previously. Here, we assessed the long-term safety and
efficacy of the Pipeline Shield for the treatment of IAs.
Materials and methods The Pipeline Flex
Embolization Device with Shield Technology (PFLEX)
study was a prospective, single-arm, multicenter study
for the treatment of unruptured IAs using the Pipeline
Shield. The primary endpoint was a major stroke in the
territory supplied by the treated artery or neurologic
death at 1-year post-procedure. Angiographic outcomes
were also assessed by an independent radiology
laboratory at 6 months and 1 year.

Results Fifty patients (mean age, 53 years; 82%
female) with 50 unruptured IAs were treated. Mean
aneurysm diameter was 8.82+6.15mm. Of the target
aneurysms, 38/50 (76%) were small (<10mm), 11/50
(22%) were large (=10and<25mm), and 1/50 (2%) was
giant (=25mm). Forty-seven (94%) were located in the
internal carotid artery and three (6%) in the vertebral
artery. At 1-year post-procedure, no major strokes or
neurologic deaths were reported, and complete occlusion
was achieved in 27/33 (81.8%). There were no instances
of aneurysm recurrence or retreatment.

Conclusions Our 1-year follow-up concerning
angiographic and safety outcomes corroborate previous
evidence that the Pipeline Shield is a safe and effective
treatment for |As.

Trial registration number NCT02390037

INTRODUCTION

The use of flow diverters has provided a novel,
safe, and effective method for treating intracranial
aneurysms (IAs). The Pipeline Embolization Device
(PED; Medtronic Neurovascular, Irvine, CA, USA),
the first neuroendovascular device used for flow

PED have been proven repeatedly.” * The second
generation of the PED, the Pipeline Flex Embo-
lization Device (Pipeline Flex), incorporates a
re-sheathing mechanism to allow repositioning and
redeployment of the implant.*

The latest iteration of the PED, the Pipeline Flex
Embolization Device with Shield Technology (Pipe-
line Shield), has the same design and configuration
as the Pipeline Flex, but holds a surface modifi-
cation where a synthetic phosphorylcholine (PC)
biocompatible polymer is covalently bonded to the
strands that make up the Pipeline braid® with the
aim of reducing thrombogenicity. The PC has been
used since 2003 to increase the biocompatibility
of vascular stents and has been shown to reduce
protein adsorption-thrombin generation.® "In-vitro
studies have found the Pipeline Shield to be less
thrombogenic than other flow diverters.®

We previously reported the periprocedural
outcomes and early safety results of using the Pipe-
line Shield to treat unruptured TAs.” We found that
the Pipeline Shield demonstrated high technical
success with no major short-term complications
within 30 days of the procedure.” We now report
on the long-term safety and efficacy of treatment
with Pipeline Shield at 1-year follow-up in the
PFLEX study.

MATERIALS AND METHODS

Study design and participants

The PFLEX study was a prospective, single-arm,
multicenter study for the treatment of unruptured
IAs using Pipeline Shield. From March to October
2015, 50 patients with a total of 50 unruptured
target aneurysms, treated at seven experienced
neurovascular centers in six European countries,
were enrolled in the PFLEX study. Complete enroll-
ment, inclusion, and exclusion criteria were previ-
ously described.” In brief, patients aged 1880 years
with unruptured IAs in the internal carotid artery
or vertebral artery segment, up to and including the
posterior inferior cerebellar artery, were included.
Patients that had a subarachnoid hemorrhage,
recent surgery, vessel tortuosity, stenosis, or any
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Table 1 Anti-platelet regimen at 30 days and 1-year post-procedure
30-day follow-up n/N (%)
Patients prescribed any anti-platelet therapy >30-days post- 50/50 (100)
procedure
Patients prescribed dual anti-platelet therapy (DAPT) >30-days 50/50 (100)
post-procedure
Aspirin 100mg-+clopidogrel 150 mg 2/50 (4)
Aspirin 100mg-+clopidogrel 75mg 28/50 (56)
Aspirin 100mg-+prasugrel 10 mg 2/50 (4)
Aspirin 200mg-+clopidogrel 75mg 2/50 (4)
Aspirin 325mg-+clopidogrel 75mg 1/50 (2)
Aspirin 325mg-+prasugrel 5mg 1/50 (2)
Aspirin 75mg-+clopidogrel 75 mg 10/50 (20)
Aspirin 80mg-+clopidogrel 75mg 4/50 (8)
Patients prescribed single anti-platelet therapy =30-days post- 0/50 (0)
procedure
1-year follow-Up n/N (%)
Patients prescribed any anti-platelet therapy at 1-year post- 44/50 (88.00)
procedure
Patients prescribed dual anti-platelet therapy (DAPT) at 1-year 9/44 (20.45)
post-procedure
Aspirin 100mg-+clopidogrel 75mg 6/44 (13.64)
Aspirin 75mg-+clopidogrel 75 mg 1144 (2.27)
Aspirin 80mg-+clopidogrel 75mg 2/44 (4.55)
Patients prescribed single anti-platelet therapy at 1-year post- 35/44 (79.55)
procedure
Aspirin 100 mg 21/44 (47.73)
Aspirin 200 mg 1/44 (2.27)
Aspirin 300 mg 1/44 (2.27)
Aspirin 325mg 1/44 (2.27)
Aspirin 75mg 8/44 (18.18)
Aspirin 80mg 1/44 (2.27)
Clopidogrel 75mg 2/44 (4.55)

other Pipeline Shield contraindication were excluded from the
study.

Treatment description

Peri-procedural data were previously described.” Antiplatelet
therapy was administered per the local institution’s protocol.
Prior to the procedure, 46/50 (92%) patients received dual
antiplatelet therapy (DAPT - aspirin +clopidogrel/prasugrel)
and 4/50 (8%) patients received clopidogrel alone. In most
cases, Pipeline Shield was deployed through a microcatheter
(Marksman or Echelon, ev3, Irvine, CA; Excelsior, Stryker,
Fremont, CA; Headway, MicroVention, Tustin, CA; or Reverse
Microcatheter, Reverse, Irvine, CA) using a triaxial guide cath-
eter system. 50/50 (100%) patients were prescribed DAPT
between =1-month and <1-year post-procedure. See table 1 for
a complete description of the anti-aggregation regimen.

Follow-up assessments

Patients had a follow-up office visit or telephone call at 30 days,
6 months, and 1year after Pipeline Shield placement. Angio-
graphic assessments were performed at 6 months and/or 1year
after Pipeline Shield placement per institutional standard of care
and were analyzed by an independent core radiology laboratory.

Study endpoints

The primary study endpoint was the occurrence of a major stroke
in the territory supplied by the treated artery or neurologic death
within 1year of the procedure. The secondary endpoint was the
rate of Pipeline Flex Embolization Device with Shield Technolo-
gy-related neurologic adverse events within 1year of the proce-
dure. Investigators were required to report all serious adverse
events, adverse events with an underlying neurologic cause, and
events deemed related to the study device or procedure. Safety
incidence rates or proportions for neurologic adverse events
were calculated based on the number of participants who under-
went the study procedure and in whom an attempt to implant
the study device was made.

For the purpose of this study protocol, stroke was defined
as a focal neurological deficit of presumed vascular origin
persisting >24 hours from symptom onset and a neuro-imaging
study or other quantitative study that did not indicate an alterna-
tive etiology. The 24 hours criterion was excluded if the patient
underwent cerebrovascular surgery or died during the first
24 hours following symptom onset. Stroke severity was graded
by the investigator as major or minor. Major stroke was defined
as a stroke that was persistent after 7 days and associated with an
increase of =4 points on the National Institutes of Health Stroke
Scale (NIHSS) score. Minor stroke was defined as a stroke that
resolved completely within 7 days or increased the NIHSS score
of the patient by <3 points. An independent Clinical Events
Committee (CEC) adjudicated all reportable adverse events that
occurred within 1year after the procedure period.

The independent core radiology laboratory assessed aneurysm
occlusion, parentartery stenosis, and device migration at 6 months
and 1year after the implant procedure. Aneurysm occlusion was
classified using the Raymond—Roy Scale: class [=complete occlu-
sion; class II=residualneck; and class Ill=residualaneurysm.'”
Parent artery stenosis was assessed by classifying into four cate-
gories: 0%-25%, >25%-50%, >50%-75%, and>75% stenosis.

Statistical analysis

As previously described, data from the PFLEX study were
analyzed based on the intention-to-treat population.” Discrete
variables were summarized using the frequency and percentage.
Continuous variables were summarized using the number
of observations and the mean, SD, median, minimum, and
maximum values as appropriate. All statistical analyses were
performed using SAS (version 9.2 or higher; SAS Institute, Cary,
NCQ).

RESULTS
Fifty patients with 50 unruptured target IAs were treated.
Forty-nine (98%) were saccular and one (2.0%) was fusiform.
The mean patient age was 53.0%=13.01 years, and 41 (82%)
patients were female. The mean target aneurysm diameter was
8.82+6.15mm. Of the target aneurysms, 38/50 (76.0%) were
small (<10mm), 11/50 (22.0%) were large (=10and <25 mm),
and 1/50 (2.0%) was giant (=25 mm) in size. Forty-seven (94%)
aneurysms were located in the internal carotid artery (ICA), and
three (6%) were located in the vertebral artery. Device deploy-
ment was successful in all patients. The total number of Pipeline
Shields utilized was 56, with a mean of 1.12+0.39 per aneurysm
participant. Of these, 3/56 (5.4%) did not fully deploy and were
therefore not implanted.

No major strokes or neurologic deaths were reported at
1year after the procedure (table 2). There were a total of seven
device-related neurologic adverse events reported: six cases of
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Table 2  Primary and secondary safety outcomes at 1-year post-
procedure

Endpoint Event rate n/N (%) (95% Cl)

0/50 (0%) (0%, 5.8%)

Major stroke in the territory supplied by the
treated artery or neurological death

Major stroke in the territory supplied by the 0/50 (0%) (0%, 5.8%)

treated artery
0/50 (0%) (0%, 5.8%)
7/50 (14.0%) (5.8%, 26.7%)

Neurological death

Pipeline Flex embolization device with shield
technology-related neurologic adverse event
rate

in-stent stenosis which were non-serious adverse events; and one
case of ICA thrombosis which was a serious adverse event. The
ICA thrombosis was identified during diagnostic angiography
for a second aneurysm at 63 days after Pipeline Shield implanta-
tion. The patient was noted to have a left ICA thrombosis with
excellent collateral formation. The parent artery was patent
distal to the Pipeline Shield Device, which was located superior
to the posterior communicating artery. The thrombosis appeared
to have initiated at the parent artery and then extended into the
device. The antiplatelet assay showed suboptimal platelet inhi-
bition. As the patient was asymptomatic and had no neurolog-
ical deficits, no intervention was undertaken, and further dual
antiplatelet therapy was prescribed (100 mg aspirin and 75 mg
clopidogrel daily). In addition, three procedure-related serious
adverse events (headache, diplopia, and retroperitoneal hema-
toma) and six procedure-related non-serious adverse events
(carotid artery dissection, access site hematoma, cerebral infarc-
tion, headache, and two events of nausea) were reported.
Complete aneurysm occlusion was achieved in 29/38 (76.3%)
and 27/33 (81.8%) target aneurysms at 6-months and 1-year
follow-up, respectively (table 3). There were no instances of
target aneurysm recurrence or retreatment (0/50, 0%) reported
through 1-year follow-up. A summary of parent artery stenosis

Table 3  Aneurysm occlusion and parent artery stenosis at 6-months
and 1-year post-procedure

6 months n/N (%)

Aneurysm occlusion 1year n/N (%)

Target aneurysm

Complete occlusion 29/38 (76.3) 27/33 (81.8)
Residual neck 5/38 (13.2) 2/33 (6.1)
Residual aneurysm 4/38 (10.5) 4/33 (12.1)
Cannot determine™ 1 1

All aneurysms
Complete occlusion 31/40 (77.5) 27/33 (81.8)
Residual neck 5/40 (12.5) 2/33 (6.1)
Residual aneurysm 4/40 (10.0) 4/33 (12.1)
Cannot determine™ 1 1

Parent artery stenosis
0%—-25% 29/36 (80.6) 28/32 (87.5)
>25%-50% 5/36 (13.9) 3/32 (9.4)
>50%-75% 1/36 (2.8) 0
>75% 1/36 (2.8) 1/32 (3.1)
Cannot determine* 3 2

*Imaging was performed as per standard of care in 39 patients at 6 months, and in
34 patients at 1year. Occlusion rate was indeterminate in one patient of 50.

at follow-up is presented in table 3. There was only one case
of >75% parent artery stenosis at both 6-months and 1-year
follow-up. This case was adjudicated by the CEC as an internal
carotid artery thrombosis as previously discussed, and described
by the core laboratory to possibly be related to a dissection in the
cervical ICA leading to thrombosis throughout the entire carotid,
including the stent. All other parent artery stenosis cases were
determined to be in-stent stenosis due to intimal hyperplasia.

DISCUSSION

The PFLEX study is the first multicenter clinical study describing
the use of the Pipeline Shield. We previously reported peri-pro-
cedural outcomes and early safety results at 30-day follow-up
from the study with no major strokes or neurological death.’
Based on 1-year follow-up results, the safety of Pipeline Shield
has been corroborated for long-term outcomes, with the same
rate of primary-end point events previously reported at 30-days
post-procedure and with no cases of major stroke or neuro-
logical death occurring during this period. The Pipeline Shield
was designed on the theoretical basis of a more biocompatible
implant to mitigate against thrombogenic events. Some in vitro
studies have demonstrated promising results, showing reduced
thrombogenicity.” ® '' The lack of major thromboembolic events
in the PFLEX study may support earlier in-vitro evidence of
Pipeline Shield’s low thrombogenicity.

The long-term safety outcomes of this study are compa-
rable to those reported utilizing earlier generations of the PED.
The IntrePED Study, the largest clinical study of PED to date,
reported major morbidity or mortality in 50/793 (6.3%) of
patients at 30-days post-treatment. The ischemic stroke rate was
4.7%, with 70% of strokes occurring within 30 days.'"*'* The
Intracranial Treatment of Aneurysms Trial (PITA) reported that
2/31 (6.5%) patients had a major stroke or neurological compli-
cation at 6-months post-treatment.’* The PED for Uncoilable
or Failed Aneurysms (PUFS) multicenter clinical trial reported
major stroke or neurological death in 6/107 (5.6%) of patients
at 180 days.” The Aneurysm Study of Pipeline in an Observa-
tional Registry (ASPIRe) study reported a combined neurolog-
ical morbidity/mortality rate of 6.8% (13/191 patients). Ischemic
stroke rate was 4.7%, with all major strokes occurring within 30
days of treatment.”

Follow-up angiography in the PFLEX study showed high rates
of aneurysm occlusion and low rates of in-stent stenosis at 1-year
post-procedure. There were no reports of target aneurysm recur-
rence or retreatment after complete occlusion of the aneurysms.
These findings are consistent with the PITA study of first-gener-
ation PED devices, which reported complete aneurysm occlusion
in 28/30 (93.3%) of patients at 6-month follow-up'* and would
suggest that the PC surface modification does not adversely affect
either porosity or neointimal growth. In comparison, the ASPIRe
study reported complete occlusion in 33/42 (78.6%) of patients
at 6 months, with 11 (5.8%) patients requiring retreatment.” The
5-year follow-up of the PUFS study reported complete occlusion
in 79/91 (86.8%) at 1year, 71/76 (93.4%) at 3 years, and 60/63
(95.2%) at 5 years post-treatment, and 6/106 (5.7%) of aneu-
rysms required retreatment. '’

Flow diverters induce a neo-endothelial reaction along the
aneurysm neck, which has been associated with aneurysm occlu-
sion and in some cases in-stent stenosis. In-stent stenosis of
flow diverters is frequently under-diagnosed, usually having an
asymptomatic and reversible evolution. Chalouhi et al reported
in-stent stenosis in 21/139 (15.8%) of patients treated with
the first-generation Pipeline device, during a mean follow-up
of 6.7 months (range, 3-24 months).'® The stenosis was mild
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(<50%) in 11 patients, moderate (50%-75%) in five patients,
and severe (>75%) in six patients. None were symptomatic
or required further intervention. The rates of in-stent stenosis
in the PUFS study during the first year after the procedure
were: <25%stenosis in 85/91 (93.4%) of patients, >25%-—
50%stenosis in 1/91 (1.1%), >50%-75%stenosis in 1/91
(1.1%), and >75%stenosis 1/91 (1.1%)." Stenosis was indeter-
minate in 3/91 (3.3%) of those cases. In a recent publication,
Matsuda et al compared the neointimal patterns formed in
a swine model treated with Pipeline Flex and Pipeline Shield."!
The authors concluded that, in comparison with Pipeline Flex,
Pipeline Shield results in earlier neointimal formation, resulting
in reduced thrombosis, reduced late neointimal hyperplasia,
and a reduced in-stent stenosis rate. Furthermore, a recent
preclinical study has demonstrated reduced intimal hyperplasia
without reducing aneurysm occlusion rates by using the Shield
technology."”

Our results confirm that Pipeline Shield maintains its low rate
of significant stenosis in a clinical setting. In the PFLEX study, at
1-year post-procedure, only 3/32 (9.4%) cases with angiographic
data available were reported to have >25%-50% in-stent
stenosis, and only one single case with >50% in-stent stenosis.
These findings indicate that Pipeline Shield may have a ‘more
benign’ pattern of significant in-stent stenosis than the previous
generation of the device, inducing clot formation less frequently.

As previously reported, a limitation of this study is that the
target aneurysms were primarily small in size (<10 mm in diam-
eter) and located in the ICA.” Small aneurysms in the ICA are
reported to have lower complication rates than other anterior
or posterior circulation aneurysms,'® which could have biased
our safety outcomes. Furthermore, missing angiographic data on
several patients may misrepresent the 1-year occlusion rates, and
we did not gather antiplatelet assays post-procedurally which
could have been used to determine the extent to which PC
decreases dependence on antiplatelet therapy for the reduction
of thrombogenicity.

CONCLUSION

The PFLEX study is the first prospective study to evaluate the
use of the Pipeline Shield device. Our results show that there
was no occurrence of major stroke or neurologic death at
1-year post-procedure. Observed rates of aneurysm occlusion
and in-stent stenosis were comparable to previously published
results with the earlier generation devices, demonstrating that
the Pipeline Shield device is safe and effective for the treatment
of IAs. In our cohort, there were no cases without antiagreg-
gation and each institution applied their daily basis antiplatelet
protocol. With the currently available evidence and the results of
this clinical study, standard antiplatelet regimens should be still
recommended.
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