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ABSTRACT

BACKGROUND AND PURPOSE: Incomplete occlusion and recanalization of large and wide-neck brain aneurysms treated by endovas-
cular therapy remains a challenge. We present preliminary clinical and angiographic results of an experimentally optimized Surpass flow
diverter for treatment of intracranial aneurysms in a prospective, multicenter, nonrandomized, single-arm study.

MATERIALS AND METHODS: At 24 centers, 165 patients with 190 intracranial aneurysms of the anterior and posterior circulations were
enrolled. The primary efficacy end point was the percentage of intracranial aneurysms with 100% occlusion on 6-month DSA. The primary
safety end point was neurologic death and any stroke through a minimum follow-up of 6 months.

RESULTS: Successful flow-diverter delivery was achieved in 161 patients with 186 aneurysms (98%); the mean number of devices used per
aneurysm was 1.05. Clinical follow-up (median, 6 months) of 150 patients (93.2%), showed that the primary safety end point occurred in 18
subjects. Permanent neurologic morbidity and mortality were 6% and 2.7%, respectively. Morbidity occurred in 4% and 7.4% of patients
treated for aneurysms of the anterior and posterior circulation, respectively. Neurologic death during follow-up was observed in 1.6% and
7.4% of patients with treated intracranial aneurysms of the anterior and posterior circulation, respectively. Ischemic stroke at �30 days,
SAH at �7 days, and intraparenchymal hemorrhage at �7 days were encountered in 3.7%, 2.5%, and 2.5% of subjects, respectively. No
disabling ischemic strokes at �30 days or SAH at �7 days occurred. New or worsening cranial nerve deficit was observed in 2.7%. Follow-up
angiography available in 158 (86.8%) intracranial aneurysms showed 100% occlusion in 75%.

CONCLUSIONS: Clinical outcomes of the Surpass flow diverter in the treatment of intracranial aneurysms show a safety profile that is
comparable with that of stent-assisted coil embolization. Angiographic results showed a high rate of intracranial aneurysm occlusion.

ABBREVIATIONS: EVT � endovascular treatment; FD � flow diverter; PUFS � Pipeline Embolization Device for Uncoilable or Failed Aneurysms

Previous in vivo and in vitro hemodynamic experimental stud-

ies showed that optimization is required to balance the poros-

ity (metal-free/metal area) and pore or mesh density (number of

pores/mm2) of flow diverters (FDs) to optimize the effect on flow

reduction within the aneurysm sac while keeping the side branches

(perforators) patent.1-6 We evaluated, in a multicenter, prospective,

nonrandomized study, our hypothesis that a single optimized FD

would suffice to obliterate a variety of aneurysms located in the an-

terior and posterior circulation without occluding perforators.

MATERIALS AND METHODS
Patients and Study Design
Patients with intracranial aneurysms undergoing attempted en-

dovascular treatment (EVT) with the FD (Surpass FD; Stryker
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roradiology (M.H.), Helios Hospital, Berlin, Germany; National Institute of Neurosci-
ences (I.S.), Budapest, Hungary; Department of Neuroradiology (L.P.), Hôpital Mai-
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France; Department of Neuroradiology (I.R.), The Royal Hospitals, Belfast, Ireland;
Department of Neuroradiology (M.S., O.B.), Universita�tsklinikum Magdeburg,
Magdeburg, Germany; Department of Neuroradiology (A. Bonafé), Hôpital Guy de
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Neurovascular, Fremont, California) were enrolled consecutively

in a multicenter, prospective data base that included 24 centers in

Europe, South America, and Japan. In Europe and Chile, patients

were treated with the FD after it received approval for distribution

by the Notified Body (CE Mark); outside Europe, patients were

treated under a compassionate use protocol. All procedures and

the sharing of data recorded in the data base were approved by the

institutional review board or ethics committee at each participat-

ing site; written informed consent was obtained from all patients

or their proxy before the procedure.

Patients were considered for enrollment if they had aneurysms

of any size located in the anterior or posterior circulation deemed

difficult to treat with currently available surgical or endovascular

techniques or expected to have a high recanalization rate with

standard EVT (wide-neck defined as �4 mm or dome-to-neck

ratio of �2). Patients were not eligible for enrollment if they had

experienced a subarachnoid hemorrhage associated with a rup-

tured intracranial aneurysm within 30 days, had contraindica-

tions for dual antiplatelet therapy or were nonresponders to ace-

tylsalicylic acid and clopidogrel, or had a nontreated brain

arteriovenous malformation in the territory of the target aneu-

rysm. Inhibition of platelet function was assessed (VerifyNow

P2Y12 assay; Accumetrics, San Diego, California), and inhibition

between 30% and 90% was considered therapeutic. Patients were

given acetylsalicylic acid (81 mg) and clopidogrel (75 mg) for a

minimum of 3 days before the procedure. Dual antiplatelet ther-

apy was continued for a minimum of 3 months, followed by life-

long continuation of acetylsalicylic acid. A loading dose of 350 mg

of acetylsalicylic acid and 150 mg of clopidogrel was given 6 –24

hours before EVT if patients were acutely treated. The goal, when-

ever feasible, was to treat the target vessel with a single device.

Follow-up digital subtraction angiography was typically

scheduled at 1–3, 6, and 12 months and, in a few patients, at a later

time point, performed on an outpatient basis. All angiograms

were evaluated by 2 independent reviewers not involved in patient

care. The efficacy end point was the percentage of subjects with

100% occlusion of the aneurysm.

The safety end point was the percentage of patients experienc-

ing death and any stroke through the minimum follow-up of 6

months. Functional outcome by using the modified Rankin Scale

score and cranial nerve II–VI examination was assessed at base-

line, at discharge, and at follow-up.

Technology and Endovascular Procedure
The FD is made of a cobalt-chromium alloy with a low porosity

(metal surface area coverage, 30%); a high mesh density (20 –32

pores/mm2); and a self-expanding, single-layer braided, tubular

structure. The device comes in various diameters, �5.3 mm, and

lengths, �50 mm. The 2-mm device has 48 wires; the 3- and

4-mm devices have 72 wires, and the 5-mm device has 96 wires, to

provide a constant high mesh density over various diameters of

the device, as supported by previous in vitro5 and in vivo studies.6

The filament diameter ranges from 25 to 36 �m, depending on the

device diameter, to maintain the mechanical stability of the im-

plant and the square shape of the mesh and the mesh attenuation

at the implantation site. The braid angle is designed to avoid

changes of mesh density in curved arterial segments and in vary-

ing arterial diameters. It also helps to reduce foreshortening of the

FD (29%– 42% depending on implant diameter) from constraint

stage to nominal diameter once implanted. To improve radio-

opacity, the device has 12 platinum wires (92% platinum, 8%

tungsten) integrated in the mesh with the same wire diameter as

the remaining cobalt-chromium wires.

The delivery system of the FD is composed of an inner catheter

(the pusher) and an outer catheter (the delivery catheter) com-

patible with any 0.014-inch microwire. The outer diameter of the

distal part measures 3.7F, and of the proximal part, 3.9F. The FD

comes premounted at the very distal end of its delivery system.

Two different generations of FD delivery systems were used in

this study. The system used in the first 45 subjects was stiffer,

while the second generation of delivery system had an im-

proved trackability.

Except in 4 patients, the implantation was performed with the

patient under general anesthesia. Following access, the patients

were administered heparin to maintain an activated clotting time

of �250 seconds. Typically, a bi- or a triaxial approach was used.

A long sheath was placed in either the common carotid or subcla-

vian artery. A guide (intermediate) catheter was navigated

through the sheath over either the FD delivery system and a 0.014-

inch microwire or a standard microcatheter. If a microcatheter

was used, an exchange-length 0.014-inch microwire was intro-

duced and the microcatheter was replaced by the FD delivery

catheter. The delivery system has markers indicating the location

of the constrained implant and was positioned at the desired site

across the aneurysm neck. If satisfactory initial wall apposition

was not obtained, postdilation of the FD with a compliant balloon

was permitted. Postdilation was performed with compliant bal-

loons, either Scepter C (MicroVention, Tustin, California) or

HyperForm (Covidien, Irvine, California). Technical success was

defined as the proportion of patients in whom the FD was deliv-

ered to cover the aneurysm neck.

RESULTS
From April 2010 to January 2013, EVT with the FD was attempted

in 165 patients with 190 intracranial aneurysms. Single-center

results from a small subset of these patients (n � 26) have previ-

ously been reported.7 Patient demographics, clinical presentation

at treatment, and indication for EVT are presented in Table 1.

Patients with ruptured aneurysms (3.9%) were treated after initial

partial coiling and in a subacute stage at least 30 days following the

SAH. Most aneurysms were discovered incidentally or after

work-up for chronic headaches (31.8%). A common reason for

the use of the FD was recanalization or regrowth of previously

coiled (with or without stent assistance) aneurysms, necessitating

re-intervention (21.7%). In nearly one-fifth of the aneurysms,

mass effect was present with cranial nerve deficits.

Aneurysm characteristics are provided in Table 1. In the ante-

rior circulation, 118 aneurysms (63.4%) originated below the in-

ternal carotid artery terminus (Fig 1), and 41 (22%), distal to the

circle of Willis (including the middle cerebral artery bifurcation,

Fig 2); 27 (14.5%) originated at various locations in the posterior

circulation, including 4 fusiform aneurysms of the entire basilar

trunk (Fig 3). The mean aneurysm and neck diameters were

10.4 � 0.7 and 6.0 � 0.4 mm, respectively; the dome-to-neck ratio
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was 1.6 � 0.08%. Eighty-six aneurysms (46.2%) were associated

with dysplastic parent arteries, 54 (29%) were either fusiform or

dissecting, and 7 (3.8%) were blood blister–type. The mean prox-

imal artery diameter was 3.8 � 0.1 mm, and the distal parent

artery diameter, 3.0 � 0.1 mm.

Technical Complications
Of 190 intracranial aneurysms in which treatment was attempted

in 165 patients, access to the target site failed in 4 subjects due to

the stiffer first generation of the FD delivery system and the tor-

tuosity of the parent artery. Thus, FD placement was achieved in

186 aneurysms (device success of 98%) or 161 patients (Table 2).

The average number of FDs used was 1.05 per aneurysm and 1.2

per patient. Most aneurysms were treated with a single FD (1

device, 127 aneurysms). In 23 and 2 aneurysms, 2 and 3 devices,

respectively, were deployed. In 14 and 2 patients with 2 and 3

adjacent aneurysms, respectively, a single FD was used. Addi-

tional coils were present from previous treatment or placed in 36

aneurysms (19.3%). During treatment, imprecise FD placement

resulted in incomplete neck coverage in 4 (2.1%) aneurysms

(technical success of 97%) and a guidewire perforation in 5 pa-

tients (3.1%). Guidewire perforation led to SAH and intraparen-

chymal hemorrhage in 3 and 2 patients, respectively (Table 2).

Postdilation of the FD because of a malapposition was performed

with compliant balloons in 36 aneurysms (19.4%). Clot forma-

tion on the implant surface was observed in 6 patients (3.7%), all

of which were successfully treated with intra-arterial administra-

tion of abciximab (5–18 mg) in 4 patients or eptifibatide in 2

subjects. Vasospasm due to catheter manipulation was reported at

the tip of or around the long sheath of the guide catheter in 6

patients but promptly resolved with local intra-arterial adminis-

tration of nicardipine (n � 5, 2–15 mg) or verapamil (n � 1, 10

mg). Periprocedural ICA dissections were reported in 2 patients

and led to complete vessel occlusion that remained asymptomatic

due to existing collateral blood supply.

Safety and Clinical Outcome
During the clinical follow-up (median, 6 months; range, 1–38

months) available in 150 (93.2%) patients, a primary end point

occurred in 18 subjects (12%). Of these patients, 5 (3.3%) re-

turned to baseline during follow-up, 5 (3.3%) continued to expe-

rience a minor neurologic deficit (mRS �2), 4 (2.7%) have per-

manent major neurologic disabilities (mRS �2), and 4 (2.7%)

died. Of the patients with a primary end point, hemorrhage was

seen in 10 patients (6.2%) and was related to the following: 1) a

periprocedural wire perforation in 5 (3.1%) patients, 2) a sub-

dural hematoma that developed within 24 hours in 1 patient who

was kept on therapeutic heparin and required surgical decom-

pression, 3) a subarachnoid hemorrhage 5 days after implant in 1

subject, and 4) intraparenchymal hemorrhage seen in 3 patients

following FD implantation and up to 14 days following EVT. No

further aneurysmal ruptures were encountered during the fol-

low-up period. New or worsening of pre-existing cranial nerve

deficits following treatment were observed in 4 (2.7%) subjects.

There were an additional 3 deaths during the follow-up period

from nonvascular causes: One patient was diagnosed with lung

cancer 1 year following aneurysm treatment and died 1 year there-

after, 1 was lost to follow-up and was subsequently discovered to

have died from complications of a brain tumor, and 1 patient died

from pneumonia 1 year after FD implantation. Changes in the

mRS score are reported in Fig 4.

Anterior Circulation. In the subgroup analysis, 5 patients with

anterior circulation aneurysms experienced permanent neuro-

logic deficits and 2 patients died. Complications were related to

thromboembolic events in 3 patients, including 1 patient with a

16-mm ophthalmic artery aneurysm who had a delayed anterior

choroidal artery occlusion and a stroke following the procedure.

Table 1: Patient information and characteristics of aneurysms
treated with the FD

Patients 161
Aneurysms 186
Women (%) 72.4
Mean age (yr) (range) 57.1 (28–82)
Presentation/indications for treatment (%)

Incidental finding/headaches 31.8
Recurrent after coiling/coiling and stenting 21.7
Cranial nerve deficit/mass effect 18.6
Associated second ruptured aneurysm 13.1
Stroke/transient ischemic attack 7.8
Subarachnoid hemorrhage (not acute) 3.9
Recurrent after clipping/failed clipping 2.3
Seizures 0.8

Total No. of aneurysms treated 186
�5 mm 53
5–9.9 mm 64
10–20 mm 47
�20 mm 22

Measurements (mean � SEM)
Aneurysm dome size (mm) 10.4 � 0.7
Aneurysm neck size (mm) 6 � 0.4
Dome: neck ratio 1.6 � 0.08
Proximal parent artery diameter (mm) 3.8 � 0.1
Distal parent artery diameter (mm) 3.0 � 0.1

Anterior circulation ICA (%) 118 (63.4)
Petrocavernous 5 (2.7)
Cavernous 20 (10.7)
Carotid cave 3 (1.6)
Superior hypophyseal 5 (2.7)
Paraophthalmic 34 (18.2)
Paraclinoid ICA 4 (2.2)
Supraclinoid ICA 6 (3.2)
Posterior communicating artery 36 (19.4)
Anterior choroidal artery 5 (2.7)

Anterior circulation distal to circle of Willis (%) 41 (22)
ICA terminus 5 (2.7)
Anterior cerebral artery (including AcomA and

pericallosal)
12 (6.4)

Middle cerebral artery 24 (12.9)
Posterior circulation (%) 27 (14.5)

Vertebral artery (VA and VB junction) 8 (4.3)
Posterior inferior cerebellar artery 6 (3.2)
Basilar trunk 9 (4.8)
Posterior cerebral artery 3 (1.6)
Superior cerebellar artery 1 (0.5)

Morphology (%)
Wide-neck saccular 125 (67.2)
Fusiform/dissecting 54 (29.0)
Blister 7 (3.8)

Focal disease 100 (53.8)
Dysplastic artery 86 (46.2)

Note:—AcomA indicates anterior communicating artery; VA, vertebral artery; VB,
vertebrobasilar; SEM, standard error of the mean.
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Wire perforation was encountered in 2 patients, including 1 pa-

tient with a large dissecting fusiform aneurysm of the pericallosal

artery. All 5 patients showed various degrees of improvement of

their neurologic deficits and functional status (mRS) at their latest

clinical follow-up.

Of the patients with anterior circulation aneurysms who had

FIG 1. Coronal T2-weighted MRI (A) and sagittal contrast CT (B), in a young female with a giant, partially thrombosed dissecting aneurysm of the right
internal carotid artery (arrows). Lateral (C) and frontal DSA images (D) show the site of dissection (arrow) and irregular aneurysmal lumen corresponding
to intra-aneurysmal clot (curved arrow). Seven-month follow-up angiography after placement of a Surpass FD (E) shows complete aneurysm occlusion
with mild narrowing at the level of dissection (arrow). Twelve-month follow-up in lateral, frontal, and oblique views (F–H) shows stable aneurysm
occlusion with no major remaining stenosis. Note the nearly isolated right hemisphere due to a small right A1 artery.
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transient neurologic deficits during the clinical follow-up period,

1 experienced parenchymal bleeding ipsilateral to the treated area.

The patient presented with a frontal lobe hematoma 1 day after

treatment of a giant carotid cavernous aneurysm that required

decompressive surgery; after initial headache, the patient remains

asymptomatic following surgery.

Posterior Circulation. During the clinical follow-up period, 2 of

27 patients (7.4%) treated for posterior circulation aneurysms

died, both of whom presented with symptomatic fusiform aneu-

rysms affecting the entire basilar trunk and proximal segment of

the posterior cerebral arteries.

Procedure-related morbidity was encountered in 2 patients

FIG 2. A, A young female patient with a mycotic aneurysm (arrow) of the left middle cerebral artery intractable to antibiotic treatment. B, The
fusiform aneurysm (arrow) measures 8 � 7 mm and originates from the angular artery. The patient failed a balloon-test occlusion of the angular
artery and was considered for flow-diverter treatment. Conebeam CT (C) shows the aneurysm treated with 2 overlapping Surpass FDs (2 � 15
and 2 � 10 mm, arrows). Follow-up angiogram (D) shows excellent parent artery flow and filling of the aneurysm. Six-month follow-up angiogram
(E) shows a complete aneurysm occlusion. Note that a second FD device had to be implanted because the first one did not cover the entire
lesion. This was related to poor visibility of the first generation of the FD, which did not have platinum markers, which were added to the second
generation of the implant.

FIG 3. A, A male patient with a 20 � 30 mm symptomatic fusiform basilar trunk aneurysm involving both anterior inferior cerebellar arteries
(arrows) and the vertebrobasilar junction. Coil occlusion (B) of the left vertebral artery to prevent “endoleak” (curved arrow) and placement of
a single 5 � 50 mm Surpass FD with patency of anterior inferior cerebellar arteries (conebeam angio-CT; insert, small arrows). C and D,
Progressive thrombosis of the aneurysm with remodeling of the basilar trunk and preservation of both anterior inferior cerebellar arteries (small
arrows) at 3- and 14-month follow-up angiography. Note the previously occluded left internal carotid artery with a secondary enlarged left
posterior communicating artery feeding the middle cerebral artery. The distal basilar trunk and left P1 segment not covered by the FD remain
enlarged.
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(7.4%). One patient was treated for a 19-mm symptomatic basilar

apex–superior cerebellar artery aneurysm. After initially having

an excellent recovery, 3 weeks following the EVT, the patient had

a midbrain and brain stem stroke from a suspected perforator

occlusion, resulting in right-sided hemiplegia. The other pa-

tient, who was treated for a large basilar trunk aneurysm, had

pre-existing severe intracranial atherosclerotic disease and a

history of posterior circulation stroke. Five months following

the EVT and discontinuation of dual antiplatelet therapy, the

patient presented with basilar thrombosis that was treated with

IV thrombolysis. Despite successful revascularization, the pa-

tient retained homonymous hemianopia and diplopia at left

lateral gaze.

The only confirmed perianeurysmal bleed was in a posterior

circulation aneurysm observed several weeks after the EVT in a

patient with a growing large symptomatic (occipital pain and

ataxia) dissecting vertebral artery–posterior inferior cerebellar

artery aneurysm that, at follow-up angiography, was com-

pletely obliterated. The patient’s preprocedural symptoms

have resolved completely, and the patient remains asymptom-

atic 24 months following the procedure. In the posterior cir-

culation, 1 patient presented with a parenchymal superior

vermian bleed 6 days after placement of the FD for a dissecting

intracranial segment of the vertebral artery. The patient pre-

sented with mild dizziness and returned to baseline at 30-day

follow-up.

Efficacy
Of 186 aneurysms that received an FD, 158 (86.8%) were available

for a DSA follow-up (median, 6 months; range, 1–38 months).

Additionally, 2 patients had a 6-month follow-up MRA that was

not assessed because the protocol required DSA. Complete occlu-

sion (100%) was seen in 118 (75%) aneurysms of all locations

(Table 3). Near-complete or complete occlusion (95%–100%)

was observed in 127 (80%) aneurysms. A subgroup analysis

showed complete occlusion in 78.6% of anterior circulation an-

eurysms below the ICA terminus, while 65.8% and 72.7% of an-

eurysms located in the anterior circulation distal to the circle of

Willis and the posterior circulation, respectively, were oc-

cluded (Table 3). Starting at 3-month follow-up, a progressive

thrombosis of the aneurysm was seen, with most of the aneu-

rysms obliterated between 6 and 12 months after FD placement

(Fig 5). Of the 5 aneurysms that were previously treated with

stent-assisted coil embolization, 3 did not show complete oc-

clusion at 6-month follow-up angiography and were success-

fully re-treated with a second FD. Of the 4 aneurysms with

incomplete neck coverage at EVT, 2 showed incomplete occlu-

sion at follow-up.

At follow-up, significant stenosis (�50%) within the FD was

seen in 8 patients (5%), who remained asymptomatic. The area of

stenosis was associated with device malapposition that had not

been addressed with balloon postdilation at the time of placement

in all 8 patients. Another patient ceased dual antiplatelet therapy 4

months following treatment due to head trauma, and subse-

quently the implant was occluded with worsening of pre-existing

aphasia.

DISCUSSION
Specific Features of the FD
The single-layer braided FD used in this clinical study was engi-

neered on the basis of previous extensive experimental hydrody-

namic studies.5,6,8,9 In vitro and computational fluid dynamic

research showed that FDs create impedance to the flow at the neck

of the aneurysm and reduce the hydrodynamic circulation inside

the aneurysm pouch.10 This outcome is achieved by the attenua-

tion of the peak and mean kinetic energy of the blood entering the

aneurysm with each pulse cycle. Subsequent in vivo experiments

confirmed that the flow reduction led to progressive aneurysm

thrombosis and, ultimately, endothelialization of the FD surface

and the aneurysm neck.6 As detailed previously, this result re-

quired an FD porosity of optimally 70%, which was sufficient

for an intra-aneurysmal flow reduction while maintaining flow

through vital perforators.5,8-11 With the increase in diameter

and to maintain biomechanical stability within the parent ar-

tery, the number of wires of an FD had to be increased. Ensur-

ing the desired porosity required a reduction of FD wire thick-

ness. These changes resulted in a consistent mesh density and

Table 2: FD implantation, technical complications, primary safety
end point, and other major adverse events at a median 6-month
clinical follow-up (range 1–38 months)

FD implantation
Attempted treatment (patients/aneurysms) 165/190
FD implantation at target site (patients/

aneurysms)
161 (97.5%)/186 (98%)

Average No. of devices used per patient 1.2
Average No. of devices used per aneurysm 1.05
Average procedure length (min) 79.8

Technical complications
Incorrect placement with partial aneurysm

coverage
4 (2.1%)

Guidewire perforation 5 (3.1%)
Intraoperative thrombus formation

(asymptomatic/symptomatic)
6 (3.7%)/0

Vasospasm 6 (3.7%)
Serious adverse events

Any death during the follow-up 7 (4.3%)
Patients available for follow-up 150 (93.2%)
Patients lost to or refusing follow-up 11 (6.8%)
Primary end point (any stroke and

neurologic death)
18 (12%)

Permanent morbidity 9 (6.0%)
Procedure-related mortality 4 (2.7%)

FIG 4. Modified Rankin Scale score at presentation and follow-up in
150 patients. A Wilcoxon matched-pairs signed rank test (P � .55)
indicates no significant change in patient neurologic outcomes.
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cell shape of the implant, enabling an effective flow reduction

at various parent vessel diameters. The resulting braid angle

also reduced the foreshortening of the device and enhanced a

precise placement.

“Herniation” of the FD into the aneurysm alters the ultra-

structure of the device (cell shape and porosity) and changes the

effect on flow diversion, as recently reported with other nitinol-

based implants.12 The braid angle also eliminates the potential

risk of creating pockets of large openings between the struts, es-

pecially in aneurysms located in tight bends. Changes of FD con-

figuration and mesh porosity once implanted into the artery may

create an inconsistent pattern of intra-aneurysmal flow and insuf-

ficient resistance to the flow at the aneurysm neck that necessitates

the use of multiple FDs. The central goal of the aforementioned

engineering studies was to create a single optimized FD for

efficacious treatment across a broad range of intracranial an-

eurysms. Preliminary data of the Surpass FD at a single center

reinforced these experimental results, demonstrating an occlu-

sion rate of 94% at 6 months in 31 aneurysms.7 The reported

occlusion rate in this multicenter study is lower; however, this

was anticipated because the prior report was from a single

center at a high-volume site that has extensive experience with

this device.

The clinical data presented herein reinforce the experimental

findings.6 The use of a single device (compared with a median of

3 used in the Pipeline Embolization Device for Uncoilable or

Failed Aneurysms [PUFS] trial13) led to a comparable high rate of

progressive aneurysm occlusion. Moreover, the average proce-

dural time in this study was 79.8 minutes compared with 124

minutes in the PUFS trial.13 Similar to our observations, the PUFS

study confirmed the progressive nature of aneurysm occlusion: At

6 months, 73.6% of aneurysms were obliterated, and at 12

months, 86.8% were thrombosed. As in our series, a high com-

plete occlusion rate was observed in large or giant aneurysms.

Specifically, there were 22 aneurysms of �10 mm located in the

ICA below the circle of Willis having no underlying prior stent,

with follow-up at a minimum of 6 months. In this small cohort, 18

(81.8%) were completely occluded at 6-month follow-up and 3

(13.6%) had a small neck remnant (�95% occluded). One

aneurysm (4.5%) was �90% occluded at 6-month follow-up

angiography. Several recently published meta-analyses of EVT

in �1000 intracranial aneurysms with FDs showed a complete

Table 3: Primary efficacy end point at a median of 6 months (range, 1–38 months)a

Aneurysm Location

Aneurysm Occlusion

Occlusion Rateb (%)

Total<50 50–95 >95 100
Anterior circulation (ICA) 6 (6.1%) 11 (11.2%) 4 (4.1%) 77 (78.6%) 98

Petrocavernous 1 3 4
Cavernous 2 2 12 16
Carotid cave 1 3 4
Superior hypophyseal 1 3 4
Paraophthalmic 2 2 24 28
Paraclinoid 3 3
Supraclinoid 1 1 3 5
Posterior communicating artery 1 4 2 24 31
Anterior choroidal artery 1 2 3

Anterior circulation distal to circle of Willis 2 (5.3%) 9 (23.7%) 2 (5.3%) 25 (65.8%) 38
ICA terminus 1 1 1 2 5
Anterior cerebral artery (including AcomA) 1 1 7 9
Middle cerebral artery 1 7 16 24

Posterior circulation 1 (4.5%) 2 (9.1%) 3 (13.6%) 16 (72.7%) 22
VA and VB junction 1 7 8
Posterior inferior cerebellar artery 1 2 2 5
Basilar trunk 1 1 4 6
Posterior cerebral artery 3 3

Total 9 (6%) 22 (13%) 9 (6%) 118 (75%) 158

Note:—AcomA indicates anterior communicating artery; VA, vertebral artery; VB, vertebrobasilar.
a Digital subtraction angiography follow-up was available in 158 aneurysms (86.8%).
b Occlusion rates at the latest follow-up are based on aneurysm volume calculated on pre-and posttreatment digital subtraction angiograms.

FIG 5. Percentage of occlusion of the aneurysm as a function of time
from implant. Incomplete coverage of the aneurysm by the FD and FD
implantation over a prior stent are noted by red triangles and blue
squares, respectively.
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occlusion rate as high as 76%.14,15 A retrospective analysis of

the Italian multicenter experience with flow-diverter devices

for intracranial aneurysms that included the Pipeline Emboli-

zation Device (Covidien) and Silk stent (Balt Extrusion, Mont-

morency, France) showed an 85% aneurysm occlusion at 3

months.16

Patient Selection and Angiographic Occlusion
Caution should be exercised when comparing occlusion rates be-

tween different FDs because patient selection and trial design may

affect outcome. In our series, only 14% of the patients presented

with extradural aneurysms, whereas in the PUFS trial, a large sub-

group had petrous and cavernous aneurysms (44.4%).13 Thus,

the risk of spontaneous aneurysm rupture before complete aneu-

rysm thrombosis during the observation period differs. These

preliminary data are encouraging, and the FD achieved a com-

plete (100%) or near-complete (�95%) occlusion at follow-up in

81% of the treated aneurysms. To render a true assessment of the

FD, we enrolled patients with aneurysms originating at all loca-

tions in the intracranial circulation, including more challenging

aneurysms such as those found at the MCA bifurcation and ante-

rior communicating artery. Like other studies, a variety of aneu-

rysms with complex angiographic appearances (multiple adja-

cent aneurysms with dysplastic arteries, dissecting and blister

aneurysms) was captured in our series and most likely does not

reflect the same underlying disease or disease stage. Lanzino et

al17 showed, in a matched-pair analysis, that FD treatment in

22 paraclinoid aneurysms achieved a 77.3% complete occlu-

sion versus 45.4% with standard EVT, including stent-assisted

coiling with fewer intra- and postoperative complications for

the FD arm.

Bleeding and Thromboembolic Complications
Previously published studies and case series have reported morbidity

and mortality as high as 9% and 6%, respectively.13,18-22 Morbidity

and mortality with the Silk device (Balt Extrusion) are reported to be

slightly higher, with �15% and 8%, respectively.23-25 Two recently

published meta-analyses on FD treatment in up to 1451 patients

with 1654 aneurysms showed a not-negligible procedure-related

morbidity and mortality of 5%–10% and 4%, respectively.14,15

The authors found an occurrence of postoperative SAH, intrapa-

renchymal hemorrhage, and perforator infarctions of 3% in each

category. The rates of SAH, intraparenchymal hemorrhage, and

ischemic stroke at �30 days were 3%, 3%, and 5%, respectively.

SAH, intraparenchymal hemorrhage, and ischemic stroke at �30

days occurred in 2%, 2%, and 3% of the patients, respectively.

Perforator occlusions were significantly higher in the posterior

circulation compared with aneurysms located in the anterior cir-

culation. Ischemic stroke was encountered in 6% of patients.14

Our results are comparable with those in other studies; any per-

manent neurologic morbidity and mortality were seen in 6% and

2.7%, respectively. In our series, we did not encounter SAH after

7 days following FD placement. In a preliminary study of this FD

in 39 patients, there was a lower permanent morbidity rate of 4%

and no mortality.7 This larger, multicenter study showed a slight

increase in morbidity. The increase in mortality is likely attribut-

able to the study design and the inclusion of complex aneurysms,

particularly in the posterior circulation.

Our experience with the FD in the posterior circulation has

been comparable with that in the anterior circulation with the

exception of fusiform dolichoectatic aneurysms of the entire basi-

lar trunk. Two of 4 patients treated for an entire basilar trunk

aneurysm died from FD treatment. Siddiqui et al26 reported 7

patients with large or giant fusiform vertebrobasilar aneurysms

treated with the Silk or Pipeline Embolization Device, 4 of

whom died; 3 were left with severe disability following the

procedure. The use of a single, long implant, compared with

the need for telescoping the Pipeline Embolization Device with

the potential risk of perforator occlusion, may mitigate peripro-

cedural morbidity.

Although stent-assisted coil embolization has not been the

subject of randomized clinical trials, this technology has been

available for cerebrovascular aneurysm treatment for more than a

decade. Consequently, numerous studies have been published re-

garding the safety and efficacy of the technique. In a comprehen-

sive review by Shapiro et al,27 stent-assisted coil-embolization

complications and mortality were seen in 19% and 2.1%, respec-

tively. Although most aneurysms included in this analysis were

unruptured, acutely ruptured aneurysms were also included. As

with all new technology, there was a documented learning curve,

with complication rates being higher in the first 10 patients

treated. Most complications (10%) were thromboembolic. If we

restricted the analysis to unruptured or nonacutely ruptured an-

eurysms, the rates of morbidity and mortality varied between

3.8%– 8.3% and 0%–3.9%, respectively.28-34 The data presented

in our study show a safety profile comparable with that of stent-

assisted coil embolization.

Study Limitations
Assessment at clinical follow-up and serious adverse events

were self-adjudicated by physicians’ participating sites. An-

other major limitation of the data collected is the nonrandom-

ized nature of the study and lack of a control arm. Patients with

ruptured aneurysms were not included in the acute stage but were

treated electively if other treatments were not an option. Finally,

most aneurysms included in this trial are �10 mm. Presently, the

FD studied herein is undergoing the Surpass intraCranial aneu-

rysm EmbolizatioN system Trial (SCENT), which is a multi-

center, prospective single-arm trial designed to assess the safety

and efficacy of the device for the treatment of large or giant wide-

neck aneurysms. On completion of this trial, more data will be

available on the ability of the device to treat large and giant

aneurysms.

CONCLUSIONS
Clinical data demonstrate an acceptable safety profile compared

with other FD technology and stent-assisted coil embolization.

High occlusion rates were observed for a wide range of intracra-

nial aneurysms of the anterior and posterior circulation without

the need for coiling and with the use of a single FD implant. The

observed progressive occlusion requires long-term follow-up

studies. The treatment of a subset of fusiform aneurysms affecting

the entire basilar artery remains challenging.
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