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J.P. Cruz, C. OKelly, M. Kelly, J.H. Wong, W. Alshaya, A. Martin, J. Spears, and T.R. Marotta

ABSTRACT

k|

BACKGROUND AND PURPOSE: The PED is an FDS designed for the treatment of intracranial aneurysms. Data regarding the use of this
device in acute or subacute aSAH is limited to a few case reports or small series. We aimed to demonstrate the feasibility of using an FDS,
the PED, for the treatment of ruptured intracranial aneurysms with challenging morphologies.

MATERIALS AND METHODS: We conducted a retrospective review of all known patients treated with the PED for aSAH at 4 institutions
between June 2008 and January 2012. Pertinent clinical and radiologic information was submitted by individual centers for central collation.
The decision to treat with the PED was made on a case-by-case basis by a multidisciplinary team under compassionate use.

RESULTS: Twenty patients (15 women; median age, 54.5 years; IQR, 8.0 years) were found. There were 8 blister, 8 dissecting or dysplastic,
2 saccular, and 2 giant aneurysms. Median time to treatment was 4 days (range, 1-90 days; IQR, 12.75 days) from rupture. Three patients had
previous failed treatment. Procedure-related symptomatic morbidity and mortality were 15%, with 1(5%) procedure-related death. Two
patients died relative to medical complications, and 1 patient was lost to follow-up. Sixteen patients were available for follow-up, 81% had
a GOS of 5,and 13% had a GOS of 4 attributed to a poorer initial clinical presentation. One patient died of urosepsis at 4 months. Occlusion
rates were 75% and 94% at 6 months and 12 months, respectively. There were 3 delayed complications (1 silent perforator infarct, 2
moderate asymptomatic in-stent stenoses). No symptomatic delayed complications or rehemorrhages occurred.

CONCLUSIONS: The FDS may be a feasible treatment option in the acute or subacute setting of selected ruptured aneurysms, especially
blister aneurysms. Ruptured giant aneurysms remain challenging for both surgical and endovascular techniques; at this stage, FDSs should
be used with caution in this aneurysm subtype.

ABBREVIATIONS: aSAH = aneurysmal subarachnoid hemorrhage; FDS = flow-diverting stent; GOS = Glasgow Outcome Score; IQR = interquartile range; PED =

Pipeline Embolization Device

he PED (ev3, Irvine, California) is an FDS designed for the
treatment of intracranial aneurysms. The initial published se-
ries showed high occlusion rates at 6 months and an acceptable
complication rate with its use." So far, the data regarding the use
of this type of device in the setting of acute or subacute aSAH are
limited to a few case reports or small series.>® We report our series
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of 20 consecutive patients treated with the PED after presenting
with aSAH in 4 different centers.

MATERIALS AND METHODS

We conducted a retrospective review of all known patients treated
with the PED for aSAH at 4 institutions between June 2008 and
January 2012. Pertinent clinical and radiologic information was
submitted by individual centers for central collation. Patient de-
mographic data and relevant comorbidities were registered. The
aneurysm type, size, and location; procedural details; clinical pre-
sentation at the time of aSAH diagnosis; subsequent imaging; and
clinical outcome at discharge and last follow-up were evaluated,
by using the GOS as recommended by the World Federation of
Neurological Surgeons.”

The decision to treat with the PED was made on a case-by-case
basis by a multidisciplinary team including vascular neurosur-
geons and interventional neuroradiologists, under compassion-
ate use. Informed consent was obtained from substitute decision-
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FIG 1. Left vertebral artery anteroposterior angiograms. A, Small, shallow, broad-neck aneurysm at a nonbranching point on the distal basilar
artery (arrow), which was not present on the initial CTA, considered a blister aneurysm. B, Control angiogram after a single PED deployment into
the left posterior cerebral artery shows persistent filling of the aneurysm, but there was increased stasis on the rotational angiogram (not
shown). Note the contrast washout in the basilar artery. C, Two-month follow-up angiogram shows complete occlusion of the aneurysm and
reconstruction of the parent vessel, with patency of the covered arteries.

makers, and the experimental nature of the device in aSAH was
clearly explained.

In general, patients were pretreated with dual antiplatelet ther-
apy with both acetylsalicylic acid (325 mg) and clopidogrel (total
dose of 600 mg) within 24 hours before the procedure. Tests of in
vitro platelet function for clopidogrel clinical response were not
used. If an external ventricular drain was indicated, it was placed
before initiation of dual antiplatelet therapy. Procedural heparin-
ization was used to achieve a targeted activated clotting time of
250-300 seconds. Transfemoral access was obtained with either a
6F guide catheter or 6F long sheath. Following angiographic eval-
uation of the targeted aneurysm, an 0.027-inch microcatheter
(Marksman; ev3) was manipulated across the targeted landing
zone over an 0.014-inch microguidewire. Once in position, =1
PED was delivered to reconstruct the parent artery. Overlapping
devices were used at the discretion of the primary operator to
bridge normal arterial segments or achieve the desired flow effect.
The decision as to whether to place coils in addition to the PED
was left to the discretion of the primary operator, depending on
the size and characteristics of the aneurysm. In such cases, an
0.014- or 0.018-inch microcatheter was placed in the aneurysm
lumen before PED deployment by using a 5F guide catheter via
contralateral femoral access. Loose-packed coiling was then per-
formed after the PED was adequately positioned. At the end of the
procedure, control angiography was performed in a working pro-
jection and in standard anteroposterior and lateral views for distal
vessels.

No heparin reversal or continuous heparin infusion was used
postprocedure. Patients were transferred to a dedicated neurosur-
gical intensive care unit and strictly monitored for the occurrence
of vasospasm, rehemorrhage, and procedure-related or unrelated
complications.

All patients underwent postprocedural MRA and/or CTA dur-
ing admission. After discharge, follow-up visits and noninvasive
imaging follow-up varied according to the different centers. DSA
was performed at 12 months if the initial lesion was too small for
reliable assessment with MRA or CTA or if these studies demon-
strated persistent filling or in-stent stenosis. Dual antiplatelet
therapy was continued for a minimum of 6 months. After this,

272 Cruz Feb 2013 www.ajnr.org

discontinuation of clopidogrel was left to the discretion of the
treating physician, and the patient was maintained on aspirin
only.

Demographic data, aneurysm size, days to documented occlu-
sion, and days to last follow-up are expressed in medians and
IQRs, given the small sample size (non-normal distribution).

RESULTS

Twenty patients (15 women; median age, 54.5 years; IQR, 8.0
years) presenting with aSAH underwent treatment with the PED.
The World Federation of Neurological Surgeons score on admis-
sion was =2 in 14 patients, 2 in 1 patient, and =4 in 5 patients.

There were 16 nonsaccular aneurysms (8 blister, 8 dissecting
or dysplastic) and 2 saccular and 2 giant aneurysms. Both giant
aneurysms failed balloon test occlusion, and a vertebral artery
dissecting aneurysm had a subclavian steal, so parent vessel occlu-
sion was contraindicated. Fifteen aneurysms were in the anterior
circulation (ICA, 12; MCA, 1; anterior cerebral artery, 2); and 5, in
the posterior circulation (basilar artery, 4; vertebral artery, 1).
Median aneurysm size was 3 mm (IQR, 3.05 mm; range, 2-25
mm).

Twelve patients were treated in the acute phase (<5 days), 2
within 5-10 days, and 6 beyond the peak vasospasm period (=10
days). Median time to treatment was 4 days (range, 1-90 days;
IQR, 12.75 days). The patient who was treated 90 days post-SAH
had an initially missed aneurysm, with subsequent growth seen in
follow-up images. Surgical exploration revealed a blister mor-
phology, so she was referred for PED treatment. Three other pa-
tients had prior treatment: 1 early recanalized stent-assisted coil-
ing, 1 surgical clipping with significant aneurysm growth on
postoperative DSA; and 1 subtotal coiling 17 days before PED.
Fifteen patients were treated with the PED as monotherapy (all 8
blister, 6 dissecting/dysplastic, and 1 saccular aneurysm). Coils
were placed in a prior procedure in 1 case of saccular aneurysm
and during the same procedure in 4 cases (2 giant, 2 dissecting/
dysplastic). In total, 5 patients received coils during their treat-
ment. The patients treated with the PED and no coils had smaller
aneurysms (median, 2.4 mm; IQR, 1.47 mm) than the patients
who received coils (median, 15 mm; IQR, 10 mm; P < .001).



FIG 2. A, 3D volume-rendered reformat of a right vertebral artery rotational angiogram. The
broad-neck aneurysm arising at a nonbranching site of the right intracranial vertebral artery, distal
to the PICA origin, was considered a dissecting/dysplastic aneurysm. B, Single-shot image and
venous phase right vertebral artery angiogram in working projections after a single PED. There is
a 0.014-inch microcatheter in the aneurysm lumen. Note the contrast stasis in the aneurysm sac.
C, Control angiogram after loose-packed coiling of the aneurysm sac to increase the thrombosis
rate, with good immediate angiographic results. D, Right vertebral artery anteroposterior angio-
gram showing left subclavian steal, which contraindicated parent vessel occlusion.

external ventricular drains were placed before starting dual anti-
platelet therapy in 9 cases, and a patient had a ventriculoperito-
neal shunt placed 3 days before the procedure.

There were 4 (20%) procedure-related complications. These
included 2 technical complications: 1 direct carotid cavernous
fistula after PED angioplasty, which resolved spontaneously, and
1 ICA dissection seen 7 days later with ICA occlusion and cortical
infarcts. One thromboembolic complication occurred, with mul-
tiple cortical infarcts, presumably from mural/luminal thrombus
dislodging secondary to manipulation of the microcatheter for
PED delivery in a partially thrombosed giant aneurysm. One
hemorrhagic complication occurred in a patient with a giant an-
eurysm treated with PED and coils, who developed a parenchymal
hematoma within 24 hours, located in the basal ganglia immedi-
ately superior to the coil mass, presumably from giant aneurysm
rerupture. This patient died 5 days later.

There was 1 treatment failure (5%) in a patient who under-
went a first surgical clipping with significant residual aneurysm
on postoperative angiography. A single PED was deployed, and
despite initial acceptable placement, the aneurysm grew, requir-
ing another intervention 8 days later, with 2 more overlapping
PEDs. No hemorrhagic complications related to external ventric-

ular drain removal occurred in this co-
hort. One patient required a ventriculo-
peritoneal shunt after the procedure and
preoperative platelet transfusion, with
no complications. There were 3 asymp-
tomatic delayed complications, includ-
ing 1 silent perforator infarct at 3-month
follow-up MR imaging and 2 moderate
in-stent stenoses. No symptomatic de-
layed complications or delayed rehem-
orrhages occurred.

At discharge from our institution, 9
patients (45%) were independent (GOS,
=4) and 8 patients had severe disability
(GOS, 3); 2 due to procedure-related
complications. There were 1 (5%) pro-
cedure-related death and 2 additional
non-procedure-related deaths (1 with-
drawal of care after failure to improve, 1
esophageal intubation during endotra-
cheal tube exchange in the intensive care
unit).

Median follow-up was 179 days
(IQR, 199 days), with 1 patient lost to
follow-up. On last follow-up, 94% of the
surviving patients (n = 16) were inde-
pendent, with a GOS of 5 in 13 and a
GOS of 4 in 2, both attributable to a
poorer initial clinical presentation
(World Federation of Neurological Sur-
geons, 4). One patient (GOS, 1) died due
to a sepsis 4 months after the aSAH.

Medium-term angiographic fol-
low-up was available in 16 patients. Oc-
clusion rates were 75% (12/16) at 6
months and 94% at 12 months. Occlusion was documented with

DSA in 10, CTA in 4, and MRA in 2 patients.

DISCUSSION

Since the publication of the International Subarachnoid Aneu-
rysm Trial results,'® aneurysm coiling has become the treatment
of choice in ruptured aneurysms suitable for endovascular ther-
apy. The PED has emerged as a treatment option for ruptured
aneurysms that are otherwise difficult or potentially not treatable
by standard means of endovascular embolization.

The attenuated metal weave and porosity of the PED have
been designed to redirect the blood flow, decreasing the inflow
and outflow jets of the aneurysm, promoting blood stasis and
delayed thrombosis, leading to reconstruction of the parent ves-
sel."" These devices are porous self-expandable stents that are able
to occlude the aneurysm neck while preserving the patency of the
covered arterial branches.'>'* The delayed occlusion, as opposed
to immediate occlusion seen in endovascular coiling and surgical
clipping, and the need for dual antiplatelet therapy have limited
their use in acutely ruptured aneurysms. New complications, in-

15,16

cluding delayed parent vessel occlusion, aneurysm rup-
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FIG 3. A, 3D volume-rendered reformat of a left ICA rotational angiogram shows a giant distal
supraclinoid ICA aneurysm. B, Lateral ICA angiogram after a single PED deployment shows a
significant flow effect with contrast stasis and layering within the aneurysm sac. C, Lateral ICA
angiogram after loose packing of the aneurysm sac, with higher packing attenuation at the dome
near the presumed ruptured site. There is persistent filling of the aneurysm sac and a satisfac-
tory flow effect. D, Non-enhanced CT hours after the procedure. The patient had an acute
decline in his neurologic status. There is a large parenchymal hematoma with contrast material
cranial to the coil mass and in the ventricles and subarachnoid space. The patient died 5 days

later secondary to persistent raised intracranial pressure.

17-20 21,22

ture, and ipsilateral intraparenchymal hemorrhage, are to
be considered if the aneurysm is amenable for other treatment
strategies.

FDSs are thought to be more thrombogenic than other intra-
cranial stents,” and dual antiplatelet therapy is still considered
mandatory. The optimal administration of dual antiplatelet ther-
apy in the acute phase of SAH has yet to be determined. Some
authors have suggested that intracranial stents might have a limited
role because of the increased rate of hemorrhagic complications.
According to a literature review by Bodily et al,** hemorrhagic
complications were seen in 8% of patients treated with stent-as-
sisted coiling for acutely ruptured intracranial aneurysms. How-
ever, a large proportion of these complications were related to ex-
ternal ventricular drain placement rather than aneurysmal early
rerupture or parenchymal hemorrhage, which represented <3% of
all complications. For these reasons, external ventricular drains
should be placed before the initiation of dual antiplatelet therapy
to minimize the risk of hemorrhagic complications. We did not
encounter any hemorrhages related to the external ventricular
drain removal or ventriculoperitoneal shunt placement. The data
available from stent-assisted coiling studies suggest that dual anti-
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platelet therapy may be started safely pre-
or postprocedurally in the acute or sub-
acute phase of aSAH, and these data have
been transferred to the use of dual anti-
platelet therapy in FDSs. The subject re-
mains controversial because large series
have not yet been reported and decisions
must be made on a case-by-case basis.
Intradural ruptured nonsaccular an-
eurysms are characterized by a dismal
natural history if not diagnosed correctly
and promptly treated. Ruptured verte-
brobasilar dissecting aneurysms have a
high rate of early rehemorrhage, up to

23-27 and are associ-

70% in some series,
ated with a poor clinical outcome. Blister
aneurysms are rare lesions (0.5%-2% of
all aSAH?®), classically arising at a non-
branching point of the supraclinoid
ICA, but have been described in other lo-
cations.”” They correspond to a focal wall
defect of the internal elastic lamina and
media, covered by adventitia with no
collagenous proliferation typically seen
in aneurysms.>® For these reasons, treat-
ment with reconstructive techniques poses
a unique challenge.

Surgical clipping, wrapping, and a
combination of both have been described
as vessel-preserving techniques but still
have high morbidity and mortality rates

30

for these aneurysm subtypes.”® Coiling

with or without stent remodeling,>” stent
within stent,>! and covered stents®*>?
have been used with mixed results, but re-
canalization and aneurysm growth re-
main the major limitation for these treatment modalities because
traditional higher porosity stents have significantly less effect over
the inflow to the aneurysm sac.***>
The PED has been reported as a treatment alternative in
acutely ruptured dissecting and blister aneurysms with good re-
sults, though the number of cases continues to be small.>® The
aneurysm occlusion is not immediate compared with coiling and
surgical clipping; still, no rehemorrhages have been reported to
date. Although there are minimal immediate angiographic
changes, the PED may provide some immediate protection by
reducing the aneurysm inflow,*® with reconstruction of the par-
ent vessel in the long term (Fig 1). Parent vessel occlusion remains
the treatment of choice for dissecting aneurysms not related to the
PICA origin. The PED should be an alternative to stent-assisted
coiling for those vertebral artery dissections that require vessel
preservation or for dissecting aneurysms in other vessels. This

e et 5,
series, similar to other 1rep0rts,2 37

shows good results for blister
aneurysms. Other surgical and endovascular approaches have
been reported with mixed results.>>*%>"323841 A such, the PED
should be considered a treatment option in blister aneurysms.

In our series, there were 16 nonsaccular aneurysms. We had no



rehemorrhages or procedure-related mortality, and 83% of the
patients available for follow-up showed a good long-term clinical
outcome. Two patients had a GOS of 4, related to a more severe
initial clinical presentation. Aneurysms in the anterior circulation
were not considered good surgical candidates or amenable to coil-
ing. The only vertebral artery of this type treated with the PED was
not amenable to parent vessel occlusion because of an underlying
subclavian steal (Fig 2).

SAH may occur in 25%-70% of intracranial giant aneu-
rysms.** The rehemorrhage rate is estimated to be 15% in the first
week,*? similar to the reported rate of smaller aneurysms. Preven-
tion of short-term recurrent hemorrhage is the primary treatment
goal. Primary coiling (even aimed at partial occlusion) is usually
effective to prevent recurrent hemorrhage. In a later stage, after
the vasospasm period, a more definitive treatment can be
considered.**

Deconstructive techniques remain safe and effective, with
good clinical and angiographic long-term outcomes.*> Nonethe-
less aneurysms may continue to grow due to hypertrophic vasa
vasorum and subadventitial hemorrhages. Surgical trapping with
bypass may be the only real curative deconstructive technique
because it circumvents these growth mechanisms.*® The overall
mortality rate has been reported to be 21.1%, and the surgical
mortality rate, 8.6%.*” On the other hand, reconstructive tech-
niques such as stent-assisted coiling have shown acceptable com-
plication rates, but 59%-87% recanalization rates.*® Still, most of
these series refer to patients with unruptured aneurysms, and lit-
erature regarding ruptured giant aneurysms is scarce.

In our series, 100% (2/2) of the giant aneurysms had an ad-
verse clinical outcome at discharge. One patient experienced dis-
abling embolic infarcts during the procedure, presumably from
mural thrombus dislodging after microcatheter manipulation
within the aneurysm sac. However, she had made a good recovery
on her last follow-up visit (GOS, 5). The other patient died from a
hemorrhagic complication, presumably an aneurysm rerupture,
despite the use of coils and a good inflow jet reduction (Fig 3).
McAuliffe and Wenderoth® reported their series of 11 recently
ruptured aneurysms treated with the PED, with 3 giant aneu-
rysms, 2 of which rebled, resulting in death. The reason for this
failure may be that flow-diverting stents do not seem to act as
pressure diverters*” and the aneurysmal wall still has to endure
hemodynamic stresses caused by the cardiac pulse wave. Given
these unfavorable outcomes, FDSs should be used with extreme
caution in acutely ruptured giant aneurysms or as a second-stage
treatment if parent vessel occlusion is not possible.

Despite the improvements in the management of aSAH, vaso-
spasm remains an important cause of morbidity and mortality,
with delayed ischemic neurologic deficits (symptomatic vaso-
spasm) in 17%-— 40%.%° In theory, after treatment with the PED,
vasospasm may promote thrombosis of the covered smaller
branches (ie, perforator arteries) because these remain more sen-
sitive to flow reduction.”">* These stents may also interfere with
the endovascular treatment of vasospasm if needed because bal-
loon angioplasty is not possible if a jailed branch is affected, leav-
ing intra-arterial drug injections (ie, nicardipine, milrinone) as
the only treatment alternative if medical therapy fails. This re-
mains a theoretic concern because evidence is scarce.

We acknowledge several limitations in our series. This is a
retrospective nonrandomized series with a small number of pa-
tients, with self-reported complication rates and outcomes. Treat-
ment protocols varied from center to center. Our series also in-
cluded different aneurysm subtypes and a wide range of severity at
clinical presentation. Still, it shows that the FDS may be a feasible
treatment strategy in the acute or subacute aSAH setting.

CONCLUSIONS

The FDS may be a feasible treatment option in the acute or sub-
acute setting of selected ruptured aneurysms, especially blister
aneurysms. Ruptured giant aneurysms remain challenging for
both surgical and endovascular techniques and, at this stage, FDSs
should be used with caution in this aneurysm subtype.
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