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ABSTRACT

BACKGROUNDANDPURPOSE: Alleviation of aneurysm inducedmass effect has been difficult with both conventional endovascular and
surgical techniques. Our aim was to study the efficacy of endovascular flow modification on aneurysm-induced mass effect and com-
pression syndrome, as demonstrated by cross-sectional imaging studies and clinical follow-up.

MATERIALS AND METHODS: Thirty aneurysms larger than 10 mm were treated by flow diversion alone and previously had undergone
pre- and posttreatment cross-sectional imaging. Pretreatment MR imaging or contrast CT, follow-up angiography at 6 months, and
follow-up MR imaging studies between 6 and 18 months were retrospectively analyzed. The neurologic and neuro-ophthalmologic
statuses of all patients were recorded before treatment and at the time of follow-up cross-sectional imaging.

RESULTS: At 6 months, 28 aneurysms were completely occluded, 1 had a neck remnant, and 1 had residual filling on angiography. Between
6 and 18months, 3 aneurysms decreased in size and 27 completely collapsed as demonstrated onMR imaging. Before treatment, 6 patients
had vision loss, 10 had double vision due to a third or sixth nerve palsy or both, and 1 had hemiparesis due to brain stem compression. On
MR imaging follow-up, vision loss had either improved or resolved in all except 1 patient, double vision had resolved completely (7/10) or
partially (3/10), and the patient with brain stem compression became asymptomatic. There was no bleeding observed in this series. One
parent artery thrombosis resulted in a major infarct.

CONCLUSIONS: Endovascular flow diversion is a highly effective technique for resolving radiologic mass effect and clinical compression
syndromes.

ABBREVIATIONS: FD� flow diverter; GP IIb/IIIa� glycoprotein IIb/IIIa; PED� Pipeline Embolization Device; PUFS� Pipeline for Uncoilable or Failed Aneurysms

Large and giant intracranial aneurysms pose an increased health

risk due to a high incidence of rupture1,2 and resultant neuro-

logic deficits caused by compression of neighboring neural struc-

tures.3 Successful treatment of aneurysms presenting with mass

effect is limited by high surgical morbidity4,5 and low endovascu-

lar efficacy, due to a high rate of incomplete occlusion and recur-

rence.6,7 Parent artery occlusion is effective but restricted to an-

eurysms with sufficient collateral circulation.8,9 Surgical bypass

can potentially compensate for the lack of collaterals but adds

substantial morbidity.10,11 Modification of flow within the parent

artery is a method that attempts to reduce intra-aneurysmal cir-

culation, leading to aneurysm thrombosis. Reports published to

date demonstrate a very high rate of complete and stable occlu-

sion of aneurysms that were considered difficult or impossible to

treat by conventional endovascular techniques.12-17 Collapse of

large and giant aneurysms has also been observed.13 The purpose

of this work was to analyze the effect of flow modification on the

radiologic mass effect and clinical compression syndromes in-

duced by large and giant aneurysms.

MATERIALS AND METHODS
Ninety-eight aneurysms in 81 patients were treated at a single

center with flow diversion by using either the PED (Covidien/ev3,

Irvine, California) (97 aneurysms) or the Silk stent (Balt Extru-

sion, Montmorency, France) (1 aneurysm) from 2006 to 2011. All

subjects were treated under institutional review board–approved

protocols as part of the Pipeline Embolization Device for the In-

tracranial Treatment of Aneurysms Trial study,15 the PUFS

study,18 or the Reconstructive Aneurysm Treatment study (un-
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published); informed consent was obtained from all subjects. To

properly evaluate the effect of flow diversion alone, we excluded

from the current analysis aneurysms that had coils in their sacs

because they were either previously treated or packed during the

FD treatment. For the purpose of this study, the aneurysms that

were selected had a diameter larger than 10 mm, were treated by

flow diversion alone (ie, without coils), and previously had the

following imaging studies: cross-sectional imaging either by MR

imaging or contrast CT before treatment; follow-up angiography

at 6 months; and T1WI, T2WI, and time-of-flight MRA between

2 and 18 months. Twelve aneurysms were studied by MR imaging

at 3 months, and all, between 12 and 18 months after treatment.

All these patients had a neurologic and/or neuro-ophthalmologic

evaluation before treatment and at the time of follow-up cross-

sectional imaging. Clinical and imaging records were evaluated

retrospectively.

RESULTS
Thirty aneurysms were identified in 27 patients.

Indications. One patient was treated for an incidentally discov-

ered aneurysm. Twelve patients presented with headaches, and

17, with neurologic symptoms related to their aneurysms. Among

those, 1 patient had hemiparesis due to brain stem compression, 6

had vision loss of different degrees related to optic nerve or chi-

asm compression, and 10 had diplopia related to either third (n �

3) or sixth (n � 2) cranial nerve palsy or both (n � 5).

Aneurysm Characteristics
Twenty-nine aneurysms were located on the ICA, and 1, on the

basilar trunk. ICA aneurysms either involved the cavernous (n �

10) or the paraophthalmic (n � 16) segment of the ICA or arose at

the origin of either the superior hypophyseal artery (n � 1) or the

posterior communicating artery (n � 1). Sixteen aneurysms had a

diameter between 10 and 20 mm, 12 measured 20 –30 mm, and 2

were �30 mm in diameter. The mean aneurysm size was 18.9

mm, and the mean neck size was 9.7 mm. Three of the 30 aneu-

rysms were fusiform. Two aneurysms of the ICA demonstrated

calcifications in their wall on CT.

Procedural Technique
All patients were pretreated with oral aspirin (either 100 or 300

mg/day) and clopidogrel (75 mg/day) for a minimum of 4 days

before the procedure. All subjects were intravenously heparinized

during the endovascular procedure to reach an activated clotting

time of twice their baseline level. No additional heparin was used

following the procedure, except in cases of intraprocedural

thrombotic complications.

For flow diversion, the PED (Covidien/ev3) was used in 29

aneurysms, and a combination of a LEO and a Silk stent (Balt

Extrusion), in 1 case. A single-layer FD was used in 1 case (the

aneurysm was located at the posterior communicating artery or-

igin), and the aneurysm neck was covered with 2 layers in 18 cases.

Three coaxial layers were used in 8 cases, and 4 layers, in 1 case. A

long FD construct was built to cover the lengths of fusiform an-

eurysms by using 5 pieces in one case and 15 pieces in another

case. All patients were maintained on double antiplatelet treat-

ment for 1.5–3 months. Steroids were not routinely administered

perioperatively, but subjects with aggravated postprocedure

symptoms received methylprednisolone, 2 � 250 mg/day for 2–3

days, with a gradually tapering dose for an additional 10 –14 days.

Complications
As a technical complication, incomplete vessel wall apposition

was observed in 1 case and was corrected with balloon dilation.

In-stent thrombosis occurred during the procedure in 2 cases and

was resolved by thrombolysis with application of both tissue plas-

minogen activator and GP IIb/IIIa inhibitor in one case and GP

IIb/IIIa inhibitor only in another case. Subacute occlusion of the

parent artery occurred in 1 case 2 days postprocedure, resulting in

transient hemiparesis. This was not treated due to good collateral

circulation, and it later recanalized spontaneously. Delayed occlu-

sion resulting in hemiparesis was found in 1 case 3 months after

treatment. Overall, transient neurologic deficit occurred in 2 pa-

tients, and a permanent deficit occurred in 1 patient.

Angiographic Follow-Up
All aneurysms were followed by angiography at 6 months. In ad-

dition, 13 aneurysms underwent follow-up angiographies at 1

FIG 1. Complete angiographic occlusion of a paraophthalmic aneurysm and aneurysm collapse following FD treatment.A, Large paraophthalmic
aneurysm (arrow) causing optic nerve neuropathy on DSA, lateral view. The patient’s visual acuity was 0.4. B, Complete angiographic occlusion
of the aneurysm and reconstruction of the parent artery (arrow) 6 months after treatment with a PED. The patient’s visual acuity was 0.5. C, The
same aneurysm demonstrated by T2WI with mass effect (arrow) and mixed signal intensity. D, Lack of signal void within the aneurysm on T2WI
in the same patient 2months later indicates aneurysm thrombosis. The size of the aneurysm and relatedmass effect remain unchanged (arrow).
Optic nerve neuropathy progressed; the patient’s visual acuity was 0.1. E, T2WI in the same patient demonstrates aneurysm collapse and
elimination of mass effect at 18 months after treatment. The patient’s visual acuity at this point was 0.9.
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year, 12 due to the follow-up protocol of the PUFS study and 1

because the 6-month angiogram demonstrated a nonsignificant

clinically silent narrowing of the parent artery. At 6 months, 28

(93.3%) aneurysms were completely occluded (Fig 1A, -B), 1

(3.3%) had partial aneurysm filling (Fig 2A, -B), and 1 (3.3%) had

a neck remnant. Of the 13 aneurysms that had 1-year follow-up

angiography, 12 (92.3%) had complete angiographic occlusion

and 1 (7.7%) had a neck remnant.

MR Imaging Follow-Up
The last follow-up MR imaging study between 2 and 18 months

demonstrated complete collapse of the aneurysm in 27 cases (Fig

1C, -D) and reduction of the aneurysm size in 2 cases (9 and 18

months posttreatment), and the aneurysm remained unchanged

in 1 case at 18 months (Fig 2C, -D). Regardless of the timing of the

study, in aneurysms that did not yet fully collapse, no flow signal

was detected by the time-of-flight MRA, but high signal intensity

was found on the T2-weighted images within the aneurysm sac

(Fig 2).

Clinical Outcomes
Four patients had temporary aggravation of their symptoms re-

quiring steroid therapy. One had worsening headaches 2 weeks

after treatment, which lasted for 3 weeks. Two patients had fur-

ther deterioration of visual acuity 8 weeks later (Fig 1), and 1

additional patient exhibited progression of her third cranial nerve

palsy and a new sixth cranial nerve palsy 5 days postprocedure. All

these patients had their aneurysms on the cavernous or paraoph-

thalmic section of the carotid artery. Despite aggressive steroid

therapy, these aggravated cranial nerve symptoms only started

improving after 6 months. Altogether, among the 6 patients pre-

senting with vision loss, the mean visual acuity improved from 0.3

to 0.8 on a scale of 0.0 –1.0 by the last follow-up. In 3 cases, vision

as low as 0.1– 0.4 normalized to 1.0. In another 2 cases, vision

improved from as low as finger counting only to quantifiable vi-

sion of 0.6 and from 0.3 to 0.8. In 1 case in which the aneurysm

was incompletely occluded on angiography and did not collapse

as seen on MR imaging, the patient’s visual acuity slightly deteri-

orated from 0.2 to 0.1 (Fig 2). All 10 subjects who had presented

with diplopia improved: Seven were completely cured, and 3 had

minor diplopia at the time of the last MR imaging follow-up. Two

of the minor diplopia cases were related to a residual partial third

nerve palsy, and 1 was caused by residual dysfunction of both the

third and sixth nerves. Hemiparesis in 1 patient presenting with

brain stem compression was relieved completely by 6 months

after treatment.

DISCUSSION
Large and giant aneurysms represent a challenge for both surgical

and endovascular approaches. Such aneurysms often present with

mass effect and corresponding compression syndrome on the

neighboring neural tissue. Therefore, the goal of treatment is not

only to prevent rupture but also to reduce the pulsating mass and

eliminate the associated mass effect. Unfortunately, this goal is

difficult to achieve by conventional endovascular techniques.

Packing of the aneurysm with soft coils can reduce the pulsation

on the surrounding tissue only if the neck of the aneurysm is

completely sealed. Because most of these aneurysms typically have

a broad neck, such complete sealing is very difficult if not impos-

sible to achieve, resulting in the low observed efficacy of coil pack-

ing in relieving compression symptoms3,6,7 and the high rate of

recanalization.3 Embolization by using liquid embolics may pro-

vide better long-term stability19; however, such embolization

turns a soft pulsating mass into a hard volume that, even if com-

pletely occluding the aneurysm, transfers the pulsation of the par-

ent artery to the surrounding tissue.20 Surgical treatment is con-

sidered superior in cases of compression syndromes because it is

capable of immediate decompression of the neural tissue. How-

ever, surgery is made difficult by the large mass of the aneurysm,

often requiring temporary clipping or proximal balloon occlusion

and necessitating induced hypothermia or even cardiac arrest

during surgery.21,22 Despite these difficulties, the efficacy of direct

surgery in eliminating cranial nerve symptoms remains limited.23

Many of these aneurysms are repaired by bypass surgery rather

than by clipping.24-28 While this technique can be performed

without interrupting antegrade blood flow, the rate of morbidity-

mortality associated with the method is considerable.11 The lim-

ited success of conventional techniques justifies the search for

safer and more effective treatment options.

FIG 2. Incomplete angiographic occlusion and remaining mass effect following FD treatment. A, A large bilobulated paraophthalmic aneurysm
(arrows) causing optic nerve compression as demonstrated by DSA, lateral view. B, DSA, lateral view 6 months after PED treatment. The arrow
indicates residual filling in the lower lobule of the aneurysm.C, T2WI showsmixed signal intensity inside the aneurysm (arrow) before treatment.
The patient’s visual acuity was 0.2. D, T2WI 18 months after treatment demonstrates high T2 signal inside the aneurysm. The low-signal rim was
related to aneurysm wall calcification, and the aneurysm size remained unchanged. The patient’s visual acuity deteriorated slightly (0.1).
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Flow diversion by using high-mesh-attenuation intraluminal

endoprostheses, the newest advance in endovascular aneurysm

therapy, has been recently introduced.13-16,29 The primary goal of

diverting flow away from the aneurysm cavity is to allow the an-

eurysm to thrombose and the intima of the parent artery to cover

the neck of the aneurysm once flow through the neck has ceased.

Early reports suggest that in addition to better primary occlusion

rates and improved long-term stability, this technique is capable

of effectively eliminating mass effect and related compression

symptoms.13 More recently, Piano et al30 reported shrinkage of

the aneurysm following flow diversion in 61% of cases that were

available for assessment.

In contrast to these favorable results, temporary aggravation

of compression-related craniopathies may occur.14 In addition,

delayed rupture of FD-treated large and giant aneurysms has been

reported.31,32 In a voluntary self-audited survey conducted by the

European Society of Minimally Invasive Neurologic Therapy, de-

layed rupture was found in 0.96% of 1421 aneurysms but in 2.1%

of large and giant lesions.33 Flow diversion is further complicated

by the necessity of aggressive antithrombotic treatment and po-

tential thrombosis of the parent artery in the case of insufficient

antiaggregation.

The present report focuses on the radiologic and clinical ef-

fects of endoluminal flow alteration on large and giant aneurysms

treated solely by the FD technique. Cases were retrospectively

selected from a consecutive series of 98 aneurysms that were

treated with FD for various indications in our institution. Only

aneurysms that were larger than 10 mm and treated without

coils were included. The 6-month and 1-year angiographic oc-

clusion rates were similar to those reported in other flow di-

version studies,13-15 and clinical outcomes closely matched ra-

diologic findings.

On posttreatment MR imaging follow-up, 27 of 30 aneurysms

(90%) collapsed completely. In another 3 cases (10%), the aneu-

rysm shrank but did not fully disappear. In 2 of those cases, image

analysis disclosed a heavily calcified aneurysm wall (Fig 2C, -D).

The rigid, calcified wall of the aneurysm may prevent or delay

collapse even if there is no flow inside the sac. In 1 case, some

shrinkage of the sac was first detected 8 months after treatment

even though the aneurysm was completely occluded on angiogra-

phy at 6 months. Despite every effort (including aggressive steroid

treatment), the patient’s visual acuity, which deteriorated 8 weeks

after treatment, only started to improve at this time. The visual

acuity finally improved from the pretreatment status of 0.4 – 0.25

to 0.8 – 0.8. In the other case, the role of wall calcification could

not be evaluated because complete aneurysm occlusion was not

achieved and the aneurysm had residual flow at 6-month angiog-

raphy. In this case, no aneurysm shrinkage was detected and the

sac did not lose its mixed high T1WI-T2WI signal intensity. This

patient’s visual acuity slightly deteriorated from 0.2 to 0.1 (Fig 2).

In the third case, the ICA was occluded following bridging of a

giant fusiform carotid cavernous aneurysm by using a long con-

struct of PEDs. In this case, the size of the aneurysm decreased but

it did not fully disappear, though the associated double vision had

resolved.

In 27 cases, complete angiographic occlusion was achieved

with the exception of a very small neck remnant. The aneurysms

completely collapsed and became isointense. In all of these cases,

the relevant cranial nerve compression symptoms either im-

proved or resolved completely. All subjects in this series were

treated in a single session, and none have been retreated.

FDs are thought to be effective by reducing blood flow through

the aneurysm orifice. Similar to other stents, the implanted FD

induces neointimal growth over its surface. Once blood flow en-

tering and exiting the aneurysm has been substantially reduced,

the neointimal layer may completely cover the orifice and seal the

aneurysm from the parent artery. Reduced flow within the sac

initiates thrombosis. During the acute stage of thrombosis, the

aneurysm mass may increase in size, further increasing the asso-

ciated mass effect34,35 and possibly leading to temporary aggrava-

tion of related clinical symptoms, as observed in 4 of 27 patients in

our series, thereby necessitating the application of high-dose cor-

ticosteroids. The reduction of mass effect is expected by cessation

of aneurysm pulsation and collapse of the mass of the aneurysm,

which later requires thrombus organization that may take weeks

to months following complete cessation of intra-aneurysmal flow.

In our study, aneurysm shrinkage was seen as early as 3 months

and as late as 8 months after treatment. Lack of aneurysm filling

on angiography was paralleled by a reduction of aneurysm size on

MR imaging in most (but not all) cases. Clinical symptoms, how-

ever, did not improve until the aneurysm started shrinking and

losing its mixed signal intensity on MR imaging. Angiographic

occlusion after FD treatment indicates redirection of flow into the

parent artery but does not demonstrate completion of intra-an-

eurysmal thrombosis.

There were no delayed hemorrhagic complications reported in

this series. Acute in-stent thrombosis occurred in 2 cases, both of

which were successfully resolved by thrombolysis. The parent ar-

tery occluded during the subacute phase in 1 case and later re-

canalized completely. In-stent thrombosis was attributed to the

patient’s noncompliance in taking antiplatelets. An ICA occluded

in a delayed fashion and could not be recanalized, which was

attributed to premature cessation of clopidogrel 3 months after

treatment of a giant and (more important) fusiform aneurysm.

Such aneurysms likely require much longer times to endothelial-

ize compared with berry aneurysms.

CONCLUSIONS
In this small series, FD treatment was highly effective in eliminat-

ing radiologic mass effect and resolving related clinical symptoms.

Clinical improvement is expected only after aneurysm shrinkage

or collapse. Angiographic occlusion indicates a lack of flow

through the aneurysm orifice, but complete thrombosis may take

considerably longer. MR imaging studies are strongly suggested in

the follow-up of FD-treated aneurysms, especially when aneu-

rysm-associated symptoms do not resolve.
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