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ABSTRACT
SUMMARY: Five patients were found to have spontaneous delayed migration/shortening of their Pipeline Embolization Devices on
follow-up angiography. The device migrated proximally in 4 patients and distally in 1 patient. One patient had a subarachnoid hemorrhage
and died as a result of migration of the Pipeline Embolization Device, and another patient presented with complete MCA occlusion and
was left severely disabled. Mismatch in arterial diameter between inflow and outflow vessels was a constant finding. Migration of the
Pipeline Embolization Device was managed conservatively, with additional placement of the device, or with parent vessel occlusion.
Obtaining complete expansion of the embolization device by using a longer device, increasing vessel coverage, using adjunctive aneurysm
coiling, and avoiding dragging and stretching of the device are important preventive measures. Neurointerventionalists should be aware of
this potentially fatal complication and take all necessary preventive measures.

ABBREVIATIONS: PED � Pipeline Embolization Device; SHA � superior hypophyseal artery

The Pipeline Embolization Device (PED; Covidien/ev3, Irvine,

California) is a dedicated flow diverter designed to treat intra-

cranial aneurysms. Recent series have shown the PED to be a

reasonably safe and effective treatment.1-5 The risks for intracra-

nial hemorrhage, delayed aneurysm rupture, and thromboem-

bolic events have been major concerns with this approach.1-3,6,7

Additional complications are becoming evident, as the PED is

increasingly used for an expanding population of patients with

cerebral aneurysms. In this study, we report 5 cases of patients

with spontaneous delayed migration or shortening of the PED

and discuss the possible cause, implications, and management of

this serious and potentially fatal complication.

MATERIALS AND METHODS
Five patients treated with the PED in whom spontaneous delayed

migration or shortening of their devices developed were prospec-

tively identified. During the same period (from November 2010 –

January 2013), a total of 155 patients were treated with the PED at

our institution. The 5 cases of PED migration occurred late during

the study period (second half of the cohort).

PEDs were deployed through a Marksman microcatheter (ev3,

Irvine, California) by use of a triaxial guide-catheter system. The

maximal diameter in the predicted landing zone was determined,

and the PED was sized according to the width of the inflow vessel

to avoid any endoleak. The expansion of the PED was docu-

mented under fluoroscopy or with additional DynaCT angiogra-

phy (Siemens, Erlangen, Germany) at the operator’s discretion.

Representative Case Patients

Patient 1. A 50-year-old man with schizophrenia presented with

an unruptured left MCA (M1) aneurysm discovered during

work-up for severe cervical myelopathy. The aneurysm measured

12.7 � 11.6 mm; the diameter of the inflow vessel was 3.2 mm,

and the diameter of the outflow vessel was 2.5 mm. Given the

aneurysm size, wide-neck morphologic feature, and the patient’s

categoric refusal of open surgery, the decision was made to treat

the aneurysm with the PED. The patient was pretreated with as-

pirin and clopidogrel for 10 days. The patient was given a bolus of

heparin, and activated clotting time was maintained at 2–3 times

the baseline throughout the procedure. With use of a triaxial sys-

tem, a 3 � 16-mm PED was deployed across the neck of the

aneurysm, extending from the proximal superior division of the

M2 segment to the mid-M1 segment (Fig 1). A control cerebral

angiogram was performed and showed stasis within the aneu-

rysm. Five months later, the patient presented to the emergency
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department with an acute onset of right-sided hemiplegia. He had

not been compliant with the antiplatelet therapy. A noncontrast

head CT scan result was negative for hemorrhage, and CT angiog-

raphy demonstrated complete occlusion of the M1. CT perfusion

revealed a large area at risk, and the patient was transferred to the

angiography suite for mechanical thrombectomy. A left ICA in-

jection showed that the M1 segment of the MCA was completely

occluded. It is interesting to note that the PED had migrated dis-

tally, with the proximal end of the device now within the aneu-

rysm sac. There was no evidence of filling of the aneurysm. The

procedure was aborted at this point because it was felt that blind

navigation through the aneurysm sac would carry a high risk for

aneurysm perforation. The patient remained hemiplegic and was

discharged to rehabilitation.

Patient 2. A 46-year-old woman presented to our institution

with a 1-year history of visual loss. A visual field test revealed

right-sided homonymous hemianopsia, and MRA showed a

giant left supraclinoid ICA aneurysm. Flow diversion was

thought to be the most durable treatment of the aneurysm. The

patient was premedicated with aspirin and clopidogrel (Pla-

vix). On DSA, the aneurysm measured 2.8 � 2.3 cm with no

distinct neck; the inflow zone was slightly distal to the ophthal-

mic artery, and the outflow zone was posterolateral within the

aneurysm. There was delayed filling of the anterior and middle

cerebral arteries caused by aneurysmal blood steal. A 4.25 �

30-mm PED was deployed from the mid-M1 segment (diame-

ter, 1.9 mm) to the proximal cavernous ICA (diameter, 3.8

mm) (Fig 2). Control angiography showed significant contrast

stasis in the entire aneurysm with excellent filling of the ante-

rior and middle cerebral arteries. The

patient was neurologically intact after

the procedure, but on postoperative day

3 she experienced right-sided hemiple-

gia with severe headaches. A noncontrast

head CT scan was performed emergently

and showed extensive subarachnoid hem-

orrhage. She underwent emergent reversal

of antiplatelet therapy with placement of a

right frontal ventriculostomy and was taken

for subsequent angiography. On DSA, there

was evidence of proximal PED migration,

with displacement of the distal limb of the

device now located centrally within the

aneurysm sac and diverting the flow jet

directly into the dome of the aneurysm.

There was also evidence of a new rup-

ture site on the aneurysmal dome (fac-

ing the distal end of the device). Several

coils were deployed inside the aneu-

rysm, and the decision was made to de-

construct the parent artery to prevent a

new catastrophic hemorrhage. The left

ICA was successfully occluded with a

combination of coils and Onyx 34 (ev3).

A control cerebral angiogram showed

no filling of the left ICA and aneurysm.

Despite maximal medical intervention,

the patient experienced uncontrollable intracranial pressure

and rapidly progressed to brain death.

Patient 3. A 41-year-old woman presented to our institution for

evaluation and treatment of 2 incidentally discovered aneurysms

arising from the left superior hypophyseal segment and the left cav-

ernous segment of the ICA. The aneurysm of the superior hypophy-

seal artery (SHA) measured 6.43 � 6.97 mm with a neck of 3.6 mm,

and the cavernous aneurysm measured 2.97�3.63 mm with a 3-mm

neck. The diameter of the petrous segment of the ICA was 4.1 mm,

and the diameter of the paraclinoid segment was 2.7 mm. The deci-

sion was made to treat both aneurysms with a flow-diversion tech-

nique by use of the PED. The patient was prescribed aspirin and

clopidogrel. With use of a triaxial system, a 4 � 25-mm PED was

deployed across the aneurysms without difficulty, extending from

the paraclinoid segment of the ICA to the petrous segment (Fig 3).

Control angiography demonstrated adequate PED placement with

contrast stasis in the SHA aneurysm. DynaCT was subsequently per-

formed, demonstrating adequate stent apposition to the vessel wall

with covering of the necks of both aneurysms. The procedure and

postoperative course were uneventful, and the patient was dis-

charged on the following day. Follow-up angiography 4 months later

showed that the distal portion of the PED had migrated slightly prox-

imally, with the neck of the SHA aneurysm no longer covered by the

device. There was complete filling of the SHA aneurysm, with no

contrast stasis. The cavernous aneurysm had completely resolved.

The patient was scheduled for subsequent embolization.

Patient 4. A 61-year-old woman with increasing retro-orbital

pain from a large right cavernous ICA aneurysm underwent un-

FIG 1. A, Angiogram after deployment of a PED extending from the proximal superior division of
the M2 segment to the mid-M1 segment. B, Angiogram showing complete MCA occlusion 5
months later with distal PED migration.
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eventful treatment of her aneurysm with the PED (Fig 4). There

was significant mismatch in arterial diameter (� 1 mm) between

the inflow and outflow vessels. At 5 months after the procedure,

the patient’s symptoms recurred. On the 6-month follow-up an-

giography, there was proximal PED migration, with the distal end

of the device projecting directly into the aneurysm and creating a

jet of contrast against the aneurysm sac. A second, overlapping

PED was successfully deployed within the first PED to cover the

neck of the aneurysm. Six weeks later, the patient’s symptoms

had completely resolved and a fol-

low-up CT angiogram showed complete

obliteration of the aneurysm.

Patient 5. A 71-year-old woman pre-

sented for treatment of a symptomatic an-

eurysm of the left cavernous ICA measur-

ing 16.5 mm. The diameter of the inflow

vessel was 4.4 mm, and the diameter of the

outflow vessel was 4.2 mm. It was decided

to treat the aneurysm with flow diversion.

A 4.5 � 18-mm PED was deployed across

the aneurysm without difficulty, extend-

ing from the immediate pregenu portion

to the midvertical segment of the cavern-

ous ICA. A control angiogram demon-

strated contrast stasis within the aneu-

rysm, with adequate stent apposition to

the vessel wall. A subsequent angiogram 1 day later showed com-

plete occlusion of the aneurysm. The postoperative course was

uneventful, and the patient was discharged neurologically intact.

She remained asymptomatic and returned 7 months later for fol-

low-up angiography. On DSA, there was complete filling of the

aneurysm sac and the PED had migrated proximally. The migra-

tion distance was 7.5 mm. A second, overlapping 5 � 30-mm PED

was subsequently deployed beyond the first stent to bridge the

neck of the aneurysm and disrupt the inflow jet.

FIG 2. A, Angiogram showing a PED that was
deployed from the mid-M1 segment to the
proximal cavernous ICA. B, DSA showing
proximal PED migration. Note the new rup-
ture site on the aneurysmal dome facing the
displaced PED. C, Noncontrast head CT scan
on postoperative day 3 showing an exten-
sive subarachnoid hemorrhage, with dis-
placement of the distal limb of the device
now located centrally within the aneurysmal
sac.

FIG 3. A, A PED is deployed across 2 aneurysms extending from the petrous segment to the
paraclinoid segment of the ICA. B, Follow-up angiography 4 months later showing that the distal
portion of the PED had migrated slightly proximally, with the neck of the SHA aneurysm no
longer covered by the device.
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DISCUSSION
Several groups have recently reported their experience with the

PED. In most series, remarkably high rates of aneurysm occlusion

were achieved at follow-up with an acceptable risk for major com-

plications.1-5 Some authors, based on favorable results from non-

controlled series, have even recommended the PED as a first-line

option for unruptured aneurysms.3 Long-term safety results,

however, are lacking and new complications have been emerging

as neurointerventionalists accumulate experience with the device.

The phenomenon of delayed migration or shortening of the PED

has not been described in previously published series.

In this study, we have reported 5 cases of patients with spon-

taneous delayed migration or shortening of the PED (Table). In

most cases, the PED migrated proximally (patients 2–5), and

there was a significant difference in luminal diameter between

inflow and outflow vessels. This may have produced a constant

retrograde squeezing force at the distal end of the PED causing it

to “watermelon-seed” backward into the aneurysm sac. Also,

given the vertical position of the ICA, the weight of the device may

have dragged the construct downward. The PED migration may

also be at least in part the result of an “accordion effect,” a phe-

nomenon of foreshortening of a device that was possibly stretched

during deployment. This is particularly true in patients 1, 2, and 5

where the PED moved from its initial position because of device

shortening rather than migration. In patient 1, the PED moved

distally due to shortening because it was probably better anchored

distally than it was proximally.

The incidence of spontaneous migration seems to be higher

with the PED (5/155, 3.2%) than other self-expanding stents such

as the Neuroform (Stryker Neurovascu-

lar, Fremont, California) (no cases previ-

ously reported) or Enterprise (Codman &

Shurtleff, Raynham, Massachusetts)

(only 6 cases previously reported).8 The

PED is particularly vulnerable to the phe-

nomenon of spontaneous migration be-

cause it is a low-porosity stent, which fa-

cilitates the transmission of a force

exerted at one end of the device to the

other end.9-10 The migration of the PED is

somewhat similar to the migration of En-

terprise stents. Previous cases have in-

volved Enterprise stents deployed from

the midbasilar artery to the P1 segment of

the posterior cerebral artery during treat-

ment of basilar tip aneurysms.10-15 The

migration was primarily attributed to the

diameter difference between the basilar artery and the P1 segment

of the posterior cerebral artery. Lubicz et al16 previously described

the delayed migration of a Silk stent (Balt Extrusion, Montmor-

ency, France) in a patient with a giant saccular carotid ophthalmic

aneurysm. The patient had a massive SAH as a result of the mi-

gration and died.

Our present series shows that PED migration can occur both

early and late after treatment. In patient 2, the migration occurred

within 72 hours. Conversely, in patient 4 the migration likely

occurred several months after the initial intervention, as sug-

gested by the recurrence of the patient’s symptoms at 5 months.

Although PED migration was uneventful in 3 patients, it was

associated with fatal or severely disabling complications in 2 pa-

tients. In patient 2, the distal end of the PED migrated proximally

into the aneurysm sac, creating a direct jet of blood against the

aneurysm wall and precipitating aneurysm rupture. This occur-

rence is further supported by the observation that the rupture site

on the aneurysmal dome was directly facing the distal end of the

device. In patient 1, the patient presented with complete occlu-

sion of the MCA, but it is not clear whether this event was related

to the distal migration of the PED. Still, the device migration into

the aneurysmal sac precluded any attempt at mechanical throm-

bolysis, and the procedure had to be aborted because of the high

risk for iatrogenic aneurysm perforation (thus preventing poten-

tial neurologic recovery).

The following precautions should be taken to minimize the

occurrence of spontaneous delayed PED migration or shortening,

especially if there is a mismatch in diameter between inflow and

outflow vessels:

1. Obtaining complete expansion of the PED with optimal vessel

wall apposition. Accurate sizing of the PED is of utmost im-

portance. DynaCT may be useful to confirm adequate apposi-

tion of the device to the vessel wall.

2. Using longer PEDs to prevent excessive foreshortening. In ad-

dition, the conveyance of retrograde forces is lower with longer

stents.9,10 Increasing vessel coverage proximally and/or distally

to the aneurysm may also be helpful. A second stent can be

deployed to increase vessel coverage when needed. One could

FIG 4. A, Angiogram showing the initial position of the PED; the distal end is at the clinoid
segment. B, Angiogram showing proximal migration of the PED; the distal end of the device is
now within the aneurysmal sac.

PED migration characteristics

Patient
No.

Length of PED Extending
to Aneurysm (mm) Migration

Distance
(mm)

Migration of
Proximal or
Distal End

of PED?
Proximal to
Aneurysm

Distal to
Aneurysm

1 7 6 9 Proximal
2 10 15 20 Distal
3 15 3 5 Distal
4 10 7 �10 Distal and proximal
5 13 3.5 7.5 Distal
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argue in retrospect that PED deployment was too proximal in

patients 3 and 5 and was too distal in patient 1.

3. Avoidance of dragging of the PED to prevent foreshortening.

Instead of going in distally and dragging the device proximally

into the landing zone, it would be preferable to go directly into

the landing zone to detach and deploy the device.

4. Avoidance of stretching of the PED during deployment to pre-

vent the “accordion effect.”

5. Adjunctive aneurysm coiling, as this may prevent prolapse of

the PED into the aneurysm for larger aneurysms.

We have recently applied these precautions, and we will assess in a

future study whether they can lead to a significant decrease in the

incidence of PED migration or shortening.

PED migration is best managed by placing additional PEDs to

achieve complete coverage of the aneurysm and divert the blood

flow away from the aneurysmal sac. A J-shaped guidewire is

passed through the migrated stent and is navigated directly into

the distal ICA. This is followed by deployment of 1 or more PEDs

as necessary until the parent vessel is reconstructed. If the proxi-

mal part of the device has migrated into the aneurysmal sac and

attempts to recatheterize the PED have failed, retrograde access of

the PED is gained from the distal ICA through a microwire ad-

vanced from the basilar artery through the posterior communi-

cating artery or from the contralateral ICA through the anterior

communicating artery.17 Endovascular parent vessel deconstruc-

tion or surgical ligation, when tolerated, is an alternative strategy

to manage PED migration. In the setting of subarachnoid hemor-

rhage, as in patient 2, the goal of treatment is to obtain immediate

occlusion of the aneurysmal sac and/or the parent vessel.

CONCLUSIONS
Spontaneous delayed migration or shortening of the PED is a

serious and potentially fatal complication. The device may mi-

grate proximally or distally and result in aneurysmal rupture or

thrombotic events. The migration may occur both early and late

after treatment. Obtaining complete expansion of the PED by

using longer PEDs, increasing vessel coverage, using adjunctive

aneurysm coiling, and avoiding dragging and stretching of the

PED are important preventive measures. Neurointerventionalists

should be aware of this undesirable phenomenon and take all

necessary preventive measures. If any concern arises regarding the

position of the PED, early imaging follow-up may be indicated.

Disclosures: Stavropoula Tjoumakaris—UNRELATED: Consultancy: Stryker. Pascal
Jabbour—UNRELATED: Consultancy: ev3, CNV.
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