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Abstract We report the microsurgical rescue and removal of
a Pipeline stent embolization of a giant internal carotid artery
terminus aneurysm. After the initial placement of a Pipeline
Embolization Device (PED), it migrated proximally to the
cavernous carotid with the distal end free in the middle of
the aneurysm, resulting in only partial aneurysm neck cover-
age. The patient underwent microsurgical rescue with trap-
ping, bypass, and opening of the aneurysmwith PED removal.
The vessel remained patent in the proximal segment previous-
ly covered by the Pipeline stent. Microsurgical rescue for de-
finitive aneurysm treatment with PED removal can be safe and
effective for aneurysms unsuccessfully treated with PED.
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Introduction

Multiple studies have demonstrated the revolutionary success
of the Pipeline Embolization Device (PED; Covidien,
Plymouth, MN) for treatment of complex and challenging

cerebral aneurysms, including aneurysms that have failed pre-
vious treatment [3, 4, 6, 12–17, 19, 20]. Overall PED compli-
cation rates have ranged from 5.0 to 31.7 %, but the rate of
major morbidity has been reported to be only 5 %, with a
mortality rate of 1 %, while often treating cases that would
be extremely difficult to treat with microsurgery and that have
failed other endovascular treatments [8, 20]. The U.S. Food
and Drug Administration has given approval for the use of the
PED in the petrous to supraclinoid internal carotid artery
(ICA), but off-label PED use in other intracranial vasculature
is ubiquitous and well-reported in the literature with good
outcomes [5, 10, 17, 18].

Microsurgical rescue of failed endovascular treatment of
cerebral aneurysms is not uncommon; a recent meta-analysis
listed 29 reports with a total of 375 microsurgical clippings for
previously coiled aneurysms over the past 23 years [2].
Almost all of these rescue operations (>90 %) were for either
partially occluded or recurrent aneurysm formation [2]. To the
best of our knowledge, successful microsurgical rescue treat-
ment with PED removal has never been reported. We present
here a case of successful microsurgical rescue treatment to
demonstrate that PEDs can be removed safely with microsur-
gery and that the vessel can remain patent after PED
removal.

Case report

Clinical presentation

A 58-year-old woman presented with a 6-month history of
progressively worsening visual deficits that was treated with
two recent cataract and lens surgeries that failed to provide any
visual improvement. She also reported a month of intermittent
severe headaches with associated vertigo, nausea, and occa-
sional emesis. Her visual fields, color perception, and depth
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perception were all significantly affected, which severely lim-
ited her ability as a truck driver. Therefore, her primary care
physician ordered an outpatient magnetic resonance imaging
(MRI) exam, which revealed a giant ICA terminus aneurysm
(Fig. 1a–c), prompting the patient to present to the emergency
room. Her physical examination revealed significant right-
sided visual impairment, but no other neurological
abnormalities.

Endovascular course

The patient was admitted and underwent a diagnostic cerebral
angiogram, which verified the giant right ICA terminus aneu-
rysm of 3×2.2 cm (Fig. 1d–f). The patient desired to avoid
surgery if possible and therefore we elected for endovascular
treatment with PED placement. She was given 325 mg aspirin
and 75 mg clopidogrel by mouth daily and underwent PED
placement 3 days later (Fig. 2). Access was gained using a 6-F
shuttle (Cook, Bloomington, IN) and a 058 Navien (Covidien)
intermediate catheter. A Marksman microcatheter (Covidien)
was placed in the M2 branch. A 4.75×35-mm PED was then
placed from the M1 segment into the cavernous segment,
completely covering the neck of the aneurysm; however, op-
timal wall apposition of the device could not be achieved
during placement, and as a result, a 4×11 Scepter XC balloon
(Microvention, Tustin, CA) was used to angioplasty the de-
vice for optimal wall opposition. During angioplasty the distal
aspect of the PED foreshortened and continued to foreshorten

even after angioplasty and wall apposition was achieved. The
distal end of the PED retracted into the dome of the aneu-
rysm. Access was gained again with the Marksman
microcatheter, and the M2 segment was selectively cathe-
terized. A second Pipeline device measuring 4.75×25 was
advanced. Despite our best efforts, the second telescoping
device could not be opened distally and the device could
not be released from its capture coil. At this point, a dis-
section of a 360-degree loop in the cervical carotid needed
to be stented after removal of the Navien catheter, and a
decision was made to abandon the procedure. Five days
later, a second attempt at placing a telescoping Pipeline
device from the M1 segment into the previous device had
to be abandoned because of the difficulty in passing the
stented dissection in the cervical carotid artery. The patient
failed a balloon occlusion test.

Operative course

The patient returned 3 days prior to her planned surgery date
with an acute episode of thunderclap headache, extreme ver-
tigo, persistent nausea, and multiple episodes of emesis.
Computed tomography (CT) angiography revealed acute par-
tial aneurysm thrombosis of the area covered by the PED
(Fig. 3). The patient was started on a heparin drip to prevent
further acute thrombotic complications, and she was taken to
the operating room for right pterional craniotomy for trapping
and bypass of this complex giant right ICA aneurysm with

Fig. 1 a Sagittal midline T1-
weighted MRI showing a
circumscribed suprasellar mass. b
Axial and c coronal contrast-
enhanced MRIs demonstrating
avid homogenous circumscribed
suprasellar lesion consistent with
a right carotid terminus aneurysm.
d Anteroposterior and e lateral
diagnostic cerebral angiograms
showing giant right ICA terminus
aneurysm. The aneurysm
occupies the majority of the wall
of the artery. f Three-dimensional
reconstruction from the
diagnostic cerebral angiogram
showing giant right ICA terminus
aneurysm
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external carotid artery (ECA)–to–middle cerebral artery
(MCA) bypass with a saphenous vein graft. Proximal control
in the neck was planned with carotid exposure and placement
of vessel loops around the right common, external carotid, and
internal carotid arteries. Critical portions of the operations are
presented in the accompanying video (Video 1). The ECAwas
dissected and prepared for bypass. A saphenous vein graft was
used to anastomose the ECA (end-to-end) to M2 after the
saphenous graft was passed from the neck intracranially
through a small hole in the skull base created by drilling lateral
to foramen ovale in the skull base [7]. The distal aneurysm clip
was placed just distal to the distal aneurysm neck, and tempo-
rary proximal control was obtained with temporary ligation of
the proximal right ICA in the neck. The aneurysm was incised
with a no. 11 blade so that the thrombus and the PED–stent
were both removed (Video 1). The aneurysm thrombus was
resected to allow for optic nerve decompression. The
aneurysm-involved vessel segment was completely trapped
with a proximal clip placed distal to the ophthalmic artery
but proximal to the aneurysm-involved vessel origin
(Fig. 4). As the stent was easily removed, it was decided to
trap the aneurysm in this segment to enable perfusion of the
ophthalmic artery. We never visualized the anterior choroidal
artery on preoperative cerebral angiograms, so we were not
concerned about trapping the aneurysm at this point distal to
the ophthalmic artery. The postoperative angiogram

demonstrated good bypass patency and good right ophthalmic
artery filling from the right ICA that had previously been
covered with the PED (Fig. 5). The patient woke up at her
neurological baseline with stable impaired right visual
function.

Postoperative course

Postoperatively, the patient did extremely well and was
discharged home after 1 week. Her vision slowly improved
over the follow-up period of 6 months. The postoperative
angiogram demonstrated patency of the saphenous bypass
and the native ICA, terminating in a patent ophthalmic artery
(Fig. 5).

Discussion

The development of flow-diverting technology and the PED
has revolutionized the cerebrovascular management of some
complex aneurysms, with mortality rates of approximately
1 % and major morbidity of only 5 % [8]. If PED treatment
is unsuccessful, or if there is a technical error in the PED
deployment that cannot be corrected, endovascular salvage
options are generally limited to vessel sacrifice [9]. Of the
three previous case reports of microsurgical rescues of failed

Fig. 2 a Diagnostic cerebral
angiogram pre-injection showing
the PED migration with proximal
stent in the cavernous segment of
the right ICA and distal end in the
aneurysm. b Same view post-
injection showing continuous
aneurysm filling despite the PED

Fig. 3 a Head computed
tomography (CT) without
contrast enhancement showing
hyperdense acute partial
thrombus in the part of the
aneurysm covered by the stent
(arrow). bAxial and c coronal CT
angiography showing partial
filling defect (thrombus) (arrow)
in the aneurysm
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PED cases, only two involved PED removal [8, 9], and both of
these cases resulted in poor outcomes (death and major ische-
mic stroke with significant neurological deficit). The other
case of microsurgical rescue demonstrated a successful bypass
and ICA occlusion after failed PED, but there was no
attempted PED retrieval [1].

Because of the growing use of PEDs by the neurosurgical
community, successful reports of openmicrosurgical rescue of
failed PEDs have been a goal [9, 11]. The microsurgical strat-
egies after failed PED—aneurysm wrapping, parent vessel
occlusion with bypass, aneurysm trapping with bypass or par-
ent vessel reconstruction (requiring PED removal), and

aneurysm clipping with parent vessel reconstruction with or
without aneurysmorrhaphy—are technically challenging [9].

We considered the different microsurgical options in our
case before deciding on aneurysm trapping with bypass and
PED removal. Our patient had significantly compromised vi-
sion because of the aneurysmal mass effect on the optic nerve.
The goal was to reduce mass effect on the optic apparatus and,
if possible, to leave the ophthalmic artery patent, thus increas-
ing the patient’s chance for visual recovery. To this end, it was
determined that trapping the aneurysmal segment of the ICA,
with preservation of ICA flow to the ophthalmic artery would
be best accomplished by removing the PED, which spanned

Fig. 4 Illustration of the
migration of the distal end of the
Pipeline stent into the lumen of
the aneurysm after deployment (a,
b). The microsurgical treatment
employed trapping of the ICA
aneurysmal segment, with
removal of the stent and clipping
of the ICA just distal to the takeoff
of the ophthalmic artery (c, d)

Fig. 5 Postoperative diagnostic
cerebral angiogram with right
common carotid injection. a
Large patent saphenous vein
bypass from the ECA (end-to-
end) to rightMCAM2 segment. b
Arrow showing bypass
anastomosis point between right
ECA and MCAwith good filling
of MCA territory. c Lateral view
shows right ICA filling the right
ophthalmic artery (arrow)
because the proximal aneurysm
clip on the right ICA is distal to
the ophthalmic artery origin
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the segment of the takeoff of the ophthalmic artery. An alter-
native would have been more proximal sacrifice of the ICA
and sacrifice of the ophthalmic artery without removal of the
stent. It is also possible that the second-generation PED—the
Pipeline Flex—will be less likely to fail, obviating the need
for open surgery and bypass, but at the time of this procedure,
the newer device had not received FDA approval.

Conclusion

PED has been an important advancement in the endovascular
management of complex and large/giant aneurysms.
Microsurgical rescue of failed PED is an important technique
when endovascular salvage options have been exhausted. We
present a case of microsurgical PED removal with subsequent
functioning vessel segment that had been covered by the PED.
As the use of PED becomes more widespread, microsurgical
rescue strategies may be needed in selected cases.
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