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Carotid Endarterectomy to Remove Retained Solitaire Stent
Retriever inside Carotid Stent after Mechanical Thrombectomy
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Background: Tandem occlusions of the internal carotid artery (ICA) and middle
cerebral artery (MCA) occur in up to a third of patients with acute ischemic strokes
undergoing endovascular mechanical thrombectomy. Understanding open neuro-
surgical management of associated complications with this procedure is important.
Case Report: A 67-year-old man with acute onset of left hemiparesis and a tandem
right ICA and MCA occlusion. He underwent carotid stent angioplasty of a ste-
notic ICA, followed by attempted Solitaire stent retrieval of an MCA clot. On
withdrawal, the tines of the Solitaire stent lodged inside the Precise carotid stent.
The patient was started on aspirin, Plavix, and heparin infusion, and underwent
a carotid endarterectomy (CEA) with safe removal of the stents and primary vessel
repair. Conclusion: This is the first case reported to date of a Solitaire stent be-
coming lodged inside a Precise carotid stent, salvaged by CEA with safe removal
of the stents and primary vessel repair. We discuss the timing, indication, alter-
natives, and technical nuances of a CEA in this setting. Key Words: Carotid
endarterectomy—carotid stent—carotid stenosis—mechanical thrombectomy—retained
stent—solitaire stent—tandem occlusion.
© 2017 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

Carotid endarterectomy (CEA) has become the primary
treatment for carotid stenosis, with carotid artery stenting
reserved for symptomatic patients with >70% stenosis and
at high risk for CEA (e.g., those with severe cardiac disease,
a history of CEA with recurrent stenosis, contralateral

carotid occlusion, and history of radiation to the neck).1

Case studies have described the use of CEA as a salvage
therapy to remove either restenosed carotid stents deemed
unsalvageable with balloon-assisted stent angioplasty,
removal of a fragmented carotid stent, or stent migration.2-21

Surgical removal of an intra-arterial stent is risky sec-
ondary to the potential endothelialization of the stents
to the lumen of the vessel walls, making removal diffi-
cult without perforating the native vessel.

With 10%-30% of acute ischemic strokes presenting with
tandem internal carotid artery (ICA) and middle cere-
bral artery (MCA) occlusions, many patients are undergoing
deployment of both a temporary stent retriever (e.g., Sol-
itaire [ev3 Neurovascular, Irvine, CA] or Trevo [Stryker,
Fremont, CA]) to remove a distal clot and a permanent
carotid stent (e.g., Precise Pro Rx [Cordis, Fremont, CA]
or Carotid Wall [Boston Scientific, Boston, MA]) to maintain
the patency of an underlying stenotic or dissected ICA.22-28

With recent data showing the effectiveness of mechanical
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thrombectomy for acute ischemic strokes, it is increas-
ingly important to understand how to manage potential
complications associated with these procedures.22,29-33 In
the setting of tandem occlusions, we describe here the
first reported case of a CEA for the retrieval of a Soli-
taire stent lodged inside a carotid stent after mechanical
thrombectomy in the setting of a tandem ICA and MCA
stenosis causing an acute ischemic stroke.

Clinical Presentation

A 67-year-old man with a history of hypertension and
coronary artery disease, who presented with an acute onset
of left hemiparesis, dysarthria, and facial droop (Nation-
al Institutes of Health Stroke Scale score 16). Computed
tomography (CT) of the brain showed no hemorrhage.
Intravenous tissue plasminogen activator was adminis-
tered. CT angiogram showed a right carotid occlusion.
Within 6 hours of symptom onset, the patient under-
went catheter angiography, which demonstrated an
occlusion of the right ICA (cervical segment) (Fig 1). He
underwent a balloon-assisted carotid stent angioplasty,
which recanalized the ICA. After opening up the ICA,
the tandem M1 occlusion was attacked with deploy-
ment of a Solitaire stent retriever (ev3 Neurovascular).
As the Solitaire stent was withdrawn, it lodged into the
tines of the Precise Pro Rx carotid stent (Cordis) (Fig 2).
The guide catheter was not passed through the stent.
Balloon angioplasty was not attempted because of the dif-
ficulty finding the lumen inside both the Solitaire and
the Precise stents. Snare retrieval was not performed
because of the high risk of perforation of the native vessel

on removal. With antegrade flow into the anterior cere-
bral artery (ACA) and MCA, and time to thrombolysis
in cerebral infarction score (TICI) of 2b reperfusion distal
to the stent, the procedure was aborted.

The patient was placed on aspirin, clopidogrel (Plavix,
Bristol-Myers Squibb/Sanofi Pharmaceuticals Partner-
ship, Bridgewater, NJ), and heparin guttae (gtt) at 600 U
an hour. Five days later, after his examination had im-
proved and stabilized (National Institutes of Health Stroke
Scale score 12) and before the stents endothelialized, he
was brought to the operating room and underwent a CEA
for retrieval of the Solitaire stent and Precise carotid stent,
and primary reconstruction of the carotid stenosis.

Operative Nuances

The patient’s heparin gtt was held before anesthesia
induction. Neuromonitoring with somatosensory evoked
potentials (SSEPs) and electroencephalogram (EEG) was
established to provide evidence of vascular perfusion while
the patient was under general endotracheal anesthesia.
The standard latero-cervical incision was performed.
The carotid sheath was identified by palpation of the ar-
terial pulse. The precise location of the stent inside the
carotid artery was confirmed by an intraoperative x-ray.
The carotid artery was circumferentially dissected away
from the carotid sheath. A temporary straight aneurysm
clip was placed on the ICA, just distal to the underly-
ing stent, followed by a Sugita clip (Mizuho, Tokyo, Japan)
on the proximal common carotid artery. Two temporary
straight aneurysm clips were placed in the superior thyroid
artery and external carotid artery. It was important at this
point to exclude the stent from these clips.Figure 1. Catheter angiogram showing right internal carotid artery occlusion.

Figure 2. Solitaire stent lodged inside a Precise carotid stent.
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The length of the CEA was identified and marked, with
extension of the incision proximal to the underlying stent.
The adventitia of the common carotid artery was opened
with an 11 blade scalpel and Potts scissors. Dissection
was performed starting at the caudal end of the inci-
sion through the layers of the media and intima into the
native non-stent portion of the vessel. As the dissection
was carried cranially, the carotid stent was revealed,
showing apposition to an underlying hard thick layer of
calcified plaque and atherosclerosis. The tines of the stent
pressed unevenly against the lumen plaque, but there ap-
peared to be no apposition against the native intimal wall.
Once the plane of the carotid stent was identified, dis-
section occurred more superficially, separating the plaque
and stent mass from the intima, using a nerve hook and
DeBakey forceps.

As the incision and dissection extended rostrally, the
retained Solitaire stent was identified inside the carotid
stent. With the ICA unclipped and backbleeding, the entire
plaque and stent mass was carefully removed caudally
en bloc through the native non-stent area (Fig 3). Careful
evaluation of the ICA was performed to rule out a dis-
section flap. Further dissection under heparinized saline
irrigation occurred with a ringed curette to fine comb ad-
ditional atherosclerotic plaque away from the intimal walls.
Running sutures with a 6-0 prolene were used to close
the endarterectomy from rostral to caudal direction. Before

the last 2 sutures were placed, the aneurysm clip on the
external carotid artery (ECA) was temporarily removed
to wash additional debris. Once the sutures were tied,
the ECA aneurysm clip was removed, followed by the
common carotid artery and ICA.

There were no changes in EEG, SSEPs, or vital signs.
Intraoperative angiography was performed showing in-
terval removal of the Solitaire and carotid stent, with
antegrade flow into the ACA and MCA. There was a small
dissection proximal to the CEA, and the endarterec-
tomy was extended caudally. Care was taken to stitch
down the inside of the dissection flap to the native vessel
using a double-ended suture. Hemostasis was achieved.
Gelfoam was placed on top of the endarterectomy. The
carotid sheath was approximated loosely with a couple
of 4-0 neurilon sutures, followed by closure of the pla-
tysma and skin in layers. A tiny little suction drain was
left in overnight. Post-procedural CT angiogram showed
non–flow-limiting stenosis proximal to the CEA, and an
additional balloon-assisted carotid stent angioplasty was
performed without complication.

Discussion

This is the first described case of a CEA as a salvage
technique to remove a retained Solitaire stent and carotid
stent. Several case studies of salvage CEA procedures have
been described for the removal of a carotid stent.2-21 Prior
cases were performed for stent restenoses, migration, frac-
ture, and entrapment of a distal embolic protection device.
None were performed in the setting of an acute isch-
emic stroke. Only a few studies involved a primary repair
after removal of the carotid stent, with the assistance of
a patch graft being the most common strategy, followed
by a reverse saphenous vein bypass (Table 1). In our case,
primary repair was achieved safely with the assistance
of intraoperative localization by x-ray and angiography,
in a patient who remained paralyzed, under general en-
dotracheal anesthesia, with intracranial perfusion monitored
by potential changes in EEG and SSEPs.

Surgical Risk of Stent Removal

Surgical removal of an intraluminal stent is uncom-
mon for the primary fear that the stent tines have penetrated
the lumen of the vessel walls and endothelialized, making
surgical dissection of the stent away from the intima cum-
bersome and unsafe. Shearing of the stent against the lumen
of the native vessels can compromise the integrity of the
native vessel, making it difficult for the surgeon to re-
construct the vessel.34,35 This could lead to the need for
a patch graft to assist in repair, or more complicated salvage
techniques such as vessel bypass, proximal vessel occlu-
sion, or vessel trapping.11,15

In this case, the stent was intertwined in the plaque.
Our exposure was extra long to allow for exposure of

Figure 3. Gross specimen of the Solitaire stent, Precise carotid stent, and
calcified atherosclerotic plaque.
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the native vessel above and below the stent. Following
this native plane between the plaque and the lumen in
an area with native vessel was important before dissec-
tion along the stent and plaque. Care was taken in both
cases to remove the stent through an exposed native vessel
segment to avoid penetration of thinned native vessel walls.
Prior studies had described difficulty cutting the artery
because of the metallic stent.2 In our case, there was no
need to cut the Precise stent or Solitaire stent because
both were deep, intertwined inside the plaque. Repair
and reconstruction need to occur quickly with proximal
control achieved at the compromise of limited intracra-
nial perfusion through collateral vessels.

Alternative Treatments

Alternatives described elsewhere for carotid restenosis
including percutaneous balloon angioplasty with or without
carotid stent angioplasty were not available to our patient
because of the risk of crushing the poorly positioned

Solitaire stent through the vessel walls.36 Finding the true
lumen inside an obliquely positioned Solitaire stent would
be virtually impossible under fluoroscopic guidance.
Further, the relatively small size of the stent retriever to
the carotid stent would lead to poor apposition, even with
the stent fully expanded with balloon angioplasty.

Deployment of a Snare device to retrieve the Solitaire
stent into a large proximal catheter was not performed
because of the concern for unpredictable dissection or per-
foration of the native vessel. Navigating a Snare stent across
the lumen of the carotid stent and attaching it to the Sol-
itaire stent without catching the carotid stent would be
challenging. Further, if the Snare device were to attach
to the Solitaire stent, the consequent movement of the
carotid stent as the Snare-Solitaire stent unit was with-
drawn would be unpredictable.

Although not performed on this patient, transcranial
cerebral Dopplers can be performed to see if there is a
shower of emboli, with indication to treat more ur-
gently if they are persistent with an associated change

Table 1. Review of carotid endarterectomy cases for removal of diversion of stents

Author No. of cases Technique Results

Vale et al 19972 1 Stent removal and CEA No complications
Johnson et al 19973 1 Reversed saphenous vein bypass No complications
Calvey and Gough 19984 1 Reversed saphenous vein bypass No complications
Reedy et al 20005 2 Stent removal and CEA with patch No complications
Leger et al 20016 2 PTFE bypass No complications
Owens et al 20027 6 Stent removal and CEA (1)

Thrombolysis and stent removal with CEA (1)
Reversed saphenous vein bypass (2)
ICA to ECA transposition

1 case of reversed vein
bypass thrombosis

de Borst et al 20038 4 Stent removal with CEA and patch Hemiparesis (1)
No complications (3)

Akin et al 20049 1 Stent removal with CEA and patch No complication
Setacci et al 200510 3 Stent removal and CEA with patch No complication
de Vries et al 200511 1 Stent removal and CEA No complications
Raithel 200512 8 Stent removal and CEA with patch (6) or graft (2)

Stent removal and CEA (1)
No complications

Faggioli et al 200713 5 Stent removal and CEA with patch (2)
Reversed saphenous vein bypass (2)
Stent removal and CEA (primary repair) (1)

No complications

Jimenez et al 200814 1 Stent removal with CEA and patch No complication
Valibhoy et al 200715 1 Stent removal with CEA and patch No complication
King et al 200916 1 Stent removal with CEA and patch No complication
Soylu and Bayazit 201117 1 Stent removal and CEA with patch No complication
Reichmann et al 201118 15 Stent removal and CEA with patch (13) Aphasia, hemiparesis (1)

Neck hematoma (2)
No complications (12)

Gonzalez et al 201119 3 Stent removal and CEA with patch (3) No complication
Jost et al 201220 4 Stent removal and CEA with patch (3)

Stent removal and CEA (1)
Neck hematoma (1)
Aphasia, dysphagia (1)
No complications (2)

Zheng et al 201321 1 Stent removal and CEA No complication

Abbreviations: CEA, carotid endarterectomy; ECA, external carotid artery; ICA, internal carotid artery; PTFE, polytetrafluoroethylene.
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in neurologic examination. Complete vessel takedown is
another alternative; however, in this patient with an acute
ischemic stroke, it was evident that he was dependent
on vascularization from the right ICA.

Alternatives to Carotid Stent Placement in Setting of
Acute Tandem Occlusion

There is still ongoing debate over the appropriate time
to place a carotid stent after a mechanical thrombec-
tomy in patients with tandem occlusions. Some advocate
for balloon angioplasty of the carotid stent stenosis, fol-
lowed by removal of a distal occlusion with a stent
retriever. A few days later, after the patient is clinically
stable and loaded with dual antiplatelet agents, the patient
will return to the angiography suite for placement of a
carotid stent. However, with a tight stenosis causing an
acute distal occlusion, there is interval risk of a re-
occlusion without more urgently addressing the underlying
cause.

Further, the Penumbra aspiration device may serve as
an alternative for mechanical thrombectomy without the
use of a stent retriever.37 This technique involves no place-
ment of a stent within a stent; however, most of the core
acute ischemic stroke trials showing efficacy involved use
of flow arrest with the proximal balloon catheter and a
distal stent retriever such as Solitaire or Trevo.22,29-33

Conclusion

In conclusion, we describe here the first study to date
of surgical removal of a stent retriever lodged inside a
carotid stent, followed by a primary vessel reconstruc-
tion and repair. Although rare, understanding the open
surgical management of this complication is important
to minimize the risk of stroke and dissection. In the land-
scape of increasing rates of endovascular mechanical
thrombectomy and carotid stent angioplasty in patients
with tandem ICA and MCA occlusions, we hope this report
provides additional insight on how to safely manage this
clinical scenario.
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