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Abstract. It is relatively difficult to treat restenosis when reste-
nosis occurs following carotid artery stenting. Endarterectomy
with simultaneous stent removal is an effective approach when
restenosis occurs. The treatment method is still not well known.
The present paper reports a case of restenosis after stenting
that was treated with endarterectomy with a satisfactory treat-
ment outcome. The patient, a 74-year-old male, underwent
stenting 10 months before he was re-hospitalized. He seemed
to recover well after stenting until one month before he was
re-hospitalized, when he presented symptoms of cerebral isch-
emia. Imaging examination revealed that in-stent stenosis had
reoccurred, with the stenosis degree ranging from 70-99%. He
was given endarterectomy treatment, and intra-operative find-
ings showed that the stent grew into a carotid artery plaque and
protruded below the adventitia and that the stent lumen was
not covered by carotid artery intima. The surgery completely
and successfully removed the plaque and the stent, while the
adventitia was completely preserved. Follow-up indicated that
there was no stenosis in the carotid artery, and the prognosis
was good. Relevant literature was also reviewed in this paper,
and the authors suggested that carotid artery plaque and stent
endarterectomy is beneficial. However, surgical treatment for
in-stent stenosis remains a challenging option.

Introduction

Currently, carotid artery stenting (CAS) remains an effective
treatment method for carotid artery stenosis (1). However,
following stenting, carotid artery restenosis is still prone to
relapse (2). When restenosis after CAS becomes more severe,
surgical treatments are most likely required. However, when the

Correspondence to: Professor Jinlu Yu, Department of
Neurosurgery, The First Hospital of Jilin University, 71 Xinmin
Avenue, Changchun, Jilin 130021, P.R. China

E-mail: jinluyu@hotmail.com

Key words: carotid stenting, carotid endarterectomy, in-stent
restenosis

stent grows into the carotid artery plaque and even penetrates
the carotid artery adventitia, it creates tremendous difficulty for
treatment (3). For in-stent restenosis cases, balloon dilatation
angioplasty or another stenting method can be feasible treat-
ment options; however, due to the restriction of the existing
stent, it is difficult to perform balloon dilatation in a narrow
carotid artery; moreover, it is also difficult for the currently
used self-expanding stents to maintain the blood vessels at a
normal diameter (4). For cases of restenosis after stenting, it
is also effective to perform carotid endarterectomy (CEA),
a procedure that can remove the stent together with arterio-
sclerotic plaques, which completely solves the issue of carotid
artery stenosis (5). However, because the stent reinforces the
plaques and introduces damage to the blood vessel, performing
CEA with simultaneous stent removal becomes very difficult.
Due to the lack of reports on the treatment of carotid artery
restenosis after stenting by CAS, the present paper reports one
relevant case that was treated in the Neurosurgery Department
of the First Hospital of Jilin University.

Case report

The patient was a 74-year-old male. At 10 months prior to
being re-hospitalized, he underwent a neck blood vessel
examination due to ‘dizziness and fatigue’, and severe stenosis
was identified in the left internal carotid artery. Left internal
carotid stenting was then performed. A 9x40 mm Acculink
self-expanding stent was used, and the stenting process went
smoothly. After the stent was released, the imaging demon-
strated that the residual stenosis was <30%. The patient
recovered well following the surgery, and his preoperative
symptoms disappeared, according to his own statement. After
the surgery, he was given aspirin as an anti-platelet aggrega-
tion treatment and a long-term oral administration of Lipitor to
lower blood cholesterol. The patient was asked to stop smoking
and to strictly control his blood pressure. After surgery, the
patient was followed up via telephone. The patient had been
prescribed medication regularly and stopped smoking, and his
blood pressure was stably controlled.

In the last month of follow-up, the patient gradually felt
‘somnolence and fatigue’, and he returned to the hospital for
treatment. A physical examination revealed no positive signs
of nervous system involvement. A neck ultrasound indicated
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Figure 1. (A and B) Preoperative imaging. Neck digital subtraction angiography presented severe stenosis presenting in the initial segment of the left internal
carotid artery, with a stenosis degree of ~90%, and an image of the stent could be seen inside plaques in the left internal carotid artery. (C) Head MRA
revealed that the imaging of the intracranial left internal carotid artery system was slightly weaker. (D) Head MRA demonstrated a slight stenosis in the lower
basilar artery. (E) Head magnetic resonance imaging did not reveal fresh thrombosis. (F) Head perfusion magnetic resonance indicated that the left cerebral

hemisphere had ischemic changes. MRA, magnetic resonance angiography.

that the stent extended from the left common carotid artery
to the internal carotid artery, and restenosis appeared in the
left internal carotid artery, with a stenosis degree of 70-99%.
The continuity of the lattice-like pattern in the hyperechoic
shadow of the stent was poor in two locations. Head magnetic
resonance angiography revealed a slightly weaker imaging
of the intracranial left internal carotid artery system and a
slight stenosis in the lower basilar artery. Magnetic resonance
imaging did not present fresh thrombosis, and perfusion
magnetic resonance indicated that the left cerebral hemisphere
had ischemic changes. Further neck digital subtraction angi-
ography examination revealed severe stenosis in the initial
segment of the left internal carotid artery, with a stenosis
degree of ~90%. The stent image could be seen inside plaques
in the left internal carotid artery (Fig. 1).

At this point, the patient's condition was clearly diagnosed
as in-stent stenosis after stenting in the carotid artery, and
CEA with simultaneous stent removal was planned. The
surgery was performed under general anesthesia, during

which a longitudinal incision medial to sternocleidomastoid
muscle was used to expose the carotid sheath. After the carotid
sheath was opened, the upper edge of the carotid artery stent
was visible and palpable through the carotid artery wall. After
the common carotid artery, internal carotid artery and external
carotid artery were sufficiently exposed, they were tempo-
rarily ligated. The common carotid artery and internal carotid
artery were incised at the location where the stent remained,
and the carotid artery stent together with the carotid arterial
intima and media were then peeled off until normal arte-
rial lumen was exposed. The surgery removed the stent and
plaques completely, and the adventitia of the common carotid
artery and internal carotid artery were shown to be intact.
The adventitia was then sutured continuously, and the carotid
artery lumen was determined to be unobstructed following
suture (Fig. 2). The patient was discharged after good postop-
erative recovery. After being discharged, the patient received
regular dual antiplatelet therapy and lipid-lowering treatment.
Half a year following surgery, head computed tomography
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Figure 2. Surgery images. (A) Digital subtraction angiography mask image suggests that the internal carotid artery stenosis was located at the mandibular
angle level. (B and C) Following intraoperative exposure of the common carotid artery, the internal carotid artery and the external carotid artery, the stent
located in the upper segment of the internal carotid artery can be seen to have penetrated the intima, extending below the adventitia, the black arrow denotes
the stent. (D) Following artery dissection, the integrated atherosclerotic plaques and stent were exposed, the black arrow denotes the stent. (E) The plaques
and stent were removed completely, indicating that the adventitia of the common carotid artery and internal carotid artery were intact, the black arrow denotes

adventitia. (F) An overall view of the removed atherosclerotic plaques and stent.

angiography revealed that the lumen of the internal carotid
artery was unobstructed without any stenosis (Fig. 3).

Discussion

Carotid stenosis in patients is not rare. When its extent
reaches severe stenosis (70-99%) or a moderate degree of
stenosis accompanied by clinical symptoms, patients require
surgical treatment; otherwise, the risk for ischemic stroke is
very high (6,7). At present, the treatment methods for carotid
artery stenosis mainly include CEA and CAS. CEA can
remove atherosclerotic plaques, while CAS uses a balloon to
dilate the stenosis and then implants a self-expanding stent;
both methods are effective methods for treating carotid artery
stenosis (8). The results of randomized controlled clinical
trials demonstrated that both CEA and CAS could effectively
treat carotid artery stenosis and that the differences in compli-
cations and long-term prognosis were not significant (9). In
the present case, the patient received CAS when the carotid
stenosis was initially identified, but he developed in-stent

restenosis within 10 months, a shorter interval than previously
reported. Rates of in-stent restenosis after CAS vary according
to literature sources and the definition of restenosis, ranging
from 1% to 21% over 12-18 months (10). There are many
causes for in-stent restenosis. For example, in-stent restenosis
was more common in an open-cell stent group when compared
with a closed-cell stent group after CAS (11). Whether optimal
postoperative oral medication treatment was provided, treat-
ment with optimal medical therapy, including anti-platelets
and statins, seems to have a beneficial effect on preventing
in-stent restenosis in patients undergoing CAS (12). The patient
in the present case received the best available postoperative
medical therapy, and the risk factors for ischemic stroke were
controlled. The Acculink stent used has an open-cell design,
supporting the research conclusion that open-cell stents are
prone to inducing restenosis.

Restenosis after CAS must be treated. Different treatment
methods are available, such as balloon dilatation angioplasty,
restenting, CEA with simultaneous stent removal, and carotid
bypass reconstruction (13). If an early carotid stenosis
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Figure 3. Postoperative computed tomography angiography review. (A) The maximal intensity projection shows good continuity of the common carotid artery
and the internal carotid artery without the presence of any stenosis. (B and C) A reconstructed three-dimensional carotid artery shows the blood vessels in the
surgical region and the surrounding artery lumen is unobstructed without the presence of any stenosis.

tendency is found after CAS, treatment with cilostazol may
be effective (14). If in-stent stenosis is quite severe, it can
only be addressed with surgical treatment. For example, in
2014, Gandini et al (15) suggested that drug-eluting balloon
dilatation angioplasty for the treatment of refractory recurrent
carotid in-stent restenosis has great potential (15). Performing
overlap stenting for in-stent restenosis following CAS is also
sometimes feasible (16). However, for severe restenosis after
stenting, particularly in cases with hard plaques and calcifica-
tions, regardless of whether balloon dilatation or stenting is
used, both treatment outcomes could be poor. In such a case,
CEA may be the only option; in the present case, the patient
experienced restenosis after stenting and received CEA with
simultaneous stent removal. In 2013, Zheng et al (17) reported
one case of endarterectomy following in-stent stenosis
occurred. After reviewing previous reports, they suggested that
CEA with stent removal in the management of in-stent reste-
nosis was a safe, feasible and effective technique. However,
in-stent restenosis after carotid angioplasty and stenting was a
challenge for the vascular surgeon (18).

The case reported in this paper describes successfully
peeling off the stent, though with great difficulty. After
reviewing previous reports in the literature, the authors
summarize the treatments as follows. First, the design of the
surgical incision should be longer than that of a normal CEA,
and the length of the exposure is necessary to dissect out the
metallic stent. The upper end of the incision must be extended
to the mastoid process along the posterior margin of the parotid
gland. Secondly, apart from a larger incision, when dissecting

muscles, it should be emphasized that the exposure must be
sufficient. When dissecting the sternocleidomastoid muscle,
intraoperative incision of the digastric muscle is not necessary,
but the sternocleidomastoid muscle must be mobilized towards
the mastoid process, and the mobilization of the digastric and
sternocleidomastoid muscles must be sufficient so that the
distal end of the internal carotid artery can be clearly exposed.
Moreover, CEA with stent explantation is more difficult to
perform. During the peeling process, because the stent is
already immersed in the medium of the carotid artery wall
and is only wrapped by adventitia and because plaques have
already grown inside the stent, the surface of the stent is not
covered by the carotid artery intima. Therefore, when opening
and cutting the artery, care is required to remove the stent to
avoid vessel wall perforation (19).

For the case reported in this paper, due to careful peeling, the
carotid adventitia was preserved completely and was directly
sutured. However, when the stent penetrates the carotid artery,
CEA may cause defects in the carotid artery, and patches may
be needed to repair the defects. For example, the report by
Reedy er al mentioned the use of patches (20). Because endar-
terectomy for the restenosis after stenting is very difficult to
perform, the incidence of experiencing complications in the
course of the treatment is very high. For example, of the 15
cases reported by Reichmann ez al in 2011 (21), one case had
minor ischemic stroke, and two cases had neck hematoma;
however, the prognoses were all good. It was suggested that
CEA with stent explantation for in-stent restenosis after CAS
seems effective.
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Based on the present report and this literature review of

previous endarterectomy treatments for cases of restenosis
after stenting, the authors suggest that CEA of in-stent stenosis
following CAS is beneficial. However, surgical treatment for
in-stent stenosis remains a challenging option.
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