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INTRODUCTION

e rates of in-stent restenosis (ISR) after carotid artery stenting (CAS) are between 3% and 
10% and ISR is associated with ipsilateral cerebral infarction.[17] Percutaneous transcatheter 
angioplasty (PTA) and CAS are often repeated for the reoccurrence of ISR after CAS.[19] However, 
the treatment of patients with repeated ISR and carotid endarterectomy (CEA) after CAS is not 
well known. We report the case of a patient who underwent CEA with stent removal for repeated 
ISR after CAS with good clinical results.

CASE REPORT

A 78-year-old man with hypertension, Type 2 diabetes mellitus, and dyslipidemia presented with 
dysarthria and slight left limb weakness. Diffusion-weighted imaging revealed multiple small 
cerebral infarctions spreading cortically and a watershed area in the right brain hemisphere 
[Figure 1a]. Magnetic resonance angiography revealed severe stenosis of the right internal carotid 
artery [Figure  1b]. We diagnosed atherosclerotic embolism caused by severe right internal 

ABSTRACT
Background: Percutaneous transcatheter angioplasty (PTA) and carotid artery stenting (CAS) are often 
performed repeatedly for in-stent restenosis (ISR) after CAS. Only a few reports describe the treatment for 
repeated ISR. Furthermore, only a few reports describe carotid endarterectomy (CEA) after CAS; thus, the 
evidence for this procedure is insufficient.

Case Description: Herein, we describe a case in which CEA with stent removal was performed in a patient with 
repeated ISR after CAS. A 78-year-old man presented with dysarthria and slight left limb weakness. CAS was 
performed for the right internal carotid artery stenosis. ISR occurred again and PTA and stenting were performed. 
After the second CAS, ISR occurred again. CEA with stent removal was performed. After the CEA with stent 
removal, the patient experienced no restenosis or other complications.

Conclusion: CEA with stent removal can be a good option for treating repeated ISR after CAS.

Keywords: Carotid artery stent, Carotid endarterectomy, In-stent restenosis, Internal carotid artery stenosis, 
Neointimal hyperplasia

www.surgicalneurologyint.com

Surgical Neurology International
Editor-in-Chief: Nancy E. Epstein, MD, Clinical Professor of Neurological Surgery, School of 
Medicine, State U. of NY at Stony Brook.

SNI: Neurovascular Editor 
 Kazuhiro Hongo, MD, 
 Shinshu University, Matsumoto, Japan Open Access 



Takahashi, et al.: Carotid endarterectomy with stent removal

Surgical Neurology International • 2022 • 13(192) | 2

carotid artery stenosis. Carotid echography showed a peak 
systolic velocity (PSV) of 354  cm/s for the stenosis lesion. 
Cervical magnetic resonance imaging revealed an unstable 
plaque with a T1-weighted image (black-blood method) of 
high intensity. Angiography showed that the stenosis rate was 
90%, according to the method used in the North American 
Symptomatic CEA Trial [Figure  1c]. Dual antiplatelet 
treatment (aspirin 100  mg and clopidogrel 75  mg/day) and 
statin were initiated. We planned the best medical treatment 
in the acute phase and revascularization in the chronic phase.

CAS was performed 1 month after symptom onset. Although 
a staged CAS was planned, plaque protrusion occurred just 
after PTA; therefore, we deployed a closed-cell stent (Carotid 
WallStent 10 × 24 mm, Boston Scientific, Marlborough, MA, 
USA) [Figure  1d]. Due to concerns about the possibility of 
hyperperfusion syndrome, we did not perform poststenting 
PTA. In our institutes, 50% diluted contrast medium is used to 
evaluate plaque protrusion. e procedure was finished after 
confirming that there was no plaque protrusion. Postoperative 
carotid echography revealed no plaque protrusion and the 
PSV was 83  cm/s [Figure  2a]. Four months after CAS, a 
carotid echography revealed that the PSV was over 300 cm/s 
[Figure 2b]. A second CAS for ISR was performed 7 months 
after the first CAS. An open cell stent (Precise 6 × 30  mm, 
Cordis, Dublin, OH, USA) was deployed and poststenting 
PTA was performed [Figures 2c and d]. After confirming that 
there was no plaque protrusion, procedure was finished.

Six to 9 months after the second CAS, ISR again worsened; 
the carotid echography revealed a PSV of 139–317  cm/s 

[Figures  3a and b]. Angiography revealed severe ISR 
[Figures 3c-e]. ISR might have developed repeatedly in this 
patient, despite repeated CAS, and the thickness of the stent 
might cause ISR. erefore, we decided to carry out CEA 
with stent removal. e procedure was performed 1  year 
after the second CAS. e proximal and distal ends of the 
stent were approached using normal techniques. Insertion of 
an internal shunt was needed because angiography showed 
that the collateral flow was inadequate. e space was not 
sufficient to insert the distal side of the internal shunt. To 
reduce the closure time, insertion of an internal shunt into 
the normal common carotid artery with a minimal incision 
was attempted. However, the shunt tube could not pass 
through the severe stenosis. us, the stent and plaque were 
removed first. A  normal CEA could be performed because 
the boundary between the plaque (including stent) and the 
vessel wall was clear [Figures 4a and b]. After the plaque was 
removed, an internal shunt was inserted [Figure  4c]. e 
vessel wall was not damaged and could be sutured normally. 
e internal shunt was removed and the insertion portion 
was sutured [Figure 4d]. Although there was atherosclerotic 
plaque around the stent [Figure 4e], the ISR was caused by 
neointima formation inside the lumen of the stent, not by 
plaque protrusion or atherosclerotic change [Figure  4f]. 
e postoperative course was uneventful and postoperative 
carotid echography results were good. e postprocedural 
treatment included dual antiplatelet treatment, statin 
treatment, and diabetes mellitus control. At the 6-month 
follow-up, the patient was asymptomatic with no sign of 
recurrent restenosis.

Figure  1: (a) Diffusion-weighted imaging at initial presentation showing a right frontal infarction. (b) Magnetic resonance angiography 
showing severe stenosis on the right side. (c) Preoperative angiography showing severe right internal carotid stenosis. (d) Angiography after 
carotid artery stenting.

dcb

a



Takahashi, et al.: Carotid endarterectomy with stent removal

Surgical Neurology International • 2022 • 13(192) | 3

DISCUSSION

ISR is a complication that may occur after CAS. Cases of 
symptomatic or severe restenosis may require retreatment. 
e rate of cerebral infarction onset on the same side after 
CAS was 6.6%/3 years in the SAPPHIRE study,[11] 6.2%/4 years 
in the CREST study,[4] 11.1%/4 years in the EVA-3S study,[15] 
9.5%/2 years in the SPACE study,[8] and 5.8%/6 years in the 
ICSS study.[3] ISR after CAS is often defined as more than 70% 
stenosis. e ISR occurrence was 6.0%/2 years in the CREST 
study,[14] 3.3%/3  years in the EVA-3S study,[1] 10.7%/2  years 
in the SPACE study,[8] and 10.6%/5  years in the ICSS 
study.[3] Dakour-Aridi et al. demonstrated an ISR occurrence 
of 9.4%/2 years after CAS,[6] and Pierre Clavel mentioned a 

5.2%/1  year occurrence of ISR after CAS.[5] Reported risk 
factors for ISR after CAS include aging,[1,6,8,12] smoking,[2,23] 
diabetes mellitus and dyslipidemia,[14,23] women,[12,14,23] hostile 
neck,[5] and prior neck cancer.[22] Stent-related factors, such 
as the diameter,[24] length,[16] type of stents (closed or open 
cell stent),[16-18] and multiple stent use,[12] are also possible risk 
factors for ISR after CAS.

ISR has three primary causes. First, early postoperative 
stenosis with plaque protrusion or thrombus on the stent 
can cause ISR. Second, neointimal hyperplasia caused by 
non-specific inflammatory responses of blood vessels to the 
chronic mechanical stimulation of stents can cause ISR.[7] 
ird, an atherothrombotic clot can cause ISR. At present, 

Figure  2: (a) After carotid artery stenting (CAS), the postoperative carotid echography revealed no stenosis. e peak systolic velocity 
(PSV) was 62.3 cm/s. (b) A carotid echography 4 months after the first CAS showing in-stent restenosis (ISR). e PSV was over 300 cm/s. 
(c) Angiography showing ISR 4 months after the first CAS. (d) e angiography after percutaneous transcatheter angioplasty and a second 
CAS were performed.
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Figure 3: Worsening in-stent restenosis (ISR) after the second carotid artery stenting is shown. e carotid echography revealed peak systolic 
velocity changes from 139 cm/s (a) to 317 cm/s (b) 6 to 9 months after the second carotid artery stenting. (c and d) e angiography shows 
severe ISR. (e) e distal end of the stent location at the C2 level is shown.
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standardized criteria and methods for treating ISR are not 
defined. According to Pourier’s review, PTA is the most 
common treatment for ISR after CAS, accounting for 57% of 
post-CAS ISR cases. e other common treatments for ISR 
after CAS include repeated CAS (21%) and CEA (16%).[19]

CONCLUSION

Conclusions about the optimal intervention for ISR cannot 
be made yet; however, CEA with stent removal is another 
good option.[9,19-21,25,26] Guo et al. reported a systematic 
review that showed no statistically significant differences 
between redo CAS and CEA in terms of safety, modality, 
and morbidity.[10] ere are also no recommendations for the 
optimal treatment of repeated ISR case.

Our case required repeated treatment for ISR. After a careful 
discussion about the optimal treatment, we decided to 
perform CEA with stent removal after the third occurrence 
of ISR. If a third CAS had been performed, the lumen might 
have narrowed because of the thickness of the stent itself and 
ISR might have reoccurred. CEA was problematic for this 
patient, because of inadequate collateral flow, and insertion 
of an internal shunt was needed. e distal end of the stent 
was at the C2 level, and we were unsure if the space would be 
adequate for insertion of the internal shunt. As a result, CEA 
was carried out 13 months after the second CAS.

e structure between the intima and media is maintained 
because the carotid stent is located inside the intima. In 
earlier studies, a few perioperative technical difficulties for 
CEA with stent removal were reported.[9,20,26] e scarred 
tissue was difficult to dissect. Identifying the right cleavage 
plane for performing endarterectomy was difficult because 

the structure of the vessel wall was unclear after chronic 
inflammation caused by long-term compression.[13] Distal 
placement of the carotid stent in the internal carotid artery 
increased the technical difficulties. If repeated CAS is chosen 
for treating ISR, a repeated CAS with stenting at a high 
cervical level should be considered so the option for CEA 
is not eliminated. CEA for the ISR may be a good option 
to prevent restenosis. Learning the CEA technique for high 
cervical level lesions may facilitate high lesion ISR cases. 
CEA with stent removal may be a good option for treating 
repeated ISR after CAS.
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