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Abstract
Objective  Few studies have reported the surgical 
treatment of carotid in-stent restenosis (ISR), more data 
and longer follow-up are needed. We describe the surgical 
treatment of ISR by standard carotid endarterectomy (CEA) 
with stent removal, including long-term follow-up in 10 
patients from our centre.
Methods  Ten patients from our centre who underwent 
CEA with stent removal for ISR were retrospectively 
analysed, including nine symptomatic and one 
asymptomatic ISR of at least 70% with mean age 67.3, the 
median time between carotid artery stenting and CEA was 
17 months (range, 2–54 months).
Results  Standard CEA with stent removal was performed 
in all 10 patients without much technical difficulty (9 
male and 1 female, mean age 67.3). Two cases were 
performed in hybrid operation room. There were a total 
of three complications that happened in three patients 
(30%) respectively. An asymptomatic dissecting aneurysm 
was formed on the petrous internal carotid artery in 
one patient who was followed up without intervention. 
In the second case, dissection occurred in the arterial 
wall distal to the site of the stent after stent removal 
revealed by intraoperative angiography, and another 
stent was implanted. The patient sustained temporary 
hypoglossal nerve dysfunction postoperatively. The third 
patient suffered cerebral hyperperfusion with complete 
recovery when discharged. No neurological complications 
occurred in other seven patients. After follow-up of 25 
months (range, 11–54 months), one patient died of 
rectal cancer without ischaemic attack and restenosis 4 
years postoperation; in one patient occurred recurrent 
symptomatic restenosis (90%) 1 year later; all other 
patients remained asymptomatic and without recurrent 
restenosis (>50%) by follow-up carotid ultrasound or CT 
angiography.
Conclusion  It seems that CEA with stent removal is a 
reasonable choice, by experienced hand, for symptomatic 
ISR with higher but acceptable complications. The 
indication of stent removal for asymptomatic ISR needs 
further observation.

Introduction
Studies have demonstrated the effectiveness 
of carotid artery stenting (CAS) and carotid 

endarterectomy (CEA)  for the treatment of 
carotid stenosis in the prevention of stroke.1–3 
High rate of in-stent restenosis  (ISR) after 
CAS has been reported to vary between 5% 
and 11%,4 5 with the steady increasing cases 
in CAS, cases of ISR are also increasing in 
recent years.6–8 Different treatment options 
including CEA, repeated CAS, percutaneous 
transluminal angioplasty (PTA) with drug-
coated balloons (DCBs) or drug-eluting stents 
(DES) are available for treatment of ISR, but 
the optimal technique is not determined.9 10 
Most studies generally consist of case reports 
or small case series, and generally obtain 
short-term follow-up.11 To the best of our 
knowledge, until now a  total of  39 patients 
who underwent CEA with stent removal have 
been reported, no case has been reported 
recently since 2013.10 12 So, in this study, 
our experiences in surgical treatment of 10 
patients with ISR who  underwent CEA with 
stent removal with long-term follow-up in our 
centre were reported.

Methods
Patients
We retrospectively analysed 10 patients who 
visited the department of neurosurgery in 
our hospital between September 2012 and 
November 2016 because of ISR after CAS. 
Preoperative examination including digital 
subtraction angiography (DSA) and CT 
angiography  (CTA) (DSA for eight patients, 
CTA for two patients) of neck arteries was 
performed in all patients. The clinical data 
such as age, gender, arterial hypertension, 
hyperlipidaemia, diabetes mellitus, heart 
disease, degree and location of initial stenosis 
and the status of the contralateral side, preop-
erative symptom and history of transient 
ischaemic attack (TIA) or stroke were studied.
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Surgical treatment
Standard CEA with total removal of the stent was 
performed in all 10 patients by the same neurosurgeon 
Dr Zhang. The use of antiplatelet medication was not 
stopped before surgery. Intraoperative electrophysiolog-
ical monitoring was performed, shunt tube was not used 
in all cases. The hypoglossal nerve was protected and the 
carotid bifurcation was completely exposed in order to 
place clamps proximally and distally. A 3–10 cm length 
arteriotomy was performed over the stent. The length of 
the arteriotomy depended on the length and the location 
of the implanted stent. In all cases, the stent was removed 
as one single complex with intimal hyperplasia, endarter-
ectomy was done in the usual way without much difficulty. 
The artery was stitched up in a routine way without patch 
angioplasty.

Follow-up
Aspirin therapy  (300 mg) was administrated per 
day in 1 week after surgery then long-term aspirin 
therapy  (100 mg) after being discharged. CTA scan was 
performed within 1 week after surgery in all cases. Carotid 
ultrasound or CTA was repeated at 3 and 6 months and 
then yearly.

Results
Clinical characteristics of patients
In total,  10 patients (9 male and 1 female, mean age 
67.3) with ISR were treated by CEA with stent removal. 
Of these, nine patients had hypertension, three patients 
had hyperlipidaemia, three patients had diabetes mellitus 
and four patients suffered heart disease (one coronary 
heart disease and three arrhythmias). All of these under-
lying chronic diseases were under control after giving 
medical administration and operations were safe after 
overall assessment of these risk factors. The patients were 
suggested of standard medical administration to control 
their chronic diseases during the follow-up. Nine patients 
had a symptomatic restenosis, including an ischaemic 
stroke in one, repetitive TIAs in eight, and one patient 

had asymptomatic haemodynamically significant reste-
nosis. The rate of ISR in all cases was >70%, comprising 
contralateral occlusion in two and contralateral severe 
stenosis in one. The median time of recurrent symptoms 
after CAS was 6.5 months (range, 1–51 months). The 
detailed demographics for these cases are provided in 
table 1.

Surgical and follow-up results
The median time between CAS and CEA was 17 months 
(range, 2–54 months). Standard CEA was carried out in 
all patients, a 3–10 cm length arteriotomy was performed 
over the stent, the stents of all patients were removed as 
one single complex. No shunt tube and vascular patch 
were used in any cases. Carotid was opened with normal 
blood flow after stent removal in most patients, except 
for one patient where obstruction has happened in the 
carotid distal portion. A dissection in the arterial wall 
distal to the site of the stent was demonstrated by intra-
operative angiography. As the operation was done in 
the hybrid operation room (OR), a stent was implanted 
immediately after angiography. The patient sustained 
hypoglossal nerve dysfunction while in complete recovery 
7 days after surgery and was discharged in good health. 
An asymptomatic dissecting aneurysm was formed on the 
petrous internal carotid artery (ICA) in another patient 
who was followed up without intervention. The opera-
tive course of other patients was uneventful. One patient 
suffered cerebral hyperperfusion presenting with agita-
tion and cognitive disorder in the first day after surgery 
while in complete recovery when discharged.

During a mean follow-up of 25 months (range, 11–54 
months), one patient developed recurrent reste-
nosis of 40% on CTA imaging 5 months after surgery, 
80% 10 months after surgery and 90% 1 year after 
surgery (figure 1). One patient died 4 years later because 
of rectal cancer without recurrent ischaemic attack. All 
other eight patients remained asymptomatic, and none of 
them developed recurrent restenosis of >50% on carotid 
ultrasound or CTA imaging (table 2).

Discussion
So far, the optimal treatment option for ISR has not yet 
been determined. Different treatment options for ISR 
have been reported with good outcome including CEA, 
repeated CAS, PTA with DCBs or DES.13–16 However, 
no prospective studies could be carried out to directly 
compare these different techniques because of the low 
incidence. Most studies generally consist of case reports 
or small case series, and generally obtain short-term 
follow-up. More cases of ISR treated by new emerging 
endovascular techniques (DCBs or DES) have been 
reported than those of ISR treated by CEA with stent 
removal since 2005. To the best of our knowledge, until 
now a total of 39 patients who underwent CEA with stent 
removal have been reported, no case has been reported 
recently since 2013.10 17 Between September 2012 and 

Table 1  Baseline and clinical characteristics of patients

N %

Included patients 10 –

Mean age (years) (range) 67 (54–77) –

Sex (M) 9 90

Smoker 8 80

Hypertension 9 90

Hyperlipidaemia 3 30

Diabetes 3 30

Coronary artery disease 1 10

Arrhythmia 3 30

Transient hemispheric ischaemia 7 70

Dizziness 2 20
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November 2016, ten patients had been admitted to the 
department of neurosurgery in our hospital because of 
ISR after CAS. We analysed their clinical data and the 
longest follow-up (range, 11–54 months) had been done.

A total of 39 patients who underwent CEA with stent 
removal and about 200 patients who  underwent endo-
vascular treatment have been reported to date.10 The 
mean follow-up time was 48.8 months and 16 months, 
respectively. The rate of stroke between the two groups 
was not significantly different. Three patients among 
these 200 patients who  underwent endovascular treat-
ment have been reported with recurrent ISR while zero 
in CEA group. So, CEA with stent removal seems to have 
a low rate of recurrent ISR. However, CEA with stent 
removal operation needs more comprehensive assess-
ment and much better physical condition compared with 
endovascular treatment. Elderly patients at high risk for 
complications preferred endovascular treatment as it was 
a relatively simple operation compared with CEA.

Reports have revealed that the rate of in-stent stenosis 
among studies ranges from 5% to 11%, with an interval 

time of 12–20 months.3 5 18–20 In this series, the median 
time of recurrent symptoms after CAS was 6.5 months 
(range, 1–51 months), the median time between CAS and 
CEA was 17 months (range, 2–54 months). All patients 
are in old age (mean age 67 years) combined with hyper-
tension, which is the most common cause of carotid 
stenosis. Of these, nine patients were male while one was 
female. Male seems more common for recurrent stenosis. 
Earlier studies showed that most of the  cases with ISR 
are asymptomatic,21 22 but whether these patients should 
perform repeat revascularisation at all remains question-
able. However, 9 of 10 patients in our study were symp-
tomatic. All patients were discharged without symptom.

In earlier studies, in about 39 patients of CEA with stent 
removal included, the majority of patients were followed 
up with good outcomes. No case of recurrent stenosis has 
been reported.10 14 16 19 20 In our study, one patient devel-
oped restenosis of 40%, 80% and 90% on CTA imaging 
5 months, 10 months and 1 year after stent removal, 
respectively (figure 1). The patient was a 65-year-old man 
with hypertension for 7 years. He underwent a left CAS 

Figure 1  A 65-year-old man with a clinical diagnosis of in-stent restenosis on his left side by digital subtraction angiography 
and CTA (A and B, arrow), CTA on the fifth day after operation shows well (C). However, the patient developed recurrent 
restenosis of 40% on CTA imaging 5 months after surgery (D), 80% 10 months after surgery (E) and 90% 1 year after surgery (F). 
CTA, CT angiography.
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4 years ago because of severe stenosis in the left ICA and 
occlusion in the right ICA, severe limb (both arms and 
legs) weakness and numbness on his left side disappeared 
after stent implantation. However, he presented with 
recurrent left limb weakness and numbness 17 months 
later. CTA demonstrated recurrent stenosis, then the 
balloon angioplasty was done without stent implantation. 
Eleven months later, he received CEA with stent removal 
because of restenosis. As the contralateral ICA was occlu-
sion, his bilateral cerebral hemisphere was supported 
by the left ICA due to his open anterior communicating 
artery. Until now, the patient presented with mild limb 
weakness and numbness on his left side, endovascular 
treatment was suggested for him.

Until now, the standardised criteria and method for 
ISR are not defined.23 A wide range of ISR incidence was 
reported to  be caused by different imaging tools such 
as CTA, ultrasonography (US) and DSA. Of these, US is 
the most commonly used technique to monitor ISR after 
CAS.24 25 However, the results of US are not always precise 

and usually are  affected by some factors such as errors 
between different technicians. In our series, DSA and 
CTA were the most commonly used techniques to define 
ISR. DSA was performed in eight patients and CTA in 
two patients preoperatively. CTA or US was repeated at 3 
and 6 months and then yearly after surgery. Preoperative 
DSA showed that restenosis was observed inner stent in 
five patients, on the border between the proximal end of 
stent and ICA in one patient, and on the border between 
the distal end of stent and ICA in two patients. CTA could 
show restenosis on the proximal or distal ICA to stent well 
while not inner stent. So we strongly suggest using DSA 
for diagnosis of ISR. Of course, CTA was preferred for 
follow-up examination. All patients were usually required 
CTA examination within 7 days postoperatively and unob-
structed carotid was demonstrated in all patients.

Few perioperative technical difficulties or postproce-
dural compilations of CEA with stent removal have been 
reported in earlier studies.10 20 26 Our experience is that 
the complication of stent removal for symptomatic ISR was 

Figure 2  The patient is a 57-year-old man with a clinical diagnosis of in-stent restenosis on his left side by digital subtraction 
angiography and CT angiography (A–D, arrows), the implanted stent is very long and the carotid bifurcation is very high. A 
dissection in the arterial wall distal to the site of the stent was demonstrated by intraoperative angiography (E). The dissection 
disappeared after stenting (F).
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relatively higher but acceptable compared with CEA for 
CAS. The CEA operation for most cases with ISR is rela-
tively normal without much technical difficulties. However, 
in some cases, if the stent is long enough or placed in distal 
position out of the surgeon’s control, it will be difficult to 
operate, nerve dysfunction and dissection in the arterial 
distal position may happen. In our series, one patient was 
implanted with a long stent in the right ICA together with 
a high carotid bifurcation (figure 2). The blood flowed out 
well from the distal ICA when the stent was removed, but 
a dissection in the arterial wall distal to the site of the stent 
was demonstrated by intraoperative angiography after the 
carotid was closed. As the operation was done in the hybrid 
OR, a stent was implanted in the distal position of the right 
ICA immediately after angiography. The patient sustained 
hypoglossal nerve dysfunction while in complete recovery 
7 days after surgery and discharged in good health. Until 
now, he is well without any evidence of recurrent stenosis 
31 months later after surgery. An asymptomatic dissecting 
aneurysm was formed on the petrous ICA in another patient 

who was followed up without intervention. The patient was 
well without symptom until now. The indication for opera-
tion of stent removal was not yet defined. In our opinion, 
intimal hyperplasia was demonstrated in our cases after the 
stent specimens were dissected and the intimal hyperplasia 
was stable compared with atherosclerotic plaque. So the 
indication should be more rigid than normal CEA, symp-
tomatic ISR with severe stenosis is suggested, while stent 
removal for asymptomatic ISR needs further observation. 
On the other hand, we strongly suggest that intraopera-
tive angiography is needed after stent removal especially 
when the stent is long and the carotid bifurcation is very 
high. The hybrid OR  is a good choice for these patients 
(figure 3) if it is available. Two patients in our series were 
performed in the hybrid OR, and we demonstrated it  is 
significant.

Conclusion
Our experience suggests that CEA with stent removal is a 
reasonable choice, by experienced hand, for symptomatic 

Figure 3  The patient is a 76-year-old man with a clinical diagnosis of in-stent restenosis on his right side by digital subtraction 
angiography and CTA (A–C, arrows). The operation was done in the hybrid operation room because of the long stent and the 
high carotid bifurcation. Intraoperative angiography after stent removal and CTA on the sixth day after surgery show well (D, 
E). The stent was one single complex (F). CTA, CT angiography.
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ISR with relatively higher but acceptable complications. 
The indication of stent removal for symptomatic ISR 
should be more rigid than normal CEA and the indica-
tion for asymptomatic ISR needs further observation. The 
hybrid OR is a good choice for the patient with ISR if it 
is available.
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