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The middle-term outcome of 
carotid endarterectomy and 
stenting for treatment of ischemic 
stroke in Chinese patients
Lin Yang1, Jianlin Liu1, Guangyu Qi1, Yanzi Li2 & Yamin Liu1

This study aims to investigate the complication and middle-term outcome of carotid endarterectomy 
(CEA) and carotid artery stenting (CAS) in Chinese patients, which was a retrospective case-control 
study and perioperative complications and 2-year end points were analyzed. Follow-up was done by a 
certified doctor, and restenosis was detected by ultrasound. Operation success rate were 100% in two 
groups. CAS showed the higher incidence rate of all stroke/TIA at 30days post-procedure (7.89% VS 
1.85%, P = 0.038), odds ratio (OR) with 95% confidence interval, 4.54 (1.09–18.97), but there was no 
difference in the incidence rate of stroke subgroups, mortality and myocardial infarction between two 
groups. The higher incidence of hypertension with CEA (14.42% VS 5.26%, P = 0.012), OR: 2.90 (1.26–
6.65) and hypotension with CAS (14.91% VS 1.85%, P = 0.001), OR: 0.11 (0.03–0.42). No difference in all 
stroke, ipsilateral stroke and mortality between two groups at 24 months post-procedures, however, 
the total incidence rate of stroke/death was higher in CAS (12.84% VS 4.72%, P = 0.036), OR: 2.98 
(1.08,8.23). Higher restenosis rate of CAS was examined (13.76% VS 5.66%, P = 0.045), OR: 2.66 (1.02, 
6.74). CAS and CEA showed a similar middle-term outcome, but CAS showed a higher incidence rate of 
stroke and restenosis after operation.

Ischemic stroke is characterized by high mortality and morbidity, and according to epidemiology data, carotid 
stenosis is an independent high-risk factor for ischemic stroke, with extracranial cerebrovascular stenosis causing 
8% to 29% of all ischemic strokes1–4. Carotid endarterectomy (CEA) was initially proposed as the gold standard 
for the treatment of symptomatic carotid stenosis (≥70%) since it was established by Easctcott5. Carotid artery 
stenting (CAS) is a less invasive and effective treatment alternative for carotid stenosis, it eliminates the potential 
risk of general anesthesia and the local surgical complications of CEA, such as neck hematoma and cranial nerve 
injury6.

In recent decades, with developments in technology and experience, several large-scale randomized clinical 
trials (RCTs) and clinical comparative studies have reported varying outcomes3–7. But the meta-analyses in both 
symptomatic and asymptomatic patients have demonstrated superiority of CEA over CAS. These studies showed 
that CEA has a higher incidence of myocardial infarction (MI), while CAS is associated with a higher incidence of 
stroke8. However, these studies differed in terms of patient selection, experience of the surgeons, clinical parame-
ters, etc.9. Therefore, the true effects of CEA and CAS should be further evaluated, and the debate must continue. 
Moreover, there have been few reports on CAS and CEA outcomes in Chinese patients. Specifically, data are lack-
ing regarding the results of the two procedures for the same experienced team. In our study, the CEA and CAS 
procedures were performed by the same experienced vascular team, and we compared the complication rates of 
both operations and the mid-term endpoint results of both methods.

Results
Baseline data. A total of 248 patients were retrospective assessed, as intended. Of these patients, 108 under-
went CEA and 114 underwent CAS. There were no significant differences in demographics or baseline data 
between the two groups (Table 1). There were 67 patients with stroke and 41 patients with intermittent TIA in the 
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CEA group, and 77 patients with stroke and 37 patients with intermittent TIA in CAS. The rates of high-risk fac-
tors were as follows: i) the incidence of smoking: 63.89% in CEA and 71.05% in CAS; ii) the incidence of hyper-
tension: 60.19% in CEA and 65.79% in CAS; iii) type 2-diabetes: 28.70% in CEA and 26.32% in CAS; iv) CAD: 
14.81% in CEA and 15.79% in CAS; v) PAD: 12.04% in CEA and 14.04% in CAS; vi) hyperlipidemia: 27.78% in 
CEA and 29.82% in CAS; and vii) hyperhomocysteinemia: 77.78% in CEA and 74.56% in CAS.

Results of Operation. The technical success rate was 100%. There were 87 patients who underwent 
primary closure CEA (80.56%) and 21 who underwent patch closure (19.44%). Carotid shunts were used in 
64 patients (59.26%), with the blocking time of carotid being 18.11 ± 3.55 min and the operation time being 
56.06 ± 10.46 min.

All of the patients underwent balloon angioplasty and carotid stenting placement; the technical success rate 
was 100%. Every patient underwent pre-dilation (100%), and 23 patients (20.18%) underwent post-dilation 
after stenting. An open-cell stent was used in 99 patients (86.84%) and close-cell stents were used in 15 patients 
(13.16%). Sixty-six patients (57.89%) received a straight stent, while 48 (42.11%) received a tapered stent.

Complications of procedures. The complications after the procedures are listed in Table 2. CHS occurred 
in both groups, and there was no significant difference between CEA and CAS procedures in this regard (11.11% 
VS 13.16%, P > 0.05). Most patients showed a slight headache and recovered completely without medical treat-
ment, only a small number of patients received medical treatment and recovered completely. However, the inci-
dence of hypertension was higher in the CEA group (14.42% VS 5.26%, P = 0.012), and the odds ratio (OR) 
was 2.90 with 95% confidence interval (CI, 1,26–6.65); while that of hypotension was lower (1.85% VS 14.91%, 
P < 0.01) after revascularization, the OR was 0.11 with 95% CI (0.03–0.42). The incidence of wound- and 
puncture-related complications were similar for the CEA and CAS groups (P > 0.05). No deep vein thrombosis or 
infection was detected after the procedures. Although the incidence of cranial nerve palsy and ICA occlusion was 
not significantly different between the two groups, one patient (0.98%) in the CEA group experienced temporary 
hoarseness, which recovered 3 months after the operation. One patient (0.88%) in the CAS group experienced 
occlusion of ICA at 4 days after the procedures, and this patient underwent emergency thrombolysis (Urokinase) 
and timely thrombectomy, however, the patient still died at 10 days after the operation.

Outcome at 30 days post-procedure. The outcomes at 30 days post-operation are shown in Table 3. 
There were 3 patients in the CAS group who experienced a severe stroke, compared to no patients in the CEA 

CEA (n = 108) CAS (n = 114) P value

Gender(F/M) 24/84 30/84 0.48

Age(y) 63.31 ± 8.54 65.01 ± 7.59 0.12

Weight(Kg) 67.25 ± 8.69 66.65 ± 8.89 0.51

Stroke group 0.39

Stroke 67 77

TIA 41 37

Smoking 69 81 0.25

Hypertension 66 75 0.39

2-diabetes 31 30 0.69

CAD 16 18 0.84

PAD 13 16 0.66

Hyperlipidemia 30 34 0.74

H-HCY 84 85 0.57

Table 1. Demographics and baseline data in two groups. CEA:carotid endarterectomy; CAS:carotid artery 
stenting; TIA: transient ischemic attack; CAD: Coronary atherosclerotic disease; PAD, peripheral arterial 
disease; H-HCY:Hyperhomocysteinemia.

N (%) CEA (n = 108) CAS (n = 114) P value* OR (95% CI)

CHS 12 (11.11) 16 (13.16) 0.64 N/A

Hypotension 2 (1.85) 17 (14.91) <0.01 0.11 (0.03–0.42)

Hypertension 15 (14.42) 6 (5.26) 0.012 2.90 (1.26–6.65)

Hematoma 5 (4.63) 11 (9.65) 0.15 N/A

Cranial nerve palsy 1 (0.93) 0 (0) 0.98 N/A

ICA occlusion 0 (0) 1 (0.88) 0.98 N/A

DVT/Infection 0 0 Null N/A

Table 2. The complications after procedures. CEA: Carotid endarterectomy; CAS: Carotid artery stenting; CHS 
Cerebral hyperperfusion syndrome; ICA: Internal Carotid Artery; DVT: Deep Vein Thrombosis; OR: Odds 
ratio; 95% CI: 95% Confidence interval.
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group (2.63% VS 0%, P > 0.05). A minor stroke occurred in 6 patients in CAS group and 2 patients in CEA group, 
respectively (5.26% VS 1.89%, P > 0.05). However, the total number of strokes was higher in the CAS group 
(7.89% VS 1.85%, P = 0.038), and OR with 95% CI was 4.54 (1.09–18.97). Although there was no significant 
difference in mortality in both groups, all of the deaths occurred in the CAS group (1.75% VS 0%, P > 0.05); due 
to a severe stroke after the procedure, one patient died 10 days post-operation, and another patient died 4 weeks 
post-operation. The incidences of MI after the procedures were similar for the CAS and CEA groups (0.88% VS 
0.93%, P > 0.05). One patient in each group experienced a MI; both patients had elevated myocardial enzymes 
but no continuous change in the electrocardiogram. Moreover, the two patients did not show symptoms of angina 
or MI.

Outcome of follow-up. All patients were followed up on an outpatient basis, and the recorded data are 
shown in Table 4. The mean follow-up period was 24.57 ± 13.61 months (range, 3–54 months) in the CAS group 
and 25.24 ± 12.68 months (range, 3–52 months) in the CEA group. Two patients in the CEA group and three 
patients in the CAS group were lost to follow-up. During the observation period, 3 patients died after CAS and 
no patients died after CEA (2.76% VS 0%, P > 0.05). Each group had 2 patients who experienced angina pectoris 
(1.83% VS 1.89%, P > 0.05); these patients received further cardiology care.

In the CAS group, three ipsilateral strokes (minor strokes) and two nonipsilateral strokes occurred, with no 
hemorrhaging or deaths. In the CEA group, nine ipsilateral strokes (8 minor and one disabling) and two nonip-
silateral strokes occurred; no hemorrhaging occurred, but there were three deaths. No significant differences 
were observed for any type of stroke between the two groups. The incidences of total stroke (10.09% VS 4.72%, 
P > 0.05) and ipsilateral stroke (8.26% VS 2.83%, P > 0.05) in the CAS group were 2.14 times and 2.92 times the 
CEA group, respectively, and the incidence of death/stroke were also higher in the CAS group (12.84% VS 4.72, 
P = 0.036), and OR with 95% CI was 2.98 (1.08–8.23).

The long-term outcome was evaluated based on restenosis, which was evaluated after the operation by the 
same ultrasound team. CAS procedures resulted in a higher restenosis rate (13.76% VS 5.66%, P = 0.045), OR was 
2.66 with 95% CI (1.02–6.74). The first restenosis without symptoms was detected at 6 months after CAS and at 15 
months after CEA. The recurrence of ipsilateral stroke was examined in these restenosis patients, and the relative 
risk of recurrent stroke in CAS restenosis patients was 1.52 times higher than in CEA restenosis patients; however, 
this difference was not statistically significant (P > 0.05).

Discussion
The costs of treatment and rehabilitation for stroke and sequelae are enormous economic and social burdens; thus 
prevention of stroke recurrence is the main purpose of the treatment of carotid artery stenosis2,3. Both CEA and 
CAS are the main methods of treating symptomatic carotid stenosis, although several studies have demnostrated 
that CAS have the similar clinical effect with CEA procedure, many of these study suffered from a lack of opera-
tor experience, patients selection difference. Alternatively, the quality of CAS procedure and baseline data were 
inconsistent10,11. For these reasons, the relative clinical outcomes of CAS and CEA performed by experienced 
physicians in patients with homogeneous baseline data are unknown. In this study, we clearly defined the surgical 
experience of the physicians, avoiding potential differences in outcomes. We found that CEA and CAS showed 
similar mid-term outcomes, whereas CAS had a higher incidence of stroke/TIA at 30 days after the procedure. 
However, there was no difference in the incidence of MI between the two procedures.

N (%) CEA (n = 108) CAS (n = 114) P value OR (95% CI)

All stroke 2 (1.85) 9 (7.89) 0.038 4.54 (1.09–18.97)

Severe stroke 0 (0) 3 (2.63) 0.26 N/A

Small stroke 2 (1.89) 6 (5.26) 0.32 N/A

Death 0 (0) 2 (1.75) 0.50 N/A

Myocardial infarction 1 (0.93) 1 (0.88) 0.50 N/A

Table 3. Outcome at 30 days after procedures. CEA: Carotid endarterectomy; CAS: Carotid artery stenting; OR: 
Odds ratio; 95% CI: 95% Confidence interval.

N (%) CEA (n = 106) CAS (n = 109) P value OR(95% CI)

Total stroke 5 (4.72) 11 (10.09) 0.13 N/A

Ipsilateral stroke 3 (2.83) 9 (8.26) 0.08 N/A

Nonipsilateral stroke 2 (1.90) 2 (1.83) 0.59 N/A

Hemorrhagic stroke 0 0 Null N/A

Death 0 (0) 3 (2.76) 0.25 N/A

Death/Stroke 5 (4.72) 14 (12.84) 0.036 2.98(1.08–8.23)

Myocardial infarction Restenosis 2 (1.89) 6 (5.66%) 2 (1.83) 15 (13.76) 0.59 0.045 N/A 2.66(1.02–6.74)

Table 4. The middle term of CEA and CAS procedures. CEA: Carotid endarterectomy; CAS: Carotid artery 
stenting; OR: Odds ratio; 95% CI: 95% Confidence interval.
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Ischemic stroke caused by carotid stenosis is the local manifestation of cerebral vascular or systemic ath-
erosclerotic disease. In our study, the patients showed a higher incidence of peripheral arterial disease, hyper-
lipidemia, hypertension, type-2 diabetes and smoking; these high risk factors could affect the outcome of the 
procedures. Current studies have shown that CEA and CAS are effective in stroke prevention. However, the CEA 
group showed a higher incidence of MI, and the CAS group showed a higher incidence of stroke. The success 
rates of both techniques were 100% in the present study, although CAS showed a higher incidence of stroke/TIA 
at 30 days. However, when the subtypes of stroke were further analyzed, there were no significant differences in 
the incidences of severe stroke or minor stroke/TIA. This result may be related to the small sample size, although 
these findings are consistent with the previous reports12,13. Stroke after CAS might be related to the stimulation 
of intraoperative balloon dilatation and CPD movement in the ICA. Moreover, intraoperative plaque loss can 
lead to fatal or disabling strokes14. Stroke after CEA might be related to artery clamping, micro-thromboses in 
the operative sites or stimulation of the ICA by the carotid shunt. Therefore, the incidence of stroke could be 
lowered by reducing the use of shunts, increasing the intraoperative blood pressure and enhancing intraoperative 
monitoring. Although there was no difference in mortality between the CEA and CAS groups, it should be noted 
that all deaths occurred in the CAS group, which might be associated with a higher incidence of severe stroke 
after CAS. Moreover, previous reports found that CEA is associated with a higher incidence of MI. The evaluation 
criteria for these previous studies were primarily elevated myocardial enzymes and an altered ECG; however, 
coronary artery stenosis was not evaluated. Therefore, some patients with a potentially high risk of MI might have 
been included in these studies, leading to a biased outcome, which was one of the main reasons why CEA has a 
higher reported incidence of MI15. To avoid potentially biased results, we defined the extent of CAD symptoms 
and the extent of coronary artery stenosis; thus, MI after CEA and CAS procedures should be directly evaluated. 
Our study demonstrated that there was no difference in the incidence of MI after the two procedures, a result that 
differs from those of previous studies.

The most common complication after carotid revascularization is CHS, and a large volume of clinical literature 
has shown that the incidence of CHS is between 0.44% and 11.7% following CEA and 0.4% to 14% after CAS16. 
In our study, we found that the incidences of CHS were similar after either procedure (11.27% VS 13.89%). All 
patients showed mild symptoms, such as headache etc. However, after treatment, all of the symptoms disappeared 
and no cerebral hemorrhage was observed. Because of the stimulation of the carotid sinus during the procedures, 
hypertension and hypotension were common hemodynamic complications after carotid revascularization. Our 
results demonstrated that patients showed a higher incidence of hypertension after CEA. However, the patients 
showed a higher incidence of hypotension after CAS, an effect related to the continuous compression of carotid 
stents. Post-procedural hypotension is associated with increased post-procedural adverse events. High-risk 
patients should be aggressively managed to prevent increased morbidity and mortality due to post-procedural 
hypotension17. In addition, the incidence of post-operative hematoma was quite different (from 1.4% to 26%)18,19. 
If treatment is not timely or inappropriate, a secondary surgery is often required, leading to increased medical 
costs, a longer hospital stay and an elevated rate of complications. Our data showed a similar incidence of hemat-
oma as in previous studies, with no patients developing severe symptoms or requiring secondary procedures. 
It has been previously reported that CEA might injure the cranial nerve (CN), but a wide range of incidences 
has been reported (from 2% to 27%). These differences might be associated with the surgical practice, different 
instruments and the surgical habits of the surgeons20,21. In our study, we protected the CN through the use of a 
standard procedure and microsurgical instruments; only one temporary case of CN palsy occurred, which recov-
ered within 3 months. Furthermore, there were no other complications, such as deep vein thrombosis, incision 
infection or pseudoaneurysm, although these complications have been previously reported.

Many reports have demonstrated that CEA has better long-term outcomes, but the long-term outcome of CAS 
has remained controversial. Moreover, a relative higher incidence of stroke and mortality following CAS has been 
reported22. However, a recent study found that the long-term outcome and risk of fatal or disabling stroke were 
similar for CEA and CAS for the treatment of symptomatic carotid stenosis23. In our study, all of the patients were 
followed up for approximately two years; we found similar mid-term outcomes for the two procedures. Although 
there were no significant differences in total stroke/TIA, ipsilateral stroke or mortality, CAS showed a higher inci-
dence of total negative events (stroke and death). The long-term outcome of carotid revascularization was affected 
by the restenosis of the carotid, which can lead to the recurrence of stroke. The SPACE trial showed a restenosis 
rate of 4.6% in patients undergoing CEA and 10.7% in patients undergoing CAS at 2 years after revascularization, 
and partial restenosis led to stroke recurrence24. Owing to the varying criteria (50% or 70%) of restenosis used in 
different trials, different restenosis rates after revascularization have been reported. Moreover, the determination 
of restenosis is also affected by the physician’s experience level and ultrasonic testing25.

In this study, we defined restenosis as above 50%, and all of the patients were examined by the same ultra-
sound team. More restenosis was observed in the CAS group, with the first cases being found 6 months after 
CAS and 15 months after CEA. Furthermore, although there was no difference between the groups with respect 
to the recurrence of stroke/TIA, such recurrence was more common in the CAS group. Restenosis within 6 to 
24 months was usually attributed to neointimal fibrous hyperplasia, whereas late recurrence after 24 months was 
chiefly due to the progression of atherosclerosis. However, restenosis after CAS was related to incomplete stent 
expansion, residual stenosis and radial contraction of the artery26,27. In most CAS procedures, we defined residual 
stenosis less than 30% as a technical success; this definition may have led to an increased restenosis rate given that 
we defined restenosis as above 50% stenosis. Although self-expanding stents are characterized by a continuous 
radial expansion force, no data are available regarding whether residual stenosis of the carotid could be alleviated 
using such a stent, allowing the vessel to return to a normal diameter after the operation27. In the present study, 
we found that restenosis might be associated with the recurrence of a minor stroke/TIA, but a specific relationship 
between restenosis and recurrent symptoms cannot be determined; therefore, regular follow-ups and ultrasound 
surveillance are necessary.
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In conclusion, we evaluated CEA and CAS using precisely defined selection criteria, experienced surgeons, 
and homogeneous cases. The results suggested a higher incidence of stroke in the CAS group and no difference 
in the incidence of MI. CAS showed a higher rate of restenosis. However, due to the limitation of study such 
as the small sample size, non-randomization and a single center study, the results need to be confirmed with 
multi-center RCTs.

Patients and Methods
Patients. Patients with symptomatic carotid stenosis were retrospective assessed between June 2012 and June 
2016. Suitable patients were collected. All of the patients were divided into a CEA or CAS group, and the clinical 
data were collected and analyzed for a prospective case-control study.

Inclusion criteria. (i) The patient was symptomatic for carotid stenosis; (ii) the carotid was severely stenotic 
(≥70% according to the ECST study28); (iii) contralateral stenosis was less than 50%; (iv) there were no symptoms 
of coronary atherosclerosis disease (CAD); (v) stenosis of the coronary artery was less than 50%; (vi) the carotid 
anatomy was suitable for CEA and CAS; (vii) the patient was less than 75 years of age; (viii) the vascular doctors 
had performed more than 200 CEA and CAS surgeries and had surgical experience of at least five years; and (ix) 
there were no other surgical contraindications.

Exclusion criteria. (i) Symptoms of CAD with asymptomatic coronary arterial stenosis of more than 50%; (ii) 
important organ dysfunction; (iii) uncontrolled hypertension with systolic pressure was more than 180 mmHg; 
(iv) carotid anatomy was only suitable for CEA or CAS; (v) any hemorrhagic disease within six months; (vi) bilat-
eral carotid stenosis or unilateral carotid occlusion; (vii) intracranial artery stenosis was more than 70%; (viii) 
fasting blood glucose was more than 11 mmol/L; and (ix) patient refusal.

All of the patients were examined by computational tomography (SOMATOM Definition AS+, Erlangen, 
Germany) and duplex ultrasound (ATL 3500 HDI; ATL Ultrasound, Bothell, WA, USA). The patients then under-
went digital subtraction angiography (DSA), and the cerebrovascular and coronary artery were evaluated. This 
trial was approved by the local ethics committee and institutional review board; all of the patients provided writ-
ten informed consent.

Procedures: CEA procedures. (Supplemental Figure I) CEA was performed under general anesthesia. 
When the arotid reflux pressure was below 40 mmHg, the shunt was used. Primary closure or patch closure were 
performed; a patch was used when the diameter of the intracarotid artery (ICA) was less than 5 mm. The intra-
operative monitor procedures was same as CAS procedures. Systemic heparinization (100U/Kg) was used and 
reversed when carotid anastomosis completed.

CAS procedures. CAS was operated following a standardized protocol in hybrid operation room equipped 
with a high-quality imaging system (Axiom Artis FA; Siemens, Erlangen, Germany). On-table rotational angiog-
raphy was used in selected cases to better visualize the stenosis and to select the optimal working projection. All 
of the surgeries were performed under local anesthesia. Systemic heparinization (100 U/kg) was administered 
routinely after the femoral sheath implantation and not reversed at the end of the procedure. Residual stenosis 
after stenting of less than 30% was defined as a technical success (Supplemental Figure II).

All of the procedures were performed with cerebral protection devices (CPD) and different stent models (open 
or closed cell, tapered or straight stents). The specific materials used was according to the carotid anatomy and 
features of lesion. All CPDs were distal filters, namely, Emboshield Filter (Abbott Laboratories, Abbott Park, Ill, 
USA) (n = 38, 33.3%) or Spide RX Filters (EV3, Plymouth, Minn, USA) (n = 76, 66.7%). Self-expandable stents 
were of a closed-cell design in 15 cases (13.2%, Carotid Wallstents, Boston Scientific Corp, Natick, Mass, USA); 
open-cell in 29 cases (Acculink system, Abbott, 25.4%) and 76 cases (Protege Rx Stent System, EV3, 61.4%). 
Stent size and length were chosen according to preoperative measurements of the target vessel using a Doppler 
ultrasound scan and by intraoperative measurements using DSA film. Closure devices were used in all CAS cases. 
In all patients, predilation of the internal carotid lesion was performed with a 3.5–4.0-mm balloon catheter. 
Post-dilatation using 5-mm balloons was also performed after stent deployment to achieve optimal stent strut 
position.

Evaluation and follow-up of patients. All of the patients had been taking aspirin (100 mg) and atorvas-
tatin calcium (20 mg) at least every day since the onset of symptoms or the diagnosis of significant stenosis of 
the treated ICA; use of this regimen was continued indefinitely. Clopidogrel was started 3 days before the CAS 
procedure (75 mg daily). Aspirin and clopidogrel were continued for up to 90 days in all CEA and CAS patients, 
followed by aspirin alone at 100 mg per day. A heparin bolus (5000–10,000 IU) was administered during the 
procedure. The occurrence of neurologic adverse events during the procedures was recorded. All patients were 
examined pre- and post-operatively by an independent vascular physician.

The degree and features of stenosis lesion at baseline and during follow-up were evaluated with duplex ultra-
sound by the same experienced team. “Complex carotid plaque” was determined by ultrasound, the plauqe 
suggesting irregular plaque surface, uneven echogenicity and a soft appearance of plaque. These results were 
reconformed by intraoperative evaluation during procedures. The degree of carotid stenosis was determined by 
standard measurements via angiography.The CT or MR examination was performed for all patients to evaluate 
whether the new lesions were present.
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Follow-up. Periodic clinical and ultrasound examinations were carried out at outpatient (6, 12 months, and 
thereafter each year), all symptoms were assessed and recorded.Restenosis (>50%) was deterined by ultrasound 
team29,30. According to the discharge guidance document, patients need to report any new neurological symptoms 
occurred. Any definite or uncertain neurological symptoms after procedures were assessed by a independent vas-
cular specialist at outpatient. When the revascularization procedures was being reconsidered, the CT angiography 
or angiography would be performed.

Clinical Outcomes and Complications. Stroke/TIA were defined as any new neurological event per-
sisting >24 h and included three sub-types: fatal, disabling (mRS ≥ 3) and non-disabling (mRS < 3)31. A transient 
ischemic attack was defined as an acute disturbance of focal neurological function with symptoms lasting less 
than 24 h and attributed to cerebrovascular disease32. Fatal and disabling events were defined as a severe stroke, 
while non-disabling and TIA were defined as a minor stroke. Myocardial infarction (MI) was defined by the 
presence of two of the following three criteria: specific cardiac enzymes more than twice the upper limit of nor-
mal; a history of chest discomfort for at least 30 min; or the development of specific abnormalities (e.g., Q waves) 
on a standard 12-lead electrocardiograph20. Death or myocardial infarction were defined as procedural if they 
occurred after stenting or endarterectomy.

The primary outcome was the incidence of any stroke or death at 30 days. The secondary outcomes were 
any stroke, disabling stroke, TIA, MI, and procedures related complications occurred at 30 days. Late outcomes 
included the combined endpoint of ipsilateral stroke after procedure; any peri-procedural stroke or death; and 
the rates of restenosis after procedure.

Complications. Surgical complications were defined and recorded as cranial nerve (CN) palsy, hematoma, 
wound infection, and deep venous thrombosis. Hematoma was defined as documentation of a wound hematoma 
or wound-related bleeding, as described in previous reports, or the puncture site-related ecchymosis was greater 
than 5 cm in diameter18,20. Cardiac arrhythmias were defined as events requiring antiarrhythmic medication or 
a pacemaker. Symptomatic hypertension was defined as systolic blood pressure >160 mm Hg or diastolic blood 
pressure >100 mm Hg lasting >24 h after the operation and requiring medication therapy. Also considered was 
symptomatic hypotension not associated with bleeding or cardiac failure, with symptoms due to systolic blood 
pressure of 90 mm Hg requiring administration of a vasopressor agent33. Cerebral hyperperfusion syndrome 
(CHS) was defined as previously reported34,35, in brief, the CHS was determined by the detection the blood flow 
of cerebral artery via TCD and the clinical symptoms of patients, such as headache, dizziness, mental disorders, 
et al. and then excluding new ischemia events and pharmacologic cause.

Statistical analysis. All of the data were analyzed using SPSS 11.0 (SPSS, Chicago, IL, USA), and p < 0.05 
was considered statistically significant, and the odds ratio and 95% confidence intervals were calculated to reeval-
uated the effect of significant difference between CEA and CAS groups. Categorical data were analyzed using a 
chi-square test, and continuous data were first tested for normality. Normally distributed data are presented as 
the mean (SD), and the hypothesis significance testing was performed with paired and unpaired t-tests. If the data 
were not normally distributed, median (interquartile range) values were presented and were analyzed using the 
Mann-Whitney U test for unrelated samples and the Wilcoxon signed rank test for paired data.

References
 1. Roger, V. L. et al. Heart disease and stroke statistics-2011 update: a report from the American Heart Association. Circulation 123, 

e18–209 (2011).
 2. Rosamond, W. et al. Heart disease and stroke statistics–2007 update: a report from the American Heart Association Statistics 

Committee and Stroke Statistics Subcommittee. Circulation 115, e69–71 (2007).
 3. Meyers, P. M., Schumacher, H. C., Higashida, R. T., Leary, M. C. & Caplan, L. R. Use of stents to treat extracranial cerebrovascular 

disease. Annu Rev Med 57, 437–54 (2006).
 4. Ricotta, J. J. et al. Updated Society for Vascular Surgery guidelines for management of extracranial carotid disease. J Vasc Surg 54, 

e1–31 (2011).
 5. Eastcott, H. H. G., Pickering, G. W. & Rob, C. G. Reconstruction of internal carotid artery in a patient with intermittent attacks of 

hemiplegia. Lancet 264, 994–6 (1954).
 6. Roubin, G. S. et al. Immediate and late clinical outcomes of carotid artery stenting in patients with symptomatic and asymptomatic 

carotid artery stenosis: a 5-year prospective analysis. Circulation 103, 532–7 (2001).
 7. Halliday, A. et al. 10-year stroke prevention after successful carotid endarterectomy for asymptomatic stenosis (ACST-1): a 

multicentre randomised trial. Lancet 376, 1074–84 (2010).
 8. Kolkert, J. L., Meerwaldt, R., Geelkerken, R. H. & Zeebregts, C. J. Endarterectomy or caro tid artery stenting: the quest continues part 

two. Am J Surg 209, 403–12 (2015).
 9. Murad, M. H. et al. Endarterectomy vs stenting for carotid artery stenosis: a systematic review and meta-analysis. J Vasc Surg 48, 

487–93 (2008).
 10. Barnett, H. J. et al. Benefit of carotid endarterectomy in patients with symptomatic moderate or severe stenosis. North American 

Symptomatic Carotid Endarterectomy Trial Collaborators. N Engl J Med 339, 1415–25 (1998).
 11. Endovascular versus surgical treatment in patients with carotid stenosis in the Carotid and Vertebral Artery Transluminal 

Angioplasty Study (CAVATAS): a randomised trial. Lancet 357, 1729–37 (2001).
 12. Stingele, R. et al. Clinical and angiographic risk factors for stroke and death within 30 days after carotid endarterectomy and stent-

protected angioplasty: a subanalysis of the SPACE study. Lancet Neurol 7, 216–22 (2008).
 13. Bonati, L. H. et al. Short-term outcome after stenting versus endarterectomy for symptomatic carotid stenosis: a preplanned meta-

analysis of individual patient data. Lancet 376, 1062–73 (2010).
 14. Lam, R. C. et al. The impact of increasing age on anatomic factors affecting carotid angioplasty and stenting. J Vasc Surg 45, 875–80 

(2007).
 15. Brott, T. G. et al. For the CREST Investigators. Stenting versus endarterectomy for treatment of carotidartery stenosis. N Engl J Med 

363, 11–23 (2010).
 16. Farooq, M. U., Goshgarian, C., Min, J. & Gorelick, P. B. Pathophysiology and manage- ment of reperfusion injury and hyperperfusion 

syndrome after carotidendarterec- tomy and carotid artery stenting. Exp Transl Stroke Med 8, 7 (2016).



www.nature.com/scientificreports/

7Scientific REpoRTS |  (2018) 8:4697  | DOI:10.1038/s41598-018-23061-7

 17. Park, B. D. et al. Predictors of clinically significant postprocedural hypotension after carotid endarterectomy and carotid angioplasty 
with stenting. J Vasc Surg 50, 526–33 (2009).

 18. Taha, M. M. et al. Access site complications with carotid angioplasty and stenting. Surg Neurol 68, 431–7 (2007).
 19. Chiesa, R., Melissano, G., Castellano, R., Frigerio, S. & Catenaccio, B. Carotid endarterectomy: experience in 5425 cases. Ann Vasc 

Surg 18, 527–34 (2004).
 20. Greenstein, A. J. et al. Association between minor and major surgical complications after carotid endarterectomy: Results of the New 

York Carotid Artery Surgery study. J Vasc Surg 46, 1138–46 (2007).
 21. Cunningham, E. J., Bond, R., Mayberg, M. R., Warlow, C. P. & Rothwell, P. M. Risk of persistent cranial nerve injury after carotid 

endarterectomy. J Neurosurg 101, 445–8 (2004).
 22. Murad, M. H., Shahrour, A., Shah, N. D., Montori, V. M. & Ricotta, J. J. A systematic review and meta-analysis of randomized trials 

of carotid endarterectomy vs stenting. J Vasc Surg 53, 792–7 (2011).
 23. Bonati, L. H. et al. Long-term outcomes after stenting versus endarterectomy for treatment of symptomatic carotid stenosis: the 

International Carotid Stenting Study (ICSS) randomized trial. Lancet 385, 529–38 (2015).
 24. Eckstein, H. H. et al. Results of the Stent Protected Angioplasty versus Carotid Endarterectomy (SPACE) study to treat symptomatic 

stenoses at 2 years: a multinational, prospective, randomised trial. Lancet Neurol 7, 893–902 (2008).
 25. Lal, B. K. et al. Restenosis after carotid artery stenting and endarterectomy: a secondary analysis of CREST, a randomised controlled 

trial. Lancet Neurol 11, 755–63 (2012).
 26. AbuRahma, A. F., Bates, M. C., Stone, P. A. & Wulu, J. T. Comparative study of operative treatment and percutaneous transluminal 

angioplasty/stenting for recurrent carotid disease. J Vasc Surg 34, 831–8 (2001).
 27. Arquizan, C. et al. Restenosis is more frequent after carotid stenting than after endarterectomy: the EVA-3S study. Stroke 42, 1015–20 

(2011).
 28. The European Carotid Surgery Trialists’ Collaborative Group. Randomised trial of endarterectomy for recently symptomatic carotid 

stenosis: final results of the MRC European Carotid Surgery Trial (ECST). Lancet 351, 1379-87 (1998).
 29. Faught, W. E. et al. Color-flow duplex scanning of carotid arteries: New velocity criteria based on receiver operator characteristic 

analysis for threshold stenoses used in the symptomatic and asymptomatic carotid trials. J Vasc Surg 19, 818–27 (1994).
 30. Padayachee, T. S., Cox, T. C., Modaresi, K. B., Colchester, A. C. & Taylor, P. R. The measurement of internal carotid artery stenosis: 

comparison of duplex with digital subtraction angiography. Eur J Vasc Endovasc Surg 13, 180–5 (1997).
 31. Bouri, S. et al. Hypertension and the post-carotid endarterectomy cerebral hyper- perfusion syndrome. Eur J Vasc Endovasc Surg 41, 

229–37 (2011).
 32. Ederle, J. et al. Carotid artery stenting compared with endarterectomy in patients with symptomatic carotid stenosis (International 

Carotid Stenting Study): An interim analysis of a randomised controlled trial. Lancet 375, 985–97 (2010).
 33. Gröschel, K. et al. Incidence and risk factors for medical complications after carotid artery stenting. J Vasc Surg 42, 1101–6 (2005).
 34. Schaafsma, A., Veen, Lv & Vos, J. P. Three cases of hyperperfusion syndrome identified by daily transcranial Doppler investigation 

after carotid surgery. Eur J Vasc Endovasc Surg 23, 17–22 (2002).
 35. Bouri, S. et al. Hypertension and the post-carotid endarterectomy cerebral hyperperfusion syndrome. Eur J Vasc Endovasc Surg 41, 

229–37 (2011).

Acknowledgements
This manuscript was proofread by Prof. Eric Verhoeven (Klinikum Nuremberg, German), and supported by 
Natural Science Foundation of China (NO.8140 0660) and Shaanxi Province (NO. 2015JM8423). The english 
language of this article was edited by American Journal Experts (AJE) group.

Author Contributions
L.Y. and J.L.L. study concept and design. L.Y. and J.L.L.: data analysis/interpretation and manuscript drafting. 
L.Y., J.L.L., G.Y.Q., Y.Z.L. and Y.M.L.: patient management. L.Y.: data acquisition. J.L.L. and L.Y.: critical revision 
of manuscript for intellectual content.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-23061-7.
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://dx.doi.org/10.1038/s41598-018-23061-7
http://creativecommons.org/licenses/by/4.0/

	The middle-term outcome of carotid endarterectomy and stenting for treatment of ischemic stroke in Chinese patients
	Results
	Baseline data. 
	Results of Operation. 
	Complications of procedures. 
	Outcome at 30 days post-procedure. 
	Outcome of follow-up. 

	Discussion
	Patients and Methods
	Patients. 
	Inclusion criteria. 
	Exclusion criteria. 

	Procedures: CEA procedures. 
	CAS procedures. 
	Evaluation and follow-up of patients. 
	Follow-up. 
	Clinical Outcomes and Complications. 
	Complications. 

	Statistical analysis. 

	Acknowledgements
	Table 1 Demographics and baseline data in two groups.
	Table 2 The complications after procedures.
	Table 3 Outcome at 30 days after procedures.
	Table 4 The middle term of CEA and CAS procedures.




