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Abstract: Objective: To investigate therapeutic effect of carotid artery stenting versus endarterectomy for patients 
with high-risk carotid stenosis. Methods: A total of 130 carotid stenosis patients at high-risk of stroke were randomly 
divided into stenting group and endarterectomy group, including 65 patients in each group. The patients in the 
endarterectomy group underwent endarterectomy and those in the stenting group received carotid artery stenting 
for treatment. Results: After operation, carotid intima-media thickness (IMT), plague areas and carotid artery resis-
tance indexes in both groups decreased significantly, and the carotid artery peak blood flow velocities increased sig-
nificantly and had significant differences with that before operation (P < 0.05). After operation, total cholesterol (TC), 
triglyceride (TG) and low density lipoprotein (LDL) values in two groups all significantly decreased, and intragroup 
and intergroup differences were statistically significant (P < 0.05). Postoperative three months of followed-up found 
that the mortality rate in stenting group was 1.5% and that in the endarterectomy group was 9.2%; the mortality 
rate in the stenting group was significantly lower than the endarterectomy group (P < 0.05). Conclusion: Compared 
with carotid endarterectomy, application of carotid artery stenting can effectively promote patency of blood flow in 
the carotid artery, and exertion of its effect is related to lowering lipid and lowering inflammatory factor expression.
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Introduction

Carotid stenosis is an important cause of stroke 
and has become the leading cause of adult dis-
ability today [1]. A survey shows that now about 
a quarter of the incidence of stroke is related to 
carotid atherosclerotic stenosis, which is a clin-
ically important high-risk disease [2]. At pres-
ent, a study shows that presence of carotid ste-
nosis, severity, progression situation and shed-
ding of atheromatous embolus all play impor-
tant roles in the pathogenesis of stroke [3]. 
Lowering blood lipids and expanding blood ves-
sels are helpful to prevent the occurrence and 
development of carotid stenosis, thereby reduc-
ing the incidence of stroke. Currently clinical 
interventions for high-risk carotid stenosis 
mainly include drug treatment, surgical opera-
tion and interventional treatment [4]. Among 
them, drug treatments were used for anti-plate-
let aggregation, anticoagulation, lowering blood 
lipids, lowering blood pressure, controlling 

blood sugar, etc. and can effectively relieve 
symptoms, but do not significantly improve the 
pathological stenosis [5]. In interventional and 
surgical treatments, currently carotid endarter-
ectomy (CEA) is used as the classic operation 
for treating carotid stenosis and preventing 
stroke, and with the increase of carotid steno-
sis detection rate, its application gradually 
increases; surgery has become the gold stan-
dard of treating severe carotid stenosis, how-
ever, it can cause some trauma to patients, 
leading to postoperative inflammation, such as 
increase of C reactive protein (CRP) level [6, 7]. 
In recent years, with the rapid development of 
minimally invasive interventional technique, 
carotid artery stenting (CAS) has become a safe 
and effective means for treating carotid steno-
sis [8]. Therefore, this study has specially com-
pared the prognostic effects of carotid endar-
terectomy and stenting in high-risk carotid ste-
nosis patients. 
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The stenting group: The patients underwent 
carotid artery stenting for treatment. Through 
the femoral artery, Seldinger technique was 
used to insert a 90 cm 8F long sheath, which 
coordinated with a 300 cm alternating guide 
wire and a 125 cm angiography tube to consti-
tute a triangle long sheath system; then, a 
superhard guide wire was used to send the tri-
angle long sheath system to the site of the 
carotid stenosis for performing carotid angiog-
raphy and clarifying the nature of the stenosis 
part. An appropriate stent was selected. Under 
the guide of angiography, through the triangle 
long sheath system the 300 cm alternating 
guide wire was sent to petrous segment level of 
the carotid artery and then the stent system 
was sent to the site of the carotid stenosis. 
After confirmation of angiography, a self-
expanding stent was released. 

Symptomatic treatments including antihyper-
tensive, lipid-lowering and sugar-lowering treat-
ments were actively given to all patients; rou-
tine oral aspirin was also given, and platelet 
function was periodically reexamined and 
according its result, aspirin dose was adjusted; 
if the efficacy was not good, clopidogrel was 
added.

Ultrasound observation

Carotid ultrasonography was performed by 
using an American HD15000-type color ultra-
sound instrument; frequency of the superficial 
probe was 6.0-7.5 MHz; the examined sites 
included bilateral common carotid artery, inter-
nal carotid artery. Longitudinal section exami-
nation along the blood vessels was performed 
for measuring and calculating carotid intima-
media thickness (IMT) and the plaque’s largest 
area, and the measurement was performed 
one month before and after operation. 
Meanwhile, color blood flow signals were used 
to observe blood filling, and pulsed Doppler 
was used to measure blood flow spectrum. 
Sampling volume was placed at the brightest 
color blood flow in the blood vessel longitudinal 
section; blood flow spectrum was displayed 
during continuous three cardiac cycles, and 
image was frozen for measurement and the 
average value was taken. The indicators for 
measurement and calculation included the 
common carotid artery’ carotid artery resis-
tance index and carotid artery peak blood flow 
velocity, etc., and the measurement was also 

Materials and methods

Study subjects

From September 2011 to November 2013, 
patients at high-risk of stroke who were hospi-
talized in our hospital were selected, and inclu-
sion criteria were: Meeting the diagnostic crite-
ria for patients at high-risk of stroke; angio-
graphically confirmed carotid stenosis (com-
mon carotid artery trunk and (or) bifurcation 
and (or) the initial segment of the internal carot-
id artery) and the degree of stenosis ≥ 50%; 
consent of a patient and his (her) relative; 
expected survival of more than one month; 
existence of complete follow-up data. Exclusion 
criteria were: A patient with abnormal heart, 
liver, kidney and other functions; dropouts dur-
ing the study; pregnant and postmenopausal 
women. The selected patients included 67 
males and 53 females; the youngest one was 
46 years old and the oldest one was 78 years 
old with average of 60.52 ± 6.53 years old; con-
comitant diseases were: 56 cases of hyperten-
sion, 32 cases of diabetes, 23 cases of hyper-
lipidemia; mean body mass index (BMI) was 
23.29 ± 2.89 kg/m2; average years of educa-
tion were 13.22 ± 3.08 years; 122 patients 
were accompanied with carotid atherosclerotic 
plaques. According to the principle of randomly 
drawing lots, the patients were divided into the 
stenting and the endarterectomy group, includ-
ing 65 patients each group, and there was no 
statistically significant difference in gender, 
age, comorbidities, disease status, BMI and 
years of education between two groups (P > 
0.05).

Treatment regimen

The endarterectomy group: The patients under-
went endarterectomy for treatment. Cervical 
plexus local anesthesia or general anesthesia 
was performed. An incision in the neck was 
selected to expose the carotid artery. A plastic 
tube was inserted into both ends of the blocked 
carotid artery so as to ensure blood to run into 
the brain during stripping the atherosclerosis 
plaque. Next, endarterectomy was performed. 
After the atherosclerosis plaque was stripped, 
the arterial wall was sutured, the bypass tube 
was withdrawn, and the dacron patch was used 
to suture the carotid artery. Finally, the skin was 
sutured and routine drainage was performed. 
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and meanwhile the intergroup difference was 
statistically significant (P < 0.05). See Table 1.

Comparison of carotid artery resistance index 
and carotid artery blood flow peak velocity

After operation, carotid artery resistance index-
es in both groups decreased significantly, and 
the carotid artery peak blood flow velocities 
increased significantly and had significant dif-
ferences compared with before operation (P < 
0.05); meanwhile, after operation, comparison 
of above values in two groups had statistically 
significant difference (P < 0.05). See Table 2.

Comparison of lipid changes

After operation, TC, TG and LDL values in two 
groups all significantly decreased, and intra-
group and intergroup differences were statisti-
cally significant (P < 0.05). See Table 3. 

Comparison of CRP changes

Determination showed that postoperative 
serum CRP values in two groups all significantly 
decreased, while intragroup and intergroup dif-
ferences were statistically significant (P < 
0.05). See Table 4. 

Comparison of follow-up of death situation

Postoperative three months of followed-up 
found that the mortality rate in the stenting 
group was 1.5% (1/65) and that in the endar-
terectomy group was 9.2% (6/65); the mortality 

performed one month before and after 
operation.

Blood indicator detection

The fasting venous blood of all patients was 
collected for test in the morning at the same 
time point and the test was performed in the 
clinical laboratory in our hospital. The tested 
indicators included total cholesterol (TC), tri-
glyceride (TG), low density lipoprotein (LDL) and 
C-reactive protein (CRP) levels, and their deter-
mination was completed by using a Japanese 
Au640 automatic biochemical analyzer. 
Meanwhile, all patients were followed up for 6 
months for observing prognosis and death 
situations.

Statistical analysis

SPSS statistical software (version 19.5) was 
used for statistical analysis, t test and correla-
tion analysis of variance were used for compari-
son of measurement data and chi-square anal-
ysis was used for comparison of enumeration 
data; P < 0.05 illustrated that the difference 
was statistically significant.

Results

Comparison of IMT and plaque area changes

Before operation, there was no statistically sig-
nificant difference in IMT and plaque area 
between both groups. After operation, above 
values all significantly decreased (P < 0.05) 

Table 1. Comparison of IMT and plaque area before and after operation between two groups

Group Number of 
cases (n)

IMT (mm) Plaque area (%)
Before treatment After treatment Before treatment After treatment

Stenting 65 3.94 ± 0.06 0.61 ± 0.04 65.21 ± 3.62 35.96 ± 4.25
Endarterectomy 65 3.95 ± 0.05 0.85 ± 0.10 64.63 ± 4.88 13.96 ± 5.26
t 0.067 6.098 0.189 12.343
P > 0.05 < 0.05 > 0.05 < 0.05

Table 2. Comparison of carotid artery resistance index and carotid artery peak blood flow velocity 
before and after operation in two groups

Group Number of 
cases (n)

Resistance index (mm) Peak blood flow velocity (cm/s)
Before treatment After treatment Before treatment After treatment

Stenting 65 0.76 ± 0.08 0.62 ± 0.08 62.45 ± 11.28 66.98 ± 10.23
Endarterectomy 65 0.76 ± 0.19 0.73 ± 0.10 62.43 ± 9.54 64.99 ± 8.34
t 0.034 5.409 0.056 5.343
P > 0.05 < 0.05 > 0.05 < 0.05
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strips the carotid atherosclerotic plaque 
restricting blood supply of the brain, therefore, 
the diseased internal carotid artery restores 
patency and vitality again, and relatively good 
results can be achieved; however, its clinical 
application has a certain degree of trauma for 
patients, and postoperative luminal stenosis 
and thrombosis easily occur so that the progno-
sis and effect are not good [14]. With develop-
ment of medical technology, the effectiveness 
of carotid artery stenting has been widely con-
firmed. Compared with carotid endarterectomy, 
invasiveness of stenting is smaller, and it is 
more suitable for patients with severe heart 
and lung complications and can effectively 
reduce risk. Moreover, stenting more easily 
reaches lesion site of carotid stenosis of 
patients who have undergone operation or radi-
ation therapy, and for patients with stenosis 
extending to the base of the skull, stenting can 
be used to perform the same treatment [15, 
16]. Before operation, comparison of IMT and 
plaque area between two groups had no statis-
tically significant difference; after operation, 
above values all significantly decreased (P < 
0.05), while intergroup difference was also sta-
tistically significant (P < 0.05). The postoperative 
carotid artery resistance indexes in two group 
decreased significantly, while the carotid artery 
peak blood flow velocities increased signifi-
cantly and had significant differences com-
pared with preoperative values (P < 0.05) and 
at the same time postoperative intergroup 

rate in the stenting group was significantly 
lower than the endarterectomy group (χ2 = 
3.542, P < 0.05). 

Discussion

At present, cerebrovascular disease deaths 
have been ranked first of all diseases in our 
country. Number of the patients is over three 
million, among whom the stroke accounts for 
about 75%. Once cerebral infarction occurs, 
besides relatively high mortality rate, about 
60% of survivors have sequelae of paralysis, 
aphasia and other severe disabilities, bringing 
a heavy burden to society and families [9]. An 
epidemiological survey shows that among 
stroke patients, about 50% patients have ipsi-
lateral extracranial carotid stenosis and also 
shows that the occurrence of the disease is 
related to atherosclerotic lesion at common 
carotid artery bifurcation [10]. A study in our 
country shows that carotid stenosis with 50% 
degree increases stroke risk by 4%, carotid ste-
nosis with 75% degree increases stroke risk by 
15%, and carotid stenosis with 85% degree 
increases stroke risk by 35% six months later 
and by 46% one year later [11]. With the devel-
opment of society and economy, popularization 
of bad lifestyle, the aging of the society as well 
as increase of hypertension and diabetes and 
other internal medicine diseases, incidence of 
carotid stenosis shows a significantly increas-
ing trend [12]. Moreover, carotid stenosis is a 
progressive disease that can progress to com-

Table 3. Comparison of lipid changes before and after operation between two groups (mmol/L)

Group Cases 
(n)

TC TG LDL
Before treat-

ment
After treat-

ment
Before treat-

ment
After treat-

ment
Before treat-

ment
After treat-

ment
Stenting 65 8.62 ± 0.62 4.52 ± 0.65 3.26 ± 0.52 1.34 ± 0.42 4.25 ± 0.22 1.48 ± 0.46
Endarterectomy 65 8.62 ± 0.82 5.12 ± 0.52 3.27 ± 0.11 2.14 ± 0.50 4.26 ± 0.29 2.33 ± 0.56
t 0.034 3.089 0.167 4.232 0.156 4.872
P > 0.05 < 0.05 > 0.05 < 0.05 > 0.05 < 0.05

Table 4. CRP changes before and after operation in two 
groups (mmol/L)
Group Cases (n) Before treatment After treatment
Stenting 65 13.64 ± 0.62 5.52 ± 0.65
Endarterectomy 65 13.63 ± 0.52 7.12 ± 0.82
t 0.045 4.560
P > 0.05 < 0.05

plete carotid artery occlusion or irrevers-
ible functional damage, thus early inter-
vention treatment is very important for 
preventing and slowing progression of 
carotid stenosis [13].

In treatment aspect, carotid endarterec-
tomy has been recognized up to now as 
the standard for treating carotid steno-
sis. The operation mainly completely 
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clinical adjunct for carotid plaque characteriza-
tion. J Vasc Surg 2014; 59: 774-780.

[2] Pini R, Faggioli G, Longhi M, Mauro R, Freyrie A, 
Gargiulo M and Stella A. Impact of postopera-
tive transient ischemic attack on survival after 
carotid revascularization. J Vasc Surg 2014; 
59: 1570-1576.

[3] Mintz EP, Gruberg L, Kouperberg E and Beyar 
R. Vertebral artery stenting using distal emboli 
protection and transcranial Doppler. Catheter 
Cardiovasc Interv 2004; 61: 12-15.

[4] Qureshi AI, Kirmani JF, Harris-Lane P, Divani 
AA, Ahmed S, Ebrihimi A, Al Kawi A and Janjua 
N. Vertebral artery origin stent placement with 
distal protection: technical and clinical results. 
AJNR Am J Neuroradiol 2006; 27: 1140-1145.

[5] Cohen JE, Gomori JM and Umansky F. 
Endovascular management of symptomatic 
vertebral artery dissection achieved using 
stent angioplasty and emboli protection de-
vice. Neurol Res 2003; 25: 418-422.

[6] Samson RH, Cline JL, Showalter DP, Lepore MR 
and Nair DG. Contralateral carotid artery occlu-
sion is not a contraindication to carotid endar-
terectomy even if shunts are not routinely 
used. J Vasc Surg 2013; 58: 935-940.

[7] Wang J, Si Y, Li S, Cao X, Liu X, Du Z, Ge A, 
Zhang A and Li B. Incidence and risk factors for 
medical complications and 30-day end points 
after carotid artery stenting. Vasc Endovascular 
Surg 2014; 48: 38-44.

[8] Setacci F, Sirignano P, Galzerano G, de Donato 
G, Cappelli A and Setacci C. Carotid restenosis 
after endarterectomy and stenting: a critical is-
sue? Ann Vasc Surg 2013; 27: 888-893.

[9] Eckstein HH, Kuhnl A, Dorfler A, Kopp IB, Lawall 
H and Ringleb PA. The diagnosis, treatment 
and follow-up of extracranial carotid stenosis. 
Dtsch Arztebl Int 2013; 110: 468-476.

[10] Jander S, Sitzer M, Wendt A, Schroeter M, 
Buchkremer M, Siebler M, Muller W, Sandmann 
W and Stoll G. Expression of tissue factor in 
high-grade carotid artery stenosis: association 
with plaque destabilization. Stroke 2001; 32: 
850-854.

[11] Williams JK, Sukhova GK, Herrington DM and 
Libby P. Pravastatin has cholesterol-lowering 
independent effects on the artery wall of ath-
erosclerotic monkeys. J Am Coll Cardiol 1998; 
31: 684-691.

[12] Gupta K, Steffen KJ, Natarajan B, Biria M, 
Singh V and Cherian G. A multispecialty con-
sensus-based approach to carotid artery re-
vascularization is feasible in routine clinical 
practice and results in excellent clinical out-
comes. J Invasive Cardiol 2014; 26: 123-127.

[13] Koraen-Smith L, Troeng T, Bjorck M, 
Kragsterman B and Wahlgren CM. Urgent ca-
rotid surgery and stenting may be safe after 
systemic thrombolysis for stroke. Stroke 2014; 
45: 776-780.

comparison of above values had statistically 
significant difference (P < 0.05). 

Postoperative three months of followed-up 
found that the mortality rate in the stenting 
group was 1.5% and that in the endarterectomy 
group was 9.2%; the mortality rate in the stent-
ing group was significantly lower than the end-
arterectomy group (P < 0.05), indicating that 
stenting application can continue to play a role 
in promoting improvement of blood flow in the 
carotid artery and expanding the lumen, there-
by can improve the prognosis. 

In the treatment of carotid stenosis, that blood 
lipids have been lowered is half the success. 
Application of stenting improves endothelial 
function and also can effectively reduce plas-
ma total cholesterol and apolipoprotein B in 
patients with hypercholesterolemia and mixed 
lipid metabolism disorder [17]. The results of 
this study have shown that after operation, TC, 
TG and LDL values in two groups all significantly 
decreased and in intragroup and intergroup 
comparisons (P < 0.05). Current inflammation 
plays an important role in occurrence and 
development of carotid stenosis; CRP is consid-
ered as a strongest indicator among inflamma-
tory markers for predicting carotid stenosis 
event, and the elevated CRP level is an inde-
pendent risk factor of carotid stenosis [18, 19]. 
In this paper, postoperative serum CRP levels 
in two group all significantly decreased, and 
meanwhile in intragroup and intergroup com-
parisons (P < 0.05).

In summary, compared with carotid endarterec-
tomy, application of carotid artery stenting can 
effectively promote patency of blood flow in the 
carotid artery, and exertion of its effect is relat-
ed to lowered lipid and lowered inflammatory 
factor expression.
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