
Abstract. – OBJECTIVE: To observe the
serum inflammatory and coagulation factors
changes and clinical significance following
carotid artery stenting.

PATIENTS AND METHODS: The expressions
of serum inflammatory factors including IL-2, IL-
6, IL-8, sICAM-1, hs-CRP, and TNF-αα and serum
coagulation factors including prothrombin time
(PT), active partial thromboplastin time (APTT),
fibrinogen (FIB), D-dimer (DD), and fibrin degra-
dation products (FDP) were determined in 92 pa-
tients who had undergone carotid artery stent-
ing before, 24h, 48h, 3 days and 1 week after the
surgery. As well, 92 subjects who did not receive
stenting were enrolled in the angiography group,
amongst whom the same variables were deter-
mined.

RESULTS: In the stenting group, the expres-
sions of hs-CRP, TNF-αα, sICAM-1, IL-6, IL-8, FIB,
and DD were significantly increased after the
surgery (p < 0.05): hs-CRP reached a peak 48h
after the surgery; TNF-αα, sICAM-1, and IL-6 main-
tained at high levels at days 3-7; and FIB and DD
increased 48h and 3d after the surgery. Com-
pared with the angiography group, the expres-
sions of hs-CRP, TNF-αα, sICAM-1, and IL-8 (24h
after the surgery) as well as FIB and DD (48h and
3d after the surgery) were significantly higher in
the stenting group.

CONCLUSIONS: The hs-CRP, TNF-αα, sICAM-1,
IL-8, FIB, and DD increased after carotid artery
stenting and, therefore, can serve as important
factors for monitoring for acute postoperative
complications.

Key Words:
Carotid artery stenting, Inflammatory factors, Coag-

ulation factors.

Introduction

Carotid artery stenting is an effective interven-
tion against carotid stenosis. Complications in-
clude acute cerebral infarction, cerebral hemor-
rhage and chronic vascular restenosis1. A close
correlation between inflammatory cytokines
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[high-sensitivity C-reactive protein (hs-CRP),
soluble intercellular adhesion molecule-1,
(sICAM-1), coagulation factor D-dimer and fib-
rinogen degradation products (FDP)] versus
carotid artery disease and stroke was demonstrat-
ed in recent studies2. The risk of complications
post-carotid artery stenting can be associated to
changes resulting from the cytokines as reported
in a few studies. In this study, changes in serum
inflammatory cytokines and coagulation factors
were examined post carotid artery stenting.

Patients and Methods

Patients
Participants included patients who were ad-

mitted to our hospital’s neurology department
between January 2006 and December 2013.
Ninety-two patients were placed into each of
the groups (stenting group and angiography
group). Another 92 patients who came to the
clinic for a physical examination during the
same period, were enlisted in the control group.
The inclusion criteria were as follows: (1)
symptomatic carotid stenosis < 50% or asymp-
tomatic carotid stenosis < 70%; (2) carotid
stenosis, as demonstrated by CT angiography
(CTA) and ultrasound examination in combina-
tion; (3) absence of congestive heart failure or
respiratory failure; and (4) creatinine levels <
6.4 mmol/L. The exclusion criteria included:
(1) acute cerebral hemorrhage; (2) aortic occlu-
sion or bilateral iliac artery occlusion; (3) pre-
vious history of hemorrhage or coagulopathy;
(4) severe lung disease, unable to supine; (5)
complete blockage of target vessels; (6) any
myocardial infarction episodes within two
months; (7) uncontrolled hypertension or dia-
betes mellitus; (8) stenosis site inaccessible to
guide wire or catheter; (9) abdominal aortic
aneurysm; and (10) inflammation in its acute
stages.
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Angiography group Stenting group
(n = 92) (n = 92) χ2 p

Age (x– ± s, y) 66.7 ± 7.3 72.2 ± 9.5 3.561* 0.016
Males 54 (58.7) 52 (56.5) 0.992 0.251
BMI (x– ± s, kg/m2) 25.1 ± 2.8 27.7 ± 3.2 1.927* 0.128
Current smokers 14 (15.2) 11 (12.0) 0.417 0.241
Essential hypertension 40 (43.5) 43 (46.7) 0.198 0.297
Diabetes mellitus 28 (30.4) 25 (27.2) 0.239 0.315
Hyperlipidemia 24 (26.1) 26 (28.3) 1.305 0.167
Coronary heart diseases 17 (18.5) 33 (35.9) 12.583 0.018
History of cerebral hemorrhage 10 (10.9) 11 (12.0) 0.682 0.395
History of cerebral infarction 19 (20.7) 16 (17.4) 8.614 0.023
hs-CRP (x– ± s, mg/L) 2.2 ± 0.4 2.5 ± 0.4 2.038* 0.219

Table I. Baseline features of the patients.

*Represents t value.

Carotid Artery Stenting 
Patients received 100 mg/day of aspirin and 75

mg/day of clopidogrel bisulfate three days prior
to the procedure. Sodium phenobarbital 0.1 g
i.m. was administered 30 minutes before surgery.
The intervention was performed under local
anesthesia and systemic heparinization. A
catheter was placed into the carotid artery using a
stiff Terumo guide wire with an arterial sheaths
(8F). Other techniques (companion guide wire or
coaxial guide wire) can be used if the catheteri-
zation procedure is unsuccessful. Stents were
placed using the Angioguard (Plymouth, MN,
USA) RX and SPIDERX (Minneapolis, MN,
USA) devices. Enoxaparin 4 ml, bid was admin-
istered for three to five days continuously. A dai-
ly dose of 100 mg aspirin and clopidogrel bisul-
fate 75 mg/day was prescribed in combination
for another six months.

Determination of Serum Inflammatory
and Coagulation Factors
Interleukin-2 (IL-2), IL-6, IL-8 and sICAM-1

concentrations were determined by ELISA. The
hs-CRP and TNF-α levels were determined by
immune nephelometry and radio-immunoassays.
The PT, APTT, and FIB were measured accord-
ing to the solidification method. The D-D was
determined by turbidimetric immunoassays,
while FDP was determined by emulsion aggluti-
nation turbidimetric method. The reagent kits
were used according to their instructions.

Statistical Analysis
The statistical analysis was completed using

the SPSS 10.0 software (SPSS Inc., Chicago, IL,
USA). The count data were compared using c2

test, and the measurement data and the carotid
artery stenting results were compared using t test
p < 0.05 was considered statistally significant.

Results

General Data of the Stenting Group
There were 52 males (56.5%) and 40 females

(43.5%) in the stenting group (n=92), with a mean
age of 72.2 ± 9.5 years. Among them, 43 patients
had essential hypertension, 25 had diabetes; 11
were current smokers, and 26 had hyperlipidemia.
Their body mass index (BMI) were (27.7 ± 3.2)
kg/m2and the hs-CRP level was 2.5 ± 0.4 mg/L.
Compared with the angiography group, these indi-
cators showed no significant differences (all p >
0.05). In the stenting group, 33 patients had coro-
nary heart disease (CHD) and 16 had a history of
cerebral infarction; compared with the angiogra-
phy group, the occurrence of CHD was higher and
that of cerebral infarction was lower in the stent-
ing group (both p < 0.05) (Table I).

Changes of the Serum Inflammatory 
Cytokines Following Carotid 
Artery Stenting
The serum inflammatory cytokine levels in the

control group were as follows: hs-CRP, 1.69 ±
0.56 mg/L; TNF-α, 1.13 ± 0.42 µg/L; sICAM-1,
189.2 ± 52.5 µg/L; IL-6, 16.16 ± 4.25 µg/L; IL-2,
173.88 ± 43.2 µg/L; and IL-8, 17.71 ± 1.32 µg/L.
In the angiography group, the serum levels of hs-
CRP, sICAM-1, IL-6, and IL-8 significantly in-
creased 24 h after the procedure (p < 0.05). In the
stenting group, the serum levels of hs-CRP, TNF-
α, sICAM-1, IL-6, and IL-8 significantly in-
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creased after the procedure (p < 0.05); the hs-
CRP level reached a peak 48 hours after the pro-
cedure and then returned to normal, whereas the
levels of TNF-α, sICAM-1, IL-6, and IL-8 re-
mained high for three to seven days. Compared
with the control group, the serum levels of hs-
CRP, TNF-α, sICAM-1, IL-6, IL-2, and IL-8 24
hours after the procedures were significantly
higher than those in the control group (p < 0.05)
(Table II).

Changes of the Serum Coagulation Fac-
tors Following Carotid Artery Stenting 
The serum coagulation factors in the control

group were: PT, 12.8 ± 2.3 s; APTT, 29.6 ± 6.7 s;
FIB, 3.2 ± 0.6 mg/dl; DD, 117.5 ± 26.8 mg/dl;
and FDP, 1.9 ± 0.3%. In the angiography group,
the levels of FIB and DD increased after surgery
(p < 0.05), whereas PT and APTT increased one
week after surgery (p < 0.05). In the stenting
group, PT and APTT increased three days after
surgery (p < 0.05), whereas FIB, DD, and FDP
increased 48 hours after surgery (p < 0.05). Com-
pared with the control group, the FIB and DD
levels were higher in the angiography group and
the stenting group (p < 0.05) (Table III).

Discussion

Changes in inflammatory and coagulation
factors and their clinical relevance post-carotid
artery stenting is described in the coronary
artery stent procedure. It has been demonstrated
that elevations of hs-CRP, IL-6, TNF-α and oth-
er inflammatory cytokines can be considered as
sensitive indicators for post-operative assess-
ment of inflammation in its early stages and dis-
ease state3. Post-operative elevation of inflam-
matory cytokines might be associated with the
occurrence of important post-operative cardio-
vascular events, such as myocardial infarction,
angina pectoris and death, as well the risk of
restenosis4. The relevance of a single inflamma-
tory cytokine or coagulation factor (such as hs-
CRP, IL-6, sICAM-1, TNF-α, DD and FDP) to
postoperative acute ischemic events or chronic
restenosis has been described in many studies.
However, changes of multiple inflammatory cy-
tokines and coagulation factors were examined
after vascular intervention, as investigated in
this study. Profiles of inflammatory cytokines or
coagulation factors following carotid artery
stenting procedure were different to those of
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pre-operative conditions or controls. These fac-
tors were important to monitor the occurrence
of relevant complications.
The carotid artery stenting procedure is rec-

ognized by the medical community as an impor-
tant intervention against carotid artery stenosis.
Maximizing its outcome and minimizing related
complications represent important unmet med-
ical needs. Changes in inflammatory cytokines
or coagulation factors following carotid artery
stenting are of a concern. Gupta et al5 described
that the vascular intima-media thickness post-
carotid artery stenting was associated with pre-
operative hs-CRP elevation. A high preoperative
level of hs-CRP could be considered as an indi-
cator for postoperative vascular intima-media
thickness. We were interested in the correlation
between postoperative changes of hs-CRP level
and recurrence of restenosis. As described re-
searchers6, TNF-α might play a role in the
course of the inflammatory cell proliferation
and the extracellular matrix hyperplasia follow-
ing carotid artery stenting. Liu et al7 investigat-
ed the changes in the platelet function following
carotid artery stenting and observed the platelet
function activation within one week following
carotid artery stenting. This might be associated
with postoperative cerebral infarction and deep
vein thrombosis, despite of the preoperative
dual antiplatelet treatment of aspirin and clopi-
dogrel bisulfate. Understanding the inflammato-
ry cytokines and the changes in coagulation fac-
tor post-carotid artery stenting are important in
the preventing postoperative complications.
Therefore, changes to the hs-CRP, IL-6,
sICAM-1, TNF-α and other inflammatory cy-
tokines, as well as coagulation factors such as
DD and FDP, should be monitored before and
after the procedure to analyze its fluctuating
pattern and clinical importance.
In this study, the hs-CRP, IL-6, sICAM-1,

TNF-α levels and other inflammatory cytokines,
as well as coagulation factors such as DD and
FDP were higher than those of the controls (p <
0.05). As shown by these results, these factors
could be considered as indices for carotid ather-
osclerotic stenosis, representing the extent of
atherosclerotic lesions. These results were con-
sistent with those described in the literature8.
Moreover, the levels of hs-CRP, IL-6, sICAM-1,
TNF-α and other inflammatory cytokines, as
well as coagulation factors such as DD and FDP
were significantly higher than those of the con-
trol group, which persisted for one week after
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the procedure. The levels of hs-CRP, TNF-α,
sICAM-1 and IL-8 at 24 hours after the proce-
dure were significantly higher than those of
controls, to those of three days FIB and DD at
24h, 48h, and three days FIB hours after the
procedure.

Conclusions

The evidence suggested that relevant postoper-
ative inflammatory responses might persist for
one week, which is also the highest risk period of
transient ischemic attack (TIA), cerebral infarc-
tion, and acute myocardial infarction. Inflamma-
tory cytokines and coagulation factors were im-
portant when monitoring for acute postoperative
complications.
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