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Abstract

Objective: To assess whether inflammatory markers predict atherosclerotic disease activity after carotid treatment in
patients with severe carotid stenosis and nonsignificant coronary artery disease undergoing carotid stenting.
Patients and Methods: From March 1, 2004, to September 30, 2005, a total of 55 consecutive patients (mean � SD
age, 69�8.3 years; 26 men) with severe carotid stenosis and nonsignificant coronary artery disease were treated with
carotid stent implantation. Patients were followed up for a period of 5 years for the occurrence of cardiovascular events.
Results: A significant correlation between quantitative analysis of debris entrapped in the filters and inflammatory
markers was found. Moreover, the number of particles per filter, the total particles area, and the mean particle axis per
filter were significantly higher in patients with clinical events at the follow-up compared with patients without events
(87 vs 32, P�.006; 50,118.7 vs 17,782, P�.002; 33.9 vs 30.2, P�.03). At 5-year follow-up we recorded cardiovascular
or neurologic events in 11 of the 55 patients (20%). Higher preprocedural levels of high-sensitivity C-reactive protein,
interleukin 6 soluble receptor, and interleukin 6 were significantly associated with clinical events at follow-up
(P�.001, P�.05, and P�.02, respectively). In particular high-sensitivity C-reactive protein measured at 24 and 48
hours after carotid stenting showed a significant correlation with clinical events (P�.001). Also preprocedural intra-
cellular adhesion molecule 1 and circulating vascular cell adhesion molecule 1 blood concentrations were significantly
correlated with a worse prognosis at follow-up (P�.04 and P�.03, respectively).
Conclusion: In patients with severe carotid stenosis and nonsignificant coronary artery disease, inflammation is
associated with atherosclerotic disease activity and a worse prognosis. Interleukin 6, interleukin 6 soluble receptor,
intracellular adhesion molecule 1, vascular cell adhesion molecule 1, and high-sensitivity C-reactive protein levels at
baseline and 24 and 48 hours after carotid stenting are predictive of neurologic and cardiovascular events at follow-up.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(1):50-58
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I nflammation plays an important role in plaque
instability and triggers the progression of athero-
sclerotic artery disease.1-3 Progressive or unsta-

ble plaques put patients at high risk for future clin-
ical events.4-6 In the past 2 decades there has been a
growing interest in cardiovascular risk stratification,
and preventive therapeutic strategies have been
evolved. Several prognostic biomarkers have been
evaluated to identify subgroups of patients with pro-
gressive atherosclerotic disease who are at high risk
for cardiovascular adverse events such as myocar-
dial infarction and stroke.7-11 Coronary and carotid
plaque instability have a common inflammatory
link, and progression toward myocardial infarction
and stroke is predicted by C-reactive protein (CRP)
serum levels.8,9,12 In particular, the progression of
atherosclerotic plaques in all arterial territories is

predicted by high-sensitivity CRP (hs-CRP)13,14 and d

� January 2012;87(1):50-58 � doi:10.1016/j.mayocp.2011.10.002 �
ecurrent instability by its persistent elevated lev-
ls.15,16 Inflammatory cell infiltrates were found in

coronary and carotid plaques of patients who died of
acute coronary syndromes or experienced recent
cerebrovascular ischemic events.17-21

Moreover, the role that inflammation plays in
therosclerotic plaque instability may not be con-
ned to one territory alone but may also involve
ore than one arterial district.22 In fact, Lombardo

t al23 demonstrated the presence of widespread ar-
erial inflammatory plaque activation. Therefore, in-
ammation might be a possible link between coro-
ary and carotid plaque instability and progression.

Therefore, we investigated whether inflamma-
ory markers determined at the time of carotid treat-
ent are predictive of atherosclerotic disease activity

nd future cardiovascular events defined as cardiac
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INFLAMMATORY MARKERS AFTER CAROTID STENTING
emic attack (TIA), carotid in-stent restenosis, and need
for myocardial revascularization in patients with severe
carotid stenosis and nonsignificant coronary artery dis-
ease undergoing carotid stent implantation.

PATIENTS AND METHODS

Study Design
We prospectively enrolled 55 consecutive patients
with severe carotid stenosis and nonsignificant cor-
onary artery disease who underwent carotid stent
implantation from March 1, 2004, until September
30, 2005, at our institution. The study was ap-
proved by the institutional review board. The pa-
tients included in the study were informed about the
procedure and the clinical follow-up and gave their
written consent.

Patients eligible for inclusion in the study were
18 years or older; had carotid disease with stenosis
of 50% or more in the symptomatic patients or 80%
or more in the asymptomatic patients, according to
the North American Symptomatic Carotid Endarter-
ectomy Trial method24; and had nonsignificant dis-
ease in the coronary tree with stenosis of 50% or
less. The confirmation of the presence of carotid
stenosis was by means of catheter angiography or
both duplex scanning and magnetic resonance an-
giography (MRA) or computed tomography (CT).
Coronary angiography performed as part of the pro-
tocol and quantitative computed analysis of stenosis
were performed immediately before the carotid
stent procedure.

Exclusion criteria were angina pectoris; need for
coronary revascularization; coagulopathy; intoler-
ance to heparin, aspirin, or clopidogrel; any cere-
brovascular accident in the past 6 weeks; evidence
of intraluminal thrombus; vascular disease contrain-
dicating catheterization; intracranial aneurysm ex-
ceeding 9 mm in diameter; serum creatinine concen-
tration exceeding 2 mg/dL (to convert serum creatinine
to �mol/L, multiply by 88.4); creatinine clearance rate
less than 50 mL/min (to convert clearance rate to
mL/s, multiply by 0.0167); life expectancy of less
than 1 year; or pregnancy.

Carotid Stenting
All the procedures were performed with the patient
under local anesthesia using a percutaneous trans-
femoral approach. Carotid artery stenting was per-
formed using filters as distal protection devices. Hep-
arin (80 IU/kg) was administrated after the introducer
sheath had been positioned in the femoral artery. Cor-
onary angiography was performed using a standard
technique immediately before the carotid stenting pro-
cedure. Then a guiding catheter was positioned prox-
imal to the bifurcation in the common carotid artery.

To reduce the amount of angiographic dye adminis- r

Mayo Clin Proc. � January 2012;87(1):50-58 � doi:10.1016/j.mayocp
www.mayoclinicproceedings.org
tered during the stent implantation procedure, a “road-
mapping” modality of acquisition was performed. Pre-
dilation of the lesion was performed when necessary
after protection device placement. After implantation,
stents were postdilated to achieve a residual stenosis of
30% or less.

Medication
Aspirin, 100 mg/d, and clopidogrel, 75 mg/d,
were administered 7 days before carotid artery
stenting. Clopidogrel was prescribed for 1 month,
and then treatment was stopped; aspirin was used
indefinitely. Patients received 40 mg of atorvasta-
tin once a day for 1 month, independent of cho-
lesterol levels. Then the dosage of this drug was
adjusted to maintain low-density lipoprotein cho-
lesterol levels of 80 mg/dL or less (to convert low-
density lipoprotein cholesterol to mmol/L, multi-
ply by 0.0259).

Follow-up
In all patients clinical evaluation was performed at
48 hours, 30 days, and 6 months after treatment and
every year for 5 years. A complete neurologic exam-
ination, including the National Institutes of Health
Stroke Scale, was performed by a board-certified
neurologist before and after the procedure. Color
duplex ultrasonography evaluation and MRA or CT
were performed before hospital discharge, at 6
months, and every year for the entire follow-up pe-
riod. In-stent restenosis (�50%) detected by duplex
ultrasonography was defined according to the com-
bination of a peak systolic velocity value of 225 cm/s
or greater and an internal carotid artery to common
carotid artery ratio of 2.5 or higher.24,25

The occurrence of any neurologic event was
arefully evaluated during hospitalization and fol-
ow-up using CT or MRA. An independent neurol-
gist masked to clinical data performed the assess-
ents. A TIA was defined as a focal neurologic
eficit lasting less than 24 hours. A stroke was con-
idered disabling (major) if the patient had a
ankin score equal to or greater than 3 at 90 days.
he primary end point was the correlation be-

ween inflammatory markers and magnitude of
ebris entrapped in the filter used during carotid
rtery stenting procedures. The secondary end
oint was the event-free survival at 5 years (de-
ned as freedom from cardiac death, myocardial

nfarction, stroke, TIA, carotid in-stent restenosis,
nd need for myocardial revascularization).

istopathologic Evaluation
o perform the histomorphometric analysis of
laque debris, each filter was examined with a ste-

eomicroscope, digitalized, fixed in 10% neutral

.2011.10.002 51



a
u
s
m
e
s
D
c
c

s
(
t
1

ine c

MAYO CLINIC PROCEEDINGS

52
buffered formalin, and sent to the histology core
laboratory for cytologic analysis. The pathologist
was masked to serum marker results.

The morphometric analysis was performed us-
ing the Image-Pro Plus software (Media Cybernetics,
Bethesda, MD), and the total area of the filter mem-
brane and the area covered by particulate material
were quantified. Moreover, at 100-fold magnifica-
tion the following parameters were also counted:
number of particles per filter, area of each particle,
total particles area per filter, and major and minor
axes of a single particle.

The material removed from the filters was
stained with hematoxylin-eosin for the histologic
study. A particle was identified as a thrombus frag-
ment if it was composed of a conglomerate of eryth-
rocytes and embedded strands of fibrin and as
plaque fragment if it also contained cholesterol clefts
surrounded by some foam cells.

Measurement of Serum Inflammatory Markers
Antecubital venous samples were obtained on ad-
mission to the hospital for measurement of all

TABLE 1. Baseline Characteristics of Patients Underg

Characteristic

Age (y), mean � SD

Male

BMI, mean (IQR)

Family history of CAD

Hypertension

Diabetes mellitus

Current smoking

Dyslipidemia

Total cholesterol (mg/dL), mean (IQR)

LDL-C (mg/dL), mean (IQR)

HDL-C (mg/dL), mean (IQR)

Chronic renal failurec

Preprocedural creatinine (mg/dL), mean (IQR)

Degree of stenosis in treated carotid lesion, mean � SD

Bilateral carotid stenosis

Previous myocardial infarction

History of stroke or TIA

Left ventricle ejection fraction, mean � SD

Preoperative statin treatment

a Data are presented as No. (percentage) unless indicated otherwis
high-density lipoprotein cholesterol; IQR � interquartile range; LDL-
b SI conversion factors: To convert total cholesterol to mmol/L,
to convert HDL-C to mmol/L, multiply by 0.0259; to convert se
c Serum creatinine concentration exceeding 2 mg/dL and creatin
Mayo Clin Proc. �
inflammatory markers and 24 and 48 hours after
the procedure for hs-CRP determination. Then,
blood was centrifuged at 3500g for 5 minutes and
stored at �80°C.

Measurement included hs-CRP values, pregnancy-
ssociated protein A, interleukin (IL) 1, IL-6, IL-6 sol-
ble receptor (IL-6-SR), soluble CD40, IL-4, IL-10,
oluble tumor necrosis factor, intracellular adhesion
olecule 1 (ICAM-1), and vascular cell adhesion mol-

cule 1 (VCAM-1). For hs-CRP measurement, a high-
ensitivity assay (N Latex CRP MONO; DADE Behring,
eerfield, IL) with a detection level of 0.03 mg/dL (to
onvert hs-CRP to mg/L, multiply by 10) and coeffi-
ient of variation of 4.6% was used.

Serum IL-6, IL-10, and IL-4 levels were mea-
ured by enzyme-linked immunosorbent assay
Diaclone; Gen-Probe Inc, San Diego, CA). The de-
ectable limits for IL-6, IL-10, and IL-4 were 0.8,
.30, and 0.31 pg/mL. IL-8, IL-1�, IL-6-SR, soluble

VCAM, soluble ICAM, soluble CD40L (Diaclone),
and soluble CD40 (IBL, Minneapolis, MN) were
measured by enzyme-linked immunosorbent assay
(Immunotech, Prague, Czech Republic).

Carotid Stentinga,b

atients without events
(n�44)

Patients with events
(n�11) P value

71.0�8.4 68.1�6.9 .29

20 (45) 6 (55) .59

27.3 (25.6-28.8) 27.1 (24.5-30.0) .47

13 (30) 3 (27) .88

36 (82) 11 (100) .13

18 (41) 5 (45) .78

10 (23) 1 (9) .31

29 (66) 10 (90) .14

187 (156-209) 187 (150.5-220) .59

100.5 (81-135) 96.5 (56-136) .66

50 (43-60) 47 (41-57) .91

2 (5) 1 (9) .80

1.08 (0.9-1.3) 1.1 (1.0-1.2) .81

78.5�8.7 79.4�11.8 .76

15 (34) 4 (36) .89

1 (2) 0 .61

23 (52) 4 (36) .35

55.7�6.8 54.7�11.2 .19

30 (68) 8 (72) .77

I � body mass index; CAD � coronary artery disease; HDL-C �

low-density lipoprotein cholesterol; TIA � transient ischemic attack.
ly by 0.0259; to convert LDL-C to mmol/L, multiply by 0.0259;
creatinine to �mol/L, multiply by 88.4.
learance rate of less than 50 mL/min.
oing
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Statistical Analyses
A dedicated file was used to collect all clinical and
procedural data. Analyses of in-hospital and fol-
low-up data were possible for all patients enrolled in
the study. Continuous variables are presented as
mean � SD and are compared using the 2-sided t
test for unpaired data or analysis of variance, as ap-
propriate. Because distribution of all inflammatory
marker levels appeared to be left skewed, these
markers are normalized by log transformation and
expressed as median (interquartile range). Categor-
ical variables are expressed as proportions and per-
centages and are compared with the �2 test. Linear
regression analysis was performed to examine cor-
relation between histologic analysis of debris re-
moved from the filters after carotid stenting proce-
dure and inflammatory markers. Logistic regression
analyses were performed to examine the association
between symptoms and inflammatory markers.
Analysis of variance was performed to evaluate in-
crement of hs-CRP at baseline, 24 hours, and 48
hours. The level of statistical significance for hy-
pothesis testing was P�.05. All statistical analyses
were performed with Statview 5.0 for Windows 8.0
(SAS Institute Inc, Cary, NC).

RESULTS
A total of 55 consecutive patients with complete
baseline and follow-up data were included in the
final analysis. The median age was 69 years (inter-
quartile range, 60-80 years), and 26 of the 55 pa-
tients (47%) were male. Demographic data and clin-
ical characteristics of the study sample are presented
in Table 1. In particular, 1 patient (2%) had had
previous myocardial infarction and 27 (49%) had a
history of stroke or TIA. In 11 patients (20%), a

TABLE 2. Characteristics of the Carotid Stenting Proc

Characteristic

Length of lesion (mm), mean � SD

Predilation of stenosis

Duration of procedure (min), mean (IQR)

Volume of angiographic dye administered (mL), mean �

Type of stent used

Carotid Wallstent (Boston Scientific, Natwick, MA)

Acculink (Abbott, Abbott Park, IL)

Cerebral protection used

FilterWire EZ (Boston Scientific)

Accunet (Abbott)

Data are presented as median (interquartile range).
history of stroke was found without residual or re-

Mayo Clin Proc. � January 2012;87(1):50-58 � doi:10.1016/j.mayocp
www.mayoclinicproceedings.org
current symptoms; in these patients, the median in-
terval between prior stroke and inclusion in the
study was 3.9 years (range, 1.9-11.0 years). All pa-
tients successfully underwent the carotid stent pro-
cedure as indicated in Table 2.

At the 5-year follow-up, 11 patients (20%) ex-
perienced neurologic or cardiovascular events; in
particular, 1 patient (2%) died (cardiac death), 2
patients (4%) had myocardial infarction or stroke,
6 patients (11%) had progression of coronary ar-
tery disease followed by myocardial revascular-
ization, and 2 patients (4%) had carotid stent re-
stenosis (Table 3).

The debris entrapped in the filters was com-
posed of acellular material rich in the cholesterol
cleft, necrotic material, calcium precipitates, fi-
brin, platelets, collagen fibers, and unidentified
fibrillate. No specific component related to the
capture of larger particles was observed. How-
ever, we found a significant correlation between
the magnitude of debris entrapped in the filters
and inflammatory markers (Figure 1 and Figure 2).
Interestingly, the number of particles per filter,
the total particles area, and the mean particle axis
per filter were significantly higher in patients with

e

Patients without
events (n�44)

Patients with
events (n�11) P value

14.3�5.4 15.2�6.4 .31

13 (30) 3 (27) .88

30 (15-98) 27 (14-92) .28

44.8�24.3 48�26.4 .23

31 (70) 5 (45) .17

13 (30) 6 (55) .82

39 (89) 8 (73) .24

5 (11) 3 (27) .18

TABLE 3. Clinical Events in 55 Patients Who
Underwent Carotid Stenting at 5-Year Follow-up

Event No. (%) of events

Myocardial infarction 1 (2)

Stroke 1 (2)

Carotid in-stent restenosis 2 (4)

Coronary artery bypass grafting 1 (2)

Percutaneous coronary angioplasty 5 (9)
edur

SD
Death (cardiac) 1 (2)
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cardiovascular and neurologic events at the fol-
low-up (Table 4).

The preprocedural levels of the inflammatory
markers hs-CRP, IL-6-SR, and IL-6 were signifi-
cantly associated with clinical events at 5-year fol-
low-up (P�.001, P�.05, and P�.02, respectively).
In these patients a significant increase was ob-
served in hs-CRP values at 24 and 48 hours after
carotid stent implantation compared with pa-
tients with normal preprocedural values (P�.03)
(Figure 3A). In particular, hs-CRP measured at 24
and 48 hours after carotid stent implantation
showed at each time a significant correlation with
clinical events (P�.001) (Figure 3B), and more in-
terestingly we found that an hs-CRP level lower than
0.8 mg/dL at 48 hours after the procedure is associ-
ated with the absence of events at follow-up. In ad-
dition, preprocedural ICAM-1 and VCAM-1 blood
concentrations were significantly correlated with a
worse prognosis at 5-year follow-up (P�.04 and
P�.03, respectively) (Table 5).

DISCUSSION
In our prospective study, we found that inflamma-
tory markers are correlated with disease activity
demonstrated by the amount of plaque fragments
caught in the filters, and we confirmed a correlation
between inflammation and subsequent events in pa-
tients with severe carotid stenosis undergoing ca-
rotid stent implantation. In these patients, increas-
ing levels of the inflammatory biomarkers, such as
hs-CRP, IL-6-SR, IL-6, ICAM-1, and VCAM-1 blood
concentrations at baseline and immediately after in-

A

FIGURE 1. Histologic analysis of debris removed f
of debris entrapped in the filter in a patient with low
implantation. B, Elevated number of particles in
before the procedure. The debris entrapped in t
cholesterol cleft, necrotic material, and calcium pr
tervention, are predictive of future clinical events. In s

Mayo Clin Proc. �
particular, hs-CRP measured at 24 and 48 hours
after the procedure showed at each time a significant
correlation with a worse prognosis at the 5-year fol-
low-up, which is consistent with our previous ob-
servation after coronary artery stent implantation.26

More interesting is the observation of the link be-
tween inflammation and events at follow-up, in-
cluding cardiovascular events in patients with stable
nonsignificant coronary artery disease at the mo-
ment of carotid arteries procedure. This observation
underlines the link between inflammation and pro-
gression of disease also in remote territories such as
coronary arteries. The presence of unstable plaques
is associated with a markedly increased risk for clin-
ical complications in virtually any arterial dis-
trict.3,27 These vulnerable lesions are histologically

eterogeneous and may present a thin fibrous cap of
he atheroma, with superficial erosions, thrombus
pposition, fibrocalcified nodules, an inflammatory
ecrotic lipid core, and intraplaque hemorrhage.27

Interestingly, in our study we found a strong corre-
lation between periprocedural inflammatory mark-
ers and the magnitude of plaque debris in the filters.
The amount of histologic particles might be due to
the disruption during stent implantation procedures
of more vulnerable plaques, demonstrating in such
patients the presence of active plaques. In these pa-
tients we might speculate on the possibility of a link
between the magnitude of debris in the filters and
disease activity. This is in line with the recent obser-
vation by Moustafa et al28 that embolic events distal
o carotid stenosis are related to plaque inflamma-
ion detected by fluorodeoxyglucose positron emis-

B

the filters after carotid stenting. A, Low number
els of inflammatory markers before carotid stent
tient with high levels of inflammatory markers
lter was composed of acellular material rich in
itates.
rom
lev

a pa
he fi
ecip
ion tomography.
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Acute-phase reactants are markers of the cyto-
kine-dependent inflammatory activation in the ar-
terial wall. This activation is a signal of the inflam-
matory activity surrounding the necrotic lipid
core.29 However, hs-CRP, IL-6-SR, IL-6, ICAM,
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and VCAM not only are markers of atherosclerosis c

Mayo Clin Proc. � January 2012;87(1):50-58 � doi:10.1016/j.mayocp
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risk but also directly promote atherosclerosis
progression.30-32

Whether high levels of inflammatory biomark-
rs are due to the presence of a single vulnerable
esion or identify a “vulnerable patient” with several
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ritories is yet to be confirmed. Although CRP is syn-
thesized by the liver in response to an inflammatory
trigger,32 it has also been found in atherosclerotic
plaque.33 Yasojima et al34 have suggested that arte-
rial wall cells can synthesize CRP. Ishikawa et al35

identified a CRP immunoreaction and showed that
CRP messenger RNA is expressed in vulnerable
plaques, suggesting that CRP is synthesized locally
in the plaques. More recently, Inoue et al36 demon-
strated a translesional gradient of CRP, which pro-
vided evidence of the local CRP production in cor-
onary atherosclerotic plaques. This finding suggests
that the magnitude of the translesional CRP gradient
may represent an important marker of a vulnerable
plaque. In addition, this study demonstrated that
after percutaneous coronary intervention, the trans-
cardiac gradient of CRP increases, suggesting that
vessel wall injury during percutaneous coronary in-
tervention is potentially responsible for the increased

TABLE 4. Correlation Among Histologic Parameters,

Histologic parameter
Patients witho

(n�44

Particles per filter 32 (18-75

Mean particle major axis per filter 30.2 (26.8-3

Total particles area per filter 17,782.8 (6138.0

Data are presented as median (interquartile range).

P=.03
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FIGURE 3. A, Inflammatory response after stent
hanced by stent implantation in patients with prep
(hs-CRP) greater than or equal to 0.5 mg/dL com
mg/dL (P�.03). B, hs-CRP values according to car
correlation was noted between hs-CRP values at b
and clinical events at 5-year-follow-up (P�.001).
Mayo Clin Proc. �
RP production. Moreover, as we demonstrated in a
revious study,37 systemic inflammatory activation is

probably due to the presence of activated inflamma-
tory cells in unstable atherosclerotic plaque. In these
patients, the stent is a powerful trigger that amplifies
the inflammatory response. This local inflammatory
response was enhanced by stent implantation in pa-
tients with high preprocedural levels of CRP compared
with patients with normal preprocedural levels of CRP,
with a significantly higher proportion of patients with
adverse events at the 12-month follow-up.

For the first time, to our knowledge, we demon-
strate that elevated levels of inflammatory biomarkers
are also predictive of future events also in remote re-
gions, identifying a “vulnerable patient” with several
coexisting high-risk lesions in different arterial seg-
ments. Elevation of hs-CRP, IL-6, IL-6-SR, ICAM-1,
and VCAM-1 concentrations indicates enhanced in-
flammation and may help to identify those patients
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who are generally susceptible to clinical events. The
possibility of identifying these patients who are at risk
for future clinical events in remote regions is poten-
tially relevant, and consistent measurement of inflam-
matory biomarkers may represent an important imple-
ment for new therapeutic strategies.

Several limitations of the study have to be ac-
knowledged. First, the study population was relatively
small, and the possibility of selection bias cannot be
excluded, although consecutive patients who were el-
igible and consented to participate in the study were
selected. However, we consider this a pilot study, in
which we demonstrated a possible link between sys-
temic inflammation and active carotid disease. Larger
studies will be needed to confirm whether inflamma-
tion can predict cardiovascular adverse events.

Acute-phase parameters, progression of athero-
sclerotic disease, or the occurrence of clinical adverse
events can be affected by several medications; residual
confounding by the changes of the medication during
the study cannot be excluded. However, all patients
received the same dosage of atorvastatin for 1 month;
then the dosage of this drug was adjusted to maintain
low-density lipoprotein cholesterol levels of 80 mg/dL
or less. Regarding this strategy, adherence to therapy
and the follow-up of lipid level monitoring in patients
with and without events was similar.

Finally, one other limitation is the lack of eval-
uation for the presence of atherosclerotic disease in
other territories (ie, peripheral arteries disease).
Therefore, in our study it is not possible to speculate
between the systemic atherosclerotic burden and

TABLE 5. Correlation Between Preprocedural Inflamm

Inflammatory markers
Patients w

(n

hs-CRP (mg/dL) 0.2 (0

PAPP-A (�g/mL) 49.2 (2

Interleukin 1 (pg/mL) 10.6 (2

Interleukin 6 (pg/mL) 3.4 (2

Interleukin 8 (pg/mL) 24.1 (3

Soluble interleukin 6 receptor (ng/mL) 1865.0 (1

Soluble CD40 (pg/mL) 51.7 (3

Interleukin 4 (pg/mL) 0.22 (0

Interleukin 10 (pg/mL) 0 (0

Soluble tumor necrosis factor (ng/mL) 2.1 (1

ICAM-1 (ng/mL) 450.0 (3

VCAM-1 (ng/mL) 862.5 (7

a Data are presented as median (interquartile range). hs-CRP �

molecule1; PAPP-A � pregnancy-associated protein A; VCAM-
b SI conversion factors: To convert hs-CRP levels to mg/L, multi
the magnitude of inflammation.

Mayo Clin Proc. � January 2012;87(1):50-58 � doi:10.1016/j.mayocp
www.mayoclinicproceedings.org
CONCLUSION
Inflammatory markers are associated with the pres-
ence of active disease demonstrated by the amount
of plaque fragments caught in the filters during stent
implantation. In patients with carotid artery disease
undergoing stenting, the magnitude and persistence
of inflammation are associated with the progression
of atherosclerotic disease and worse prognosis. Ele-
vated levels of IL-6, IL-6-SR, ICAM-1, VCAM-1, and
hs-CRP measured before and at 24 and 48 hours
after carotid stenting are also predictive of future
cardiovascular events also in remote regions and can
identify a “vulnerable patient.”
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