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Background and Purpose—Platelet aggregation plays a vital role in the development of in-stent restenosis (ISR) after carotid 
angioplasty and stenting (CAS). Mean platelet volume (MPV) has been suggested as an index of platelet reactivity. This 
study aimed to investigate the association between MPV and ISR in CAS patients.

Methods—A total of 261 patients with CAS were enrolled. MPV was measured before CAS procedure. Digital subtraction 
angiography, computed tomographic angiography, or duplex ultrasonography was performed at 6 months and annually 
after the procedure. ISR was defined as ≥50% stenosis in the treated lesion. Cox regression was used to identify predictors 
of ISR after CAS.

Results—Of the 261 patients with CAS, 46 (17.6%) were determined with ISR during a mean follow-up of 12.1±16.1 
months (range, 2.1–120.7). On multivariate analysis, baseline MPV >10.1 fL (hazard ratio, 3.20; 95% confidence interval, 
1.28–8.03), lesion length (hazard ratio, 1.05; 95% confidence interval, 1.02–1.08), residual stenosis (hazard ratio, 1.07; 
95% confidence interval, 1.05–1.10), and baseline glucose (hazard ratio, 1.01; 95% confidence interval, 1.00–1.02) were 
associated with ISR.

Conclusions—Elevated MPV may be associated with ISR after CAS. Patients with high preprocedural MPV may benefit from 
an intensified antiplatelet therapy after CAS.    (Stroke. 2018;49:872-876. DOI: 10.1161/STROKEAHA.117.019748.)
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Occlusive lesions in extracranial carotid are responsible 
for 7% to 20% of ischemic strokes.1,2 Carotid angioplasty 

and stenting (CAS) is a valid alternative in treating stenosis 
in these locations.3 Compared with carotid endarterectomy, 
CAS is related to less invasiveness, decreased patient discom-
fort, and shortened hospitalization.4 Number of patients with 
CAS has been increasing since the publication of several large 
clinical trials that confirmed the effectiveness of this treat-
ment strategy.5,6 However, the risk–benefit ratio of CAS may 
be neutralized by late-onset cerebrovascular events related to 
in-stent restenosis (ISR).7,8 Exploring the potential influencing 
factors for ISR, therefore, is of vital importance for continu-
ously improving the efficacy of CAS.

Mean platelet volume (MPV) is regarded as an indicator of 
platelet reactivity. Larger platelets usually contain more dense 
granules and pose greater prothrombotic potential.9 Previous 
studies have associated elevated MPV with restenosis after 
coronary angioplasty.10,11 But the impacts of MPV on resteno-
sis after CAS have not been studied to date. In this study, we 

assessed the long-term restenosis after CAS by using digital 
subtraction angiography, computed tomographic angiography, 
or duplex ultrasonography and then evaluated the impacts of 
baseline MPV on the development of ISR.

Methods
The data that support the findings of this study are available from the 
corresponding author on reasonable request.

Patients
CAS patients in Nanjing Stroke Registry12 during December 2005 to 
November 2016 were enrolled. Ethics approval was obtained from 
the Ethical Review Board of Jinling Hospital and written informed 
consent from all patients. Degree of stenosis was determined accord-
ing to the criteria in NASCET (North American Symptomatic Carotid 
Endarterectomy trial).13 CAS was recommended if the patients had 
≥50% symptomatic stenoses or ≥70% asymptomatic stenoses in extra-
cranial carotid. CAS was usually detained if the patients (1) had the tar-
get stenoses being related to pathogeneses other than atherosclerosis; 
(2) had concomitant severe heart, lung, kidney diseases or malignant 
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tumor; (3) had a life expectancy <5 years; (4) had contraindications for 
antiplatelet treatment; (5) had major neurological functional impair-
ments or obvious cognitive impairment; (6) had a major stroke within 
4 weeks; (7) had severe artery tortuosity or anatomically variant aortic 
arch which may prevent the safe access of guiding catheter.

Baseline Assessments
Demographic characteristics, presences of major vascular risk fac-
tors, and laboratory and imaging results were retrieved from medical 
records. Before CAS procedures, all patients were treated with dual 
antiplatelets. In 233 patients, 100 mg aspirin and 75 mg clopidogrel 
daily were prescribed for at least 7 days. In 28 patients, 100 mg aspi-
rin daily were prescribed for at least 7 days, and 300 mg clopidogrel 
was prescribed in 4 hours before CAS procedures. In 2 patients who 
were taking warfarin, dual antiplatelets were also prescribed. After 
CAS procedures, dual antiplatelets were prescribed for 3 months in 
patients with warfarin and for 6 month in patients without warfarin. 
Thereafter, clopidogrel was discontinued and aspirin continued for 
life time. Venous blood samples were collected within 7 days before 
CAS procedures and were collected within 7 days after CAS pro-
cedures. MPV as well as leukocyte, erythrocyte, and platelet counts 
were tested by a Sysmex XE-2100 hematology analyzer (Sysmex, 
Kobe, Japan) within 1 hour of sample collection.

CAS Procedures
The CAS was usually performed under local anesthesia. Body 
weight–adjusted heparin (70 IU/kg) was given after groin puncture. 
After the target stenosis being confirmed with an angiography, a 6F or 
8F guiding catheter was navigated to the common carotid artery prox-
imal to the stenosis. After a distal embolic protective device being 
released, a self-expandable stent, such as Precise (Cordis, Miami 
Lakes, FL), Acculink (Abbott Vascular, Redwood City, CA), or 
Wallstent (Boston Scientific, Natick, MA), of suitable size was then 
located and deployed. A complete angiography was performed to 
identify the residual stenosis immediately after stenting. Pre-dilation 
were performed in some patients with severe stenoses. Post-dilation 
were performed in patients with ≥50% residual stenoses.

Follow-Up Assessments
The patients were excluded from the study if they deceased within 30 
days of the procedure. Survived patients were followed for clinical 
outcomes and angiographic changes. Patients were encouraged for 
a clinical visit whenever a vascular event was indicated. Digital sub-
traction angiography, computed tomographic angiography, or duplex 
ultrasonography was performed at 6 months and annually after the 
procedure. ISR was defined as ≥50% stenosis in the location of target 
lesion.

Statistical Analysis
Continuous parameters were presented as mean±SD and categori-
cal parameters as number (percentage). The distribution pattern of 
continuous parameters was checked using Kolmogorov–Smirnov 
test. Comparisons of multiple mean values were performed by 1-way 
ANOVA or Kruskal–Wallis H test as appropriate. Categorical param-
eters were tested with χ2 test and Fisher exact test. Cox regression 
analysis was used to identify predictors of ISR. Entered factors 
included those with P<0.1 in univariate analysis. Kaplan–Meier 
analysis was performed to compare cumulative risk of ISR between 
groups. Time-dependent receiver operating characteristic curve and 
area under curve were used to evaluate the prediction accuracy of a 
model.14 Significance was accepted at P<0.05. Statistical analysis was 
performed using SPSS version 19.0 (SPSS Inc, Chicago, IL) and R 
version 3.4.3.

Results
A total of 261 patients underwent CAS procedures and sur-
vived the first month. The average age of the enrolled patients 

was 66.5±7.8 (42–86) years. There were 224 (85.8%) men and 
37 (14.2%) women. ISR was detected in 46 (17.6%) patients 
after a mean follow-up of 12.1±16.1 months (range, 2.1–120.7 
months; Table 1).

The baseline clinical and biochemical parameters of the 
enrolled patients were showed according to the tertile of pre-
procedural MPV (<10.4, tertile 1, n=81; 10.4–11.1, tertile 2, 
n=91; >11.1, tertile 3, n=89). The 3 groups were comparable, 
except for the diabetes mellitus (P=0.037), symptomatic lesion 
(P=0.025), lesion length (P=0.013), lymphocyte (P=0.007), 
platelet (P<0.001), C-reactive protein (P=0.010), total choles-
terol (P=0.004), and low-density lipoprotein (P=0.013; Table 
I in the online-only Data Supplement).

Univariate regression analysis showed that diabetes mellitus 
(P=0.002), symptomatic stenosis (P=0.039), residual stenosis 
(P<0.001), increased MPV (>10.1 fL; P=0.021), and serum 
glucose (P<0.001) were significantly associated with ISR. In 
addition, length of target lesion (P=0.06) and platelet count 
(P=0.081) were marginally associated with ISR. In multivari-
ate Cox analysis, lesion length (hazard ratio, 1.05; 95% con-
fidence interval, 1.02–1.08), residual stenosis (hazard ratio, 
1.07; 95% confidence interval, 1.05–1.10), baseline MPV 
value >10.1 fL (hazard ratio, 3.20; 95% confidence interval, 
1.28–8.03), and serum glucose level (hazard ratio, 1.01; 95% 
confidence interval, 1.00–1.02) were associated with ISR after 
CAS (Table 2).

The Figure shows the Kaplan–Meier analysis of cumula-
tive freedom from ISR according to MPV value (>10.1 fL or 
≤10.1 fL). The log-rank test indicated that risk of ISR was sig-
nificantly higher in patients with MPV >10.1 fL than patients 
with MPV ≤10.1 fL at baseline (P=0.016). To detect the pos-
sibly predictive value of MPV for restenosis, time-dependent 
receiver operating characteristic curves and area under curve 
were used to compare the prediction accuracy between the 
model with and without MPV. Compared with that in the 
model without MPV, area under curves of 1, 2, and 3 year and 
average area under curve in the model with MPV improved 
8.62%, 2.50%, 5.78%, and 5.63%, respectively (Figure II in 
the online-only Data Supplement). No significant difference 
concerning means of MPV before and after CAS was detected 
(10.89±0.97 versus 10.75±1.11; P=0.442; Figure III in the 
online-only Data Supplement).

Discussion
This study observed that patients with pre-CAS MPV value 
>10.1 fL had a >3-fold risk of ISR than patients with MPV 
≤10.1 fL. To our knowledge, this is the first to identify an 
association between MPV and ISR after CAS.

ISR has been attributed to neointimal hyperplasia in the 
early stage after the procedure.15 Platelets play a central role 
in neointimal hyperplasia by promoting vascular smooth 
muscle cell migration and proliferation.16 Platelet α granules 
contain platelet-derived growth factor that is both chemotac-
tic and mitogenic for vascular smooth muscle cell.17 After 
angioplasty and stenting, platelets may adhere to the site of 
the injury and release the constituents of α granules, includ-
ing platelet-derived growth factor.18 Furthermore, leukocyte–
platelet interactions are critical in initiating and promoting 
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Table 1.  Clinical and Biochemical Parameters at Baseline

 All Lesions (n=261) Restenosis (n=46) No Restenosis (n=215) P Value

Age, y, mean±SD 66.5±7.8 66.9±6.6 66.4±8.0 0.898

Male, n (%) 224 (85.8) 42 (91.3) 182 (84.7) 0.352

BMI, kg/m2, mean±SD 24.6±2.9 24.6±2.9 24.6±2.9 0.631

Smoking, n (%) 108 (41.4) 17 (40.0) 91 (42.3) 0.490

Hypertension, n (%) 218 (83.5) 36 (78.3) 182 (84.7) 0.251

Diabetes mellitus, n (%) 99 (37.9) 27 (58.7) 72 (33.5) 0.002

Hyperlipidemia, n (%) 113 (43.3) 18 (39.1) 95 (44.2) 0.131

CAD, n (%) 34 (13.0) 7 (15.2) 27 (12.6) 0.743

Stroke, n (%) 50 (19.2) 13 (28.3) 37 (17.2) 0.348

PAD, n (%) 2 (0.8) 0 (0.0) 2 (0.9) 0.603

Atrial fibrillation, n (%) 7 (2.7) 1 (2.2) 6 (2.8) 0.559

Antithrombotic drugs, n (%)

 � Aspirin 29 (11.1) 6 (13.0) 23 (10.7) 0.560

 � Warfarin 2 (0.8) 0 (0.0) 2 (0.9) 0.546

Symptomatic lesion, n (%) 142 (54.4) 17 (40.0) 125 (58.1) 0.039

Lesion

 � Lesion length, mm, mean±SD 20.0±8.6 22.7±9.4 19.4±8.4 0.060

 � Lesion stenosis, %, mean±SD 79.4±14.5 81.4±13.4 79.0±14.7 0.432

Stenting

 � Left carotid, n (%) 134 (51.3) 23 (50.0) 111 (51.6) 0.441

 � Open cell stent, n (%) 223 (85.4) 41 (89.1) 182(84.7) 0.158

 � Pre-dilation, n (%) 232 (88.9) 41 (89.1) 191 (88.8) 0.992

 � Post-dilation, n (%) 69 (26.4) 10 (21.7) 59 (27.4) 0.972

 � Residual stenosis, %, mean±SD 29.3±10.9 36.6±13.0 27.7±9.7 <0.001

Hematologic parameters

 � Leukocyte, ×109/L, mean±SD 6.88±1.78 7.10±1.75 6.83±1.79 0.413

 � Neutrophil, ×109/L, mean±SD 4.38±1.56 4.60±1.62 4.33±1.54 0.329

 � Monocyte, ×109/L, mean±SD 0.47±0.15 0.47±0.14 0.47±0.15 0.884

 � Lymphocyte, ×109/L, mean±SD 1.83±0.59 1.82±0.51 1.84±0.61 0.770

 � Platelet, ×109/L, mean±SD 203.1±53.3 191.7±45.7 205.6±54.6 0.081

 � MPV >10.1 fL, n (%) 196 (75.1) 40 (87.0) 156 (72.6) 0.021

Biochemical parameters

 � C-reactive protein, mg/L, mean±SD 5.90±9.31 7.23±12.04 5.61±8.63 0.578

 � Alanine transaminase, U/L, mean±SD 25.66±16.84 26.42±15.60 25.50±17.12 0.405

 � Aspartate transaminase, U/L, mean±SD 22.55±10.39 22.05±11.16 22.65±10.24 0.812

 � Total protein, g/dL, mean±SD 6.64±0.53 6.66±0.46 6.64±0.55 0.713

 � Albumin, g/dL, mean±SD 4.25±0.37 4.23±0.37 4.25±0.37 0.231

 � Globulin, g/dL, mean±SD 2.40±0.41 2.43±0.38 2.39±0.42 0.555

 � Creatinine, mg/dL, mean±SD 0.82±0.21 0.83±0.20 0.82±0.22 0.552

 � Uric acid, mg/dL, mean±SD 5.33±1.42 5.28±1.31 5.34±1.44 0.653

 � Serum glucose, mg/dL, mean±SD 102.3±33.02 113.2±51.08 100.0±27.30 <0.001

 � Total cholesterol, mg/dL, mean±SD 154.5±40.37 152.7±36.78 154.9±41.17 0.899

 � Triglyceride, mg/dL, mean±SD 135.0±84.92 127.4±57.69 136.7±89.70 0.669

 � HDL, mg/dL, mean±SD 39.40±8.37 39.69±10.49 39.34±7.88 0.949

 � LDL, mg/dL, mean±SD 92.17±33.08 88.54±31.20 92.95±33.49 0.460

BMI indicates body mass index; CAD, coronary artery disease; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MPV, mean platelet volume; 
and PAD, Peripheral arterial disease.
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neointimal hyperplasia.19 Inflammatory cells may accelerate 
neointimal hyperplasia because of their release of growth and 
chemotactic factors20 or production of enzymes (eg, matrix 
metalloproteinases), which can degrade extracellular constitu-
ents and facilitate cell migration.21,22

The relationship between MPV and ISR after CAS may 
be explained with 3 possible mechanisms. First, an increased 
MPV level has been considered as a marker of greater plate-
let size and activity. Larger platelets contain more platelet 
granules and thereby increased the platelet-derived growth 
factor levels at the injured site. Therefore, higher MPV lev-
els may pose patients with increased potential for neointimal 
hyperplasia. Second, mechanical lesions of arterial endo-
thelium may activate platelets and recruit leukocyte to the 
injury. Leukocyte–platelet interactions can lead to inflam-
matory response that aggravates neointimal hyperplasia. 
Inflammatory response may be further aggravated in patients 
with higher MPV because of more intensive platelet activa-
tion. Finally, an elevated MPV value may reflect an increase 
in reticulated platelets or immature platelets, which is an indi-
cator of platelet turnover. It has been reported that high plate-
let turnover is associated with platelet aggregation and lower 
response to antiplatelet therapy.23,24

In addition, this study showed that lesion length and resid-
ual stenosis were significantly associated with ISR after CAS. 
Our findings are in agreement with the results in several studies 

of risk factors for ISR.25–27 Residual stenosis is a risk factor of 
restenosis, and it conflicts with the opinion that a perfect angio-
graphic result after CAS is not necessary.28 Considering the 
increasing risk of embolization and neointimal proliferation by 
high postdilation pressures,29 the pre-dilation may be an effective 
measure to eliminate the residual stenosis as much as possible.

In this study, MPV was not significantly influenced by CAS 
procedure and short-term antiplatelet treatment. A few studies 
reported the effects of antiplatelets on MPV, and inconsistent 
results were reported.30–32 One study reported that MPV were not 
affected by 1-week low-dose aspirin treatment.31 Another study 
of small samples reported that MPV was reduced after 4-week 
antiplatelet treatment.32 These results suggested that intensified 
and prolonged antiplatelet treatment may reduce MPV.

Some limitations should be emphasized when interpreting 
the results of this study. We did not consider the effect of some 
drugs before and after the procedure in the study. Previous 
studies indicate that antihypertensive,33 lipid-lowing,34 and 
antidiabetic35 drugs may influence MPV value. Further studies 
are warranted to confirm the impacts of MPV on ISR.

Conclusions
Elevated MPV may be associated with ISR after CAS. Patients 
with high preprocedural MPV may benefit from an intensified 
antiplatelet therapy after CAS.
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