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Abstract

Introduction

Carotid artery stenosis is one of the leading causes of ischemic stroke. Carotid artery stent-

ing has become well-established as an effective treatment option for carotid artery stenosis.

For this study, we aimed to determine the efficacy and safety of carotid stenting in a popula-

tion-based large cohort of patients by analyzing the Taiwan National Healthcare Insurance

(NHI) database.

Methods

2,849 patients who received carotid artery stents in the NHI database from 2004 to 2010

were identified. We analyzed the risk factors of outcomes including major adverse cardio-

vascular events including death, acute myocardial infarction, and cerebral vascular acci-

dents at 30 days, 1 year, and overall period and further evaluated cause of death after

carotid artery stenting.

Results

The periprocedural stroke rate was 2.7% and the recurrent stroke rate for the overall follow-

up period was 20.3%. Male, diabetes mellitus, and heart failure were significant risk factors

for overall recurrent stroke (Hazard Ratio (HR) = 1.35, p = 0.006; HR = 1.23, p = 0.014;

HR = 1.61, p< 0.001, respectively). The periprocedural acute myocardial infarction rate

was 0.3%. Age and Diabetes mellitus were the significant factors to predict periprocedural

myocardial infarction (HR = 3.06, p = 0.019; HR = 1.68, p<0.001, respectively). Periproce-

dural and overall mortality rates were 1.9% and 17.3%, respectively. The most significant

periprocedural mortality risk factor was acute renal failure. Age, diabetes mellitus, acute or
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chronic renal failure, heart failure, liver disease, and malignancy were factors correlated to

the overall period mortality.

Conclusion

Periprocedural acute renal failure significantly increased the mortality rate and the number

of major adverse cardiovascular events, and the predict power persisted more than one

year after the procedure. Age and diabetes mellitus were significant risk factors to predict

acute myocardial infarction after carotid artery stenting.

Introduction
Carotid artery stenosis is a correctable etiology of ischemic stroke, which is one of the leading
causes of death and permanent disability [1–3]. The degree of stenosis, previous silent myocar-
dial infarctions, contralateral obstruction, local arterial collateralization, and cardiovascular
risk factors each play a significant role in the development of a stroke. The prevalence of carot-
id stenosis has been reported as approximately 0.5% for people over the age of 60 and 10% for
those over 80, and 5% to 12% of all stroke patients are estimated to have significant internal ca-
rotid artery stenosis [4–6].

Carotid artery endarterectomy and stenting has been established as an effective treatment
for carotid stenosis [7, 8]. Though carotid artery endarterectomy successfully reduces the risk
of recurrent stroke in patients with severe carotid stenosis, carotid artery stenting is an optional
treatment as an alternative to carotid artery endarterectomy, especially for patients with more
comorbidities and a higher surgical risk.

In the Carotid and Vertebral Transluminal Angioplasty Study (CAVATAS) conducted in
2001 the carotid artery stenting group was shown to have similar stroke and mortality out-
comes to those of the endarterectomy group [9]. Later in 2004, the long-awaited results of the
Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy (SAP-
PHIRE) study revealed the non-inferior outcomes of carotid artery stenting when compared to
carotid endarterectomy [10]. In addition, significantly lower periprocedural myocardial infarc-
tion rates in other studies point to the positive qualities of carotid artery stenting [11, 12]. The
Carotid Revascularization Endarterectomy vs. Stenting Trial (CREST), providing data on 2,502
patients with a median follow-up period of 2.5 years, found no difference in the primary out-
comes between the stenting and endarterectomy groups [13]. However, a higher risk of stroke
and a lower risk of myocardial infarction were noted in the stenting group during the
periprocedural period.

Although carotid artery stenting has been one of the mainstream treatments for symptom-
atic carotid stenosis; however, a large-scale population survey for post-procedure long-term
major adverse cardiovascular events has, to date, not been completed. We analyzed the Taiwan
National Health Insurance Research Database (NHIRD) for the outcome of carotid artery
stenting. The NHIRD was implemented in 1995 and contains the healthcare information of
over 99% of Taiwanese citizens. All contracted medical institutions must submit standard com-
puterized claim documents for medical expenses. By analyzing the NHIRD, we designed a na-
tional retrospective study to analyze the efficacy, safety, and the risk factors of major adverse
cardiovascular events after carotid artery stenting for an Asian population.

Nationwide Population-Based Study of Carotid Artery Intervention
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Methods

Database
The National Health Insurance (NHI) program has provided compulsory universal health in-
surance in Taiwan since 1995 and covers more than 99% of Taiwan’s population of more than
22 million people (http://nhird.nhri.org.tw/en/). Patient identification numbers, gender, birth-
day, dates of admission and discharge, medical institutions providing the services, the ICD-
9-CM (International Classification of Diseases, 9th Revision, Clinical Modification) diagnostic
and procedure codes (up to five each), and outcomes are encrypted. Researchers wanting to
use the NHIRD and its data subsets need to sign a written agreement declaring that they have
no intention of attempting to obtain information that could potentially violate the privacy of
patients or care providers. We conducted a nationwide population-based cohort study using
the NHIRD, which consists of standard computerized claims documents submitted by medical
institutions under contract with the NHI Program for reimbursement of medical expenses.
The accuracy of diagnoses in the NHIRD for major diseases such as stroke and acute coronary
syndrome has previously been validated [14–16].

This study was approved by the Ethics Institutional Review Board of Chang Gung Memorial
Hospital.

Patient identification
We enrolled patients in the NHIRD who received carotid artery stenting from 2004 to 2010
and defined index hospitalization as first time admission for carotid artery stenting. According
to the NHI Guide, carotid artery stenting is to be carried out for symptomatic patients with ca-
rotid stenosis� 60% or asymptomatic patients with carotid stenosis� 80%. The exclusion cri-
teria are patients with head and neck cancer and/or patients under the age of 18. Patients were
followed until death or the end of the study period (2010). Death was defined as withdrawal of
the patient from the NHI program. Causes of death were defined according to the primary di-
agnosis of hospitalization in the three months preceding death [17]. Primary outcomes were
major adverse cardiovascular events (MACE), including death, acute myocardial infarction,
and cerebral vascular accident. The median number of annual carotid artery stenting cases of
each hospital was 43, and we defined a high volume center as a hospital that performed 43 or
more cases of carotid stent annually. The periprocedural period was defined as the 30-day peri-
od after the procedure.

Comorbidities, listed by ICD-9 codes, included acute myocardial infarction (410), ischemic
cerebrovascular accident (430–432), hemorrhagic cerebrovascular accident (433–434), tran-
sient ischemic attack (435), unspecified stroke (436), diabetes mellitus (250), acute renal failure
(584), chronic kidney disease (585–586), hypertension (401–405), dyslipidemia (272), gout
(274), atrial fibrillation (427.31), liver disease (456.0–456.21, 571.2, 571.4–571.6, 572.2–572.8),
chronic obstructive pulmonary disease (490–492, 494, 496), and heart failure (428). In addi-
tion, Charlson comorbidity index (CCI) was calculated according to a previous study [18].

Statistical analysis
The clinical characteristics of patients are expressed in numerical form, categorical variables as
a percentages and continuous variables using mean and standard deviations. The primary goal
of this study was to determine whether a patient's clinical characteristics are associated with
predefined adverse outcomes (i.e., stroke, AMI, all-cause mortality, and MACE). The associa-
tion between those time-to-event-outcomes (prognoses) and clinical characteristics was inves-
tigated using multivariate Cox regression analysis with forward stepwise selection. The results
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are presented as adjusted hazard ratios (HR) with corresponding 95% confidence intervals
(CIs). All data analysis was conducted using SPSS software version 15 (SPSS Inc., Chicago, IL,
USA).

Results

Demographics and clinical characteristics
A total of 3,106 patients who received carotid artery stenting (CAS) between 2004 and 2010
were identified. Before index admission, 229 patients diagnosed with cancers of the head and
neck (ICD9: 140–150) and 28 patients under the age of 18 at index admission were excluded,
resulting in a total of 2,849 adult patients. The average duration of follow-up was 903 days
(2.47 years) with a standard deviation of 664 days (1.82 years).

In the whole cohort, the mean age was 70.3 years (SD = 10.8) and 2,230 (78.3%) of the pa-
tients were male. Of the patients receiving CAS, 41.8% had diabetes mellitus, 92.2% had hyper-
tension requiring medication control, and 55.4% had dyslipidemia. Other clinical
characteristics and comorbid conditions of the entire cohort population are listed in Table 1. In

Table 1. Baseline clinical characteristics at index carotid artery stenting (N = 2,849).

Variable Number (%) or M ± SD

Age, year (range) 70.3 ± 10.8 (19.5–96.2)

<60 years old 469 (16.5)

60–69 years old 717 (25.2)

70–79 years old 1,172 (41.1)

�80 years old 491 (17.2)

Gender, male 2,230 (78.3)

Underlying disease

Diabetes mellitus 1,190 (41.8)

Hypertension 2,628 (92.2)

Acute renal failure 86 (3.0)

Chronic kidney disease 164 (5.8)

Gout 272 (9.5)

Dyslipidemia 1,578 (55.4)

Atrial fibrillation 162 (5.7)

Heart failure 275 (9.7)

Malignancy† 202 (7.1)

Chronic obstructive pulmonary disease 343 (12.0)

Chronic liver disease 183 (6.4)

Charlson comorbidity index (CCI) (range) 2.89 ± 2.08 (0–15)

Myocardial infarction 281 (9.9)

Previous stroke

Any stroke‡ 2,698 (94.7)

Ischemic stroke 2,635 (92.5)

Transient ischemic attack 572 (20.1)

Hemorrhagic stroke 131 (4.6)

Other stroke (unspecified) 119 (4.2)

† Patients with head and neck cancer were not included in this study;

‡ A discrepancy may exist between the sum of the subgroups and the total as a result of a single patient

having had two or more strokes.

doi:10.1371/journal.pone.0121016.t001
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terms of previous strokes, 2,698 patients (94.7%) had had a stroke diagnosed prior to the CAS,
the majority (92.5%) of which comprised ischemic strokes, and only 4.6% of patients had a his-
tory of hemorrhagic strokes prior to the procedure. The mean score of the Charlson comorbid-
ity index was 2.89 (SD = 2.08) with a range of 0 to 15 (Table 1).

Recurrent strokes
Table 2 shows the association between clinical characteristics and post stenting strokes. The re-
current stroke rate was 2.7% (77 events) during the periprocedural period, 13.1% (374 events)
at 1 year, and 20.3% (578 events) for the overall follow-up period. The results show that age
was not associated with post stenting stroke at any of the follow-up periods. Male patients had
a higher risk of stroke at 1 year and overall (HR = 1.33, p = 0.035;HR = 1.35 p = 0.006). Patients
with heart failure also showed a trend toward higher risk at overall follow-up (HR = 1.61
p< 0.001). Though the risk of recurrent stroke was not significantly higher for patients with
diabetes mellitus during short-term follow-up, the risk was significantly higher for the long-
term follow-up period (HR = 1.23, p = 0.014 for the overall period). As can be seen in Table 2,
chronic kidney disease was associated with lower risks of long-term stroke (HR = 0.51,
p = 0.004). In addition, receiving CAS in a high volume hospital or center provided a protective
effect against stroke risk at 1 year (HR = 0.74, p = 0.005) and for the overall period (HR = 0.84,
p = 0.036).

Table 2. Factors associated with any stroke after index carotid artery stenting (multivariate Cox regression with forward stepwise selection).

Outcome: any stroke

30 days 1 year Overall

(77 events, 2.7%) (374 events 13.1%) (578 events, 20.3%)

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age (per decade) – – – – – –

Gender, male – – 1.33 (1.02–1.74) 0.035 1.35 (1.09–1.68) 0.006

Diabetes – – – – 1.23 (1.04–1.45) 0.014

Hypertension – – – – – –

ARF – – – – – –

Chronic kidney disease – – – – 0.51 (0.32–0.81) 0.004

Gout – – – – – –

Dyslipidemia – – – – – –

Atrial fibrillation – – 1.53 (1.06–2.21) 0.023 – –

Heart failure – – – – 1.61 (1.25–2.07) <0.001

Malignancy – – – – – –

COPD – – – – – –

Liver disease – – – – – –

High volume center† – – 0.74 (0.60–0.91) 0.005 0.84 (0.71–0.99) 0.036

Medical center – – – – – –

ARF = acute renal failure; COPD = chronic obstructive pulmonary disease; HR = hazard ratio; CI = confidence interval;

† defined as � 43 volume per year;

The model was fully adjusted for the listed variables.

doi:10.1371/journal.pone.0121016.t002
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Acute myocardial infarction
We analyzed the incidence of acute myocardial infarctions (AMI) after CAS in order to identify
related risk factors. A total of 0.3% of patients (8 events) developed AMI during the periproce-
dural period, 1.5% of patients (43 events) at one year, and 4.0% of patients (113 events) for the
overall period. Diabetes played a significant role in AMI occurring after CAS during the peri-
procedural period (HR = 4.87, p = 0.053), at one year (HR = 2.23, p = 0.010), and for overall
(HR = 1.78, p = 0.003). Aside from diabetes, age also indicated a higher risk for AMI within 30
days after CAS (HR = 3.06, p = 0.019), 1 year (HR = 1.74, p = 0.003) and throughout the overall
period (HR = 1.67, p< 0.001). Furthermore, heart failure was also associated with a higher risk
of AMI after CAS for the overall period (HR = 2.34, p< 0.001) (see Table 3).

All-cause mortality
Table 4 shows the relationship between clinical characteristics and all-cause mortality follow-
ing CAS. The mortality rate was 1.9% (54 events) during the periprocedural period, 7.4% (210
event) at 1 year, and 17.3% (492 events) for the overall follow-up period. Acute renal failure
during the index admission was a significant predictor of all-cause mortality perioperatively, at
1 year, and for the overall period (HR = 5.79, p< 0.001; HR = 3.56, p< 0.001; HR = 1.75,
p = 0.005, respectively). The presence of diabetes, heart failure, malignancy, and liver disease

Table 3. Factors associated with acute myocardial infarction after index carotid artery stenting (multivariate Cox regression with forward stepwise
selection).

Outcome: acute myocardial infarction

30 days 1 year Overall

(8 events, 0.3%) (43 events, 1.5%) (113 events, 4.0%)

Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age (per decade) 3.06 (1.20–7.76) 0.019 1.74 (1.21–2.50) 0.003 1.67 (1.34–
2.10)

<0.001

Gender, male – – – – – –

Diabetes 4.87 (0.98–24.21) 0.053 2.23 (1.21–4.10) 0.010 1.78 (1.22–
2.60)

0.003

Hypertension – – – – – –

ARF – – – – – –

Chronic kidney disease – – – – – –

Gout – – 2.44 (1.17–5.10) 0.017 – –

Dyslipidemia – – – – – –

Atrial fibrillation – – – – – –

Heart failure – – – – 2.34 (1.48–
3.71)

<0.001

Malignancy – – – – – –

COPD – – – – – –

Liver disease – – – – – –

High volume center† – – – – – –

Medical center – – – – – –

ARF = acute renal failure; COPD = chronic obstructive pulmonary disease; HR = hazard ratio; CI = confidence interval; NA = not applicable;

† defined as �43 volume per year;

The model was fully adjusted for the listed variables.

doi:10.1371/journal.pone.0121016.t003
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were also associated with a higher mortality rate at 1 year (HR = 1.37, p = 0.028; HR = 1.74,
p = 0.003; HR = 1.93, p = 0.001; HR = 1.55, p = 0.049, respectively) and during the overall peri-
od (HR = 1.64, p< 0.001; HR = 1.63, p< 0.001; HR = 2.27, p< 0.001; HR = 1.63, p = 0.001, re-
spectively). In addition, advanced age and the presence of chronic kidney disease were likewise
associated with a higher risk of mortality across the overall period (HR = 1.37, p< 0.001;
HR = 1.80, p< 0.001). Interestingly, dyslipidemia was found to be a protective risk factor. We
will discuss this anomaly below.

Major adverse cardiovascular events
We defined Major Adverse Cardiovascular Events (MACE) as stroke, acute myocardial infarc-
tion, or death. Our results (Table 5) suggest that acute renal failure is a strong predictor of mor-
tality at 30 days, 1 year, and for the overall period (HR = 3.60, p = 0.001; HR = 1.91, p< 0.001;
HR = 1.49, p = 0.010, respectively). Similarly, diabetes, heart failure, and malignancy were asso-
ciated MACE at 1 year (HR = 1.21, p = 0.027; HR = 1.40, p = 0.007;HR = 1.37, p = 0.026, re-
spectively) and during the overall period (HR = 1.36, p< 0.001; HR = 1.66, p< 0.001;
HR = 1.31, p = 0.019, respectively). In addition, older age, male sex, and liver disease were asso-
ciated with MACE during the overall period (HR = 1.19, p< 0.001; HR = 1.25, p = 0.005;
HR = 1.31, p = 0.020). Receiving CAS in a high volume hospital or medical center provided a
protective effect against MACE risk at 1 year (HR = 0.80, p = 0.007).

Table 4. Factors associated with all causemortality after the index carotid artery stenting (multivariate Cox regression with forward stepwise
selection).

Outcome: all cause mortality

30 days 1 year Overall

(54 events, 1.9%) (210 events, 7.4%) (492 events, 17.3%)

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age (per decade) 0.80 (0.65–0.99) 0.038 – – 1.37 (1.24–1.52) <0.001

Gender, male – – – – – –

Diabetes – – 1.37 (1.04–1.82) 0.028 1.64 (1.37–1.97) <0.001

Hypertension – – – – – –

ARF 5.79 (2.60–12.86) <0.001 3.56 (2.26–5.60) <0.001 1.75 (1.19–2.58) 0.005

Chronic kidney disease – – – – 1.80 (1.33–2.43) <0.001

Gout 0.17 (0.02–1.22) 0.078 – – – –

Dyslipidemia 0.57 (0.33–0.99) 0.046 0.63 (0.48–0.83) 0.001 0.77 (0.64–0.92) 0.004

Atrial fibrillation – – – – – –

Heart failure – – 1.74 (1.20–2.51) 0.003 1.63 (1.27–2.09) <0.001

Malignancy – – 1.93 (1.29–2.88) 0.001 2.27 (1.75–2.95) <0.001

COPD – – – – – –

Liver disease – – 1.55 (1.01–2.39) 0.049 1.63 (1.22–2.18) 0.001

High volume center† – – – – – –

Medical center – – – – – –

ARF = acute renal failure; COPD = chronic obstructive pulmonary disease; HR = hazard ratio; CI = confidence interval;

† defined as � 43 volume per year;

The model was fully adjusted for the listed variables.

doi:10.1371/journal.pone.0121016.t004
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Causes of mortality
A total of 492 patients in the database were identified as deceased, 386 of which were hospital-
ized within 90 days prior to the reported date of death. The causes of mortality are listed in
Table 6. The primary diagnosis during the last admission period appeared to be related to the
patients’ death, with the leading causes of death being sepsis (23.3%), followed by cardiovascu-
lar disease (18.1%), ischemic cerebral vascular disease (16.3%), malignancy (14.5%), and respi-
ratory failure (9.3%).

Additional analysis
The multivariate analyses were stratified by gender and the results for male and female patients
are shown in Supplemental Table A and Supplemental Table B in the supporting file S1 Appen-
dix, respectively. In addition to the stepwise “reduced models”, the fully adjusted “enter meth-
od”maximal models for identifying associated factors with various outcomes are presented at
Supplemental Tables C to F in the S1 Appendix file.

Discussion
Our study demonstrates real-world short- and long-term outcomes of CAS in an East Asian
population and provides a comparison of these results with previous clinical studies. In our
study, the periprocedural MACE rate was 4.7%, which is comparable to previous findings in a
global survey of CAS (6.29%) [19] and in the CREST study (5.2%). We observed periprocedural

Table 5. Factors associated with major adverse cardiovascular events after index carotid artery stenting (multivariate Cox regression with forward
stepwise selection).

Outcome: major adverse cardiovascular event

30 days 1 year Overall

(134 events, 4.7%) (580 events, 20.4%) (988 events, 34.7%)

Variable HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age (per decade) – – 1.09 (1.00–1.18) 0.045 1.19 (1.12–1.27) <0.001

Gender, male – – – – 1.25 (1.07–1.47) 0.005

Diabetes – – 1.21 (1.02–1.43) 0.027 1.36 (1.20–1.55) <0.001

Hypertension – – – – – –

ARF 3.60 (1.75–7.42) 0.001 1.91 (1.33–2.74) <0.001 1.49 (1.10–2.03) 0.010

Chronic kidney disease 0.30 (0.10–0.88) 0.028 – – – –

Gout – – – – – –

Dyslipidemia – – – – – –

Atrial fibrillation – – – – – –

Heart failure – – 1.40 (1.09–1.78) 0.007 1.66 (1.39–1.99) <0.001

Malignancy – – 1.37 (1.04–1.81) 0.026 1.31 (1.04–1.63) 0.019

COPD – – – – – –

Liver disease – – – – 1.31 (1.04–1.65) 0.020

High volume center† – – 0.80 (0.68–0.94) 0.007 – –

Medical center – – – – – –

ARF = acute renal failure; COPD = chronic obstructive pulmonary disease; HR = hazard ratio; CI = confidence interval;

† defined as � 43 volume per year;

The model was fully adjusted for the listed variables.

doi:10.1371/journal.pone.0121016.t005
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stroke, myocardial infarction, and mortality rates of 2.7%, 0.3%, and 1.9%e, which compare to
those from the CREST study of 4.1%, 1.1%, and 0.7%, respectively. However, the long-term fol-
low-up result from our study showed that approximately one-fifth of patients suffered from re-
current stroke or mortality in the median 2.2 year follow-up period.

Recurrent Stroke
Perioperative stroke is the first major issue to be stressed for carotid artery intervention. The
global survey published in 2000 reported that during the 30-day periprocedural period for ca-
rotid artery intervention, 2.57% of the cases had TIA, 2.48% minor stroke, and 1.36% major
stroke [19]. Other studies suggest that CAS may share a higher risk than CEA for carotid artery
disease [13, 20]. In our study, the periprocedural stroke rate was 2.7%,which is between the
event rate of CAS and CEA in the CREST study (4.1% and 2.3%, respectively). In terms of
long-term follow-up, the recurrent stroke rate rose to 20.3%, and we found significantly higher
recurrent stroke rates among male, diabetic, and heart failure patients. Our findings were dou-
ble the long-term results of the CREST study, which recorded a 10.2% recurrent stroke rate in a
median 2.5 year follow-up duration. However, the CREST study [21] excluded patients with
atrial fibrillation, dialysis dependent chronic kidney disease, malignancy, and/or other underly-
ing conditions making for surgery unsuitable, whereas our real-world study included such pa-
tients. Hence, our cohort data may better reflect conditions in the real clinical world.
Moreover, the greater number of patients in our study compared to the CREST study who
were of an advanced aged (70.3 years vs. 68.9 years), presented with diabetes mellitus (41.8%
vs. 30.6%), and presented with hypertension (92.2% vs. 85.8%) could have also affected the
long-term results.

In analyzing the risk of recurrent stroke, we found that patients with a diagnosis of chronic
kidney disease had a protective effect against stroke, and this trend reached significance for long-
term statistical results (HR = 0.51, p = 0.004). However, chronic kidney disease is a well-estab-
lished risk factor for stroke [22, 23], and we attribute this paradoxical result to the effect of com-
petitive outcomes of higher mortality in the chronic kidney disease group. Chronic kidney
disease was also found to be a significant risk factor of mortality in our long-term follow-up.

Acute Myocardial infarction
Coronary artery disease is known to be correlated with carotid artery disease [24, 25], and peri-
procedural myocardial infarction is an important concern related to the performance of carotid

Table 6. Causes of mortality (n = 386).

Cause of mortality Number Percentage

Sepsis 91 23.3

Cardiovascular disease 69 18.1

Ischemic cerebral vascular disease 63 16.3

Malignancy 56 14.5

Respiratory failure 36 9.3

Cannot be specified (other) 31 8.0

Hemorrhagic cerebral vascular disease 16 4.1

Gastrointestinal bleeding 8 2.1

Peripheral artery disease 7 1.8

Renal failure 6 1.6

Diabetes mellitus 3 0.8

doi:10.1371/journal.pone.0121016.t006
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artery intervention, regardless of whether endarterectomy or the stenting method is adopted.
Periprocedural myocardial infarction has long been discussed in comparison to the adverse
outcome between CAS and CEA, and CAS is thought to reduce the rate of periprocedural myo-
cardial infarction. The results of our study showed a 0.3% incidence of acute myocardial infarc-
tion during the periprocedural period, which is much lower than the 1.0% found in the
symptomatic group after carotid stenting in the CREST study. We hypothesize that the rate of
periprocedural myocardial infarction might be lower among East Asian populations. Studies
have revealed a lower incidence of coronary artery disease among Japanese heart failure pa-
tients compared to patients in Western countries [26]. Moreover, different rates of myocardial
infarction between different ethnicities have been evidenced in Singapore [27]. The rate of
lower coronary heart disease in East Asian populations has been discussed for quite some time
now, and at present this phenomenon is primarily attributed to a lower level of serum total
cholesterol and a lower smoking rate [28]. Though conventional risk factors may constitute a
partial explanation, another study also showed that rates of myocardial infarction differ be-
tween white, South Asian, and Afro-Caribbean patients after adjusting for risk factors and so-
cial class [29]. Further investigation is warranted to investigate whether other genetic causes
result in the lower periprocedural myocardial infarction rate among people of East Asian
descent.

In the risk analysis for myocardial infarction, age and diabetes mellitus—which is a known
coronary heart disease equivalent—constituted significant risk factors for acute myocardial in-
farction occurring in our periprocedural period (HR = 3.06, p = 0.019; HR = 4.87, p = 0.053, re-
spectively). In our long-term follow-up, 4.0% of participants suffered myocardial infarction
during the study period. Age (HR = 1.67, p< 0.001), diabetes (HR = 1.78, p = 0.003), and heart
failure (HR = 2.34, p< 0.001) all contributed to a significantly increased risk of acute myocar-
dial infarction.

Mortality
The periprocedural mortality rate was 1.9% in our finding compared to 0.7% in the CREST
study. The mortality rate was significantly elevated for patients who experienced acute renal
failure during the periprocedural period (HR 5.79, p< 0.001). This result also held true across
longer time periods. Periprocedural acute renal failure has been known to be a strong indicator
for death in previous observations and studies [30, 31], and our result also support this conclu-
sion. Critical patients may experience many different scenarios that cause acute renal failure,
including sepsis, dehydration, shock, or medication related nephropathy. Contrast-induced ne-
phropathy is one of the possible causes of acute renal failure for the percutaneous intervention,
and studies have described its possible etiology and prevention strategies [32, 33]; a proper
strategy should be planned to prevent this from happening. Furthermore, in the overall follow-
up period, age, DM, CKD, heart failure, and underlying malignancy were all significant risk
factors for mortality, which is consistent with the previous studies [34–36]. For the overall fol-
low-up period, our database showed higher death rates compared to the CREST study (17.3%
vs. 11.3%, respectively). However, as discussed above, in contrast to the CREST study, we only
excluded younger patients and patients with head and neck cancer; we also incorporated sever-
al different patient characteristics. Taken together, these differences with the CREST study like-
ly explain the long-term outcomes of our study.

We further analyzed the cause of mortality of the overall period. Infection-related causes
comprised the majority in the analysis, and most patients in this group were diagnosed as
pneumonia- or respiratory-system-related mortality. Cardiovascular diseases, including myo-
cardial infarction and heart failure, occupied the second position. Following cerebral infarction,
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respiratory and cardiovascular disease were the leading causes of mortality at the long-term fol-
low-up [37]. In order to decrease long-term mortality, it is important to carefully evaluate the
patient’s underlying condition including respiratory system, cough function, coronary artery
disease, and heart failure. Cautious selection of the patients for CAS and appropriate attention
to the evaluation and management of the patient’s underlying condition should be ensured in
order to decrease the overall mortality.

Limitations
This study had several limitations. First, the diagnoses of comorbidities we collected were from
claims data and ICD-9-CM codes, and we were unable to distinguish underlying disease severi-
ty from the current coding system. Because we could not differentiate between minor and
major CVA events—and the severity of recurrent stroke could be an important factor in peri-
and post-procedure complications and outcome evaluation—it is possible that this resulted in
a relatively high long-term recurrent stroke rate in our database. In addition, coding errors
may exist in the database used for this study, and there was no way we could verify the accuracy
of the data collected from the NHIRD. Second, we were unable to take into account personal
information of patients such as lifestyle, family history, body mass index, smoking status, and
laboratory data, all of which can affect survival and stroke rates. Third, we did not enroll pa-
tients who did not receive CAS as a control group to compare the results of stenting, medical
treatment alone, or surgical endarterectomy; hence, we were unable to demonstrate a compre-
hensive picture of people in modern society with symptomatic carotid stenosis without CAD
for this study. Finally, the risk factor of dyslipidemia was found to be protective against mortal-
ity in our study. The limitation of the space for the coding in the NHI database could be one
possible explanation for this anomaly. For example, a patient with a critical illness could have
more severe comorbidities, and since diagnosis space is limited, the ranking of a dyslipidemia
diagnosis could effectively push it off the list of diagnoses, resulting in the apparent “protective
effect” of dyslipidemia against mortality.

Conclusion
In Taiwan, carotid artery stenting for carotid stenosis shares a similar periprocedural outcome
with other current large-scale trials. In terms of current percutaneous intervention techniques,
carotid artery stenting remains a relative risky procedure. In addition, we found that it was
common for patients who suffer from carotid artery disease to have more comorbidities, which
could lead to post-procedure complications or adverse events. Age and diabetes mellitus were
significant risk factors to predict acute myocardial infarction after carotid artery stenting.
Acute renal failure during the periprocedural period significantly increased the mortality rate
and the number of major adverse cardiovascular events, and the predict power persisted more
than one year after the procedure. Therefore, caution should be exercised when selecting pa-
tients to undergo carotid artery stenting and appropriate steps should be taken to prevent
adverse effects.

Supporting Information
S1 Appendix. Supplemental table A: The associated factors with primary outcomes in men
subjects. Supplemental table B: The associated factors with primary outcomes in women sub-
jects. Supplemental table C: Full model of factors associated with any stroke. Supplemental
table D: Full model of factors associated with acute myocardial infarction. Supplemental table
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Nationwide Population-Based Study of Carotid Artery Intervention

PLOS ONE | DOI:10.1371/journal.pone.0121016 March 24, 2015 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121016.s001


factors associated with major adverse cardiovascular events.
(DOCX)

Author Contributions
Conceived and designed the experiments: MLT CTM THC. Performed the experiments: MLT
CTM THC. Analyzed the data: MLT CTM THC. Contributed reagents/materials/analysis
tools: MLT CTM DYC ICHMSW THC. Wrote the paper: MLT THC.

References
1. Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG, Haynes RB, et al. Benefit of carotid endarter-

ectomy in patients with symptomatic moderate or severe stenosis. North American Symptomatic Carot-
id Endarterectomy Trial Collaborators. The New England journal of medicine. 1998; 339(20):1415–25.
doi: 10.1056/NEJM199811123392002 PMID: 9811916.

2. North American Symptomatic Carotid Endarterectomy Trial C. Beneficial effect of carotid endarterecto-
my in symptomatic patients with high-grade carotid stenosis. The New England journal of medicine.
1991; 325(7):445–53. doi: 10.1056/NEJM199108153250701 PMID: 1852179.

3. Mayberg MR, Wilson SE, Yatsu F, Weiss DG, Messina L, Hershey LA, et al. Carotid endarterectomy
and prevention of cerebral ischemia in symptomatic carotid stenosis. Veterans Affairs Cooperative
Studies Program 309 Trialist Group. JAMA: the journal of the American Medical Association. 1991; 266
(23):3289–94. PMID: 1960828.

4. Ricci S, Flamini FO, Marini M, Antonini D, Bartolini S, Celani MG, et al. [The prevalence of stenosis of
the internal carotid in subjects over 49: a population study]. Epidemiologia e prevenzione. 1991; 13(48–
49):173–6. Epub 1991/09/01. PMID: 1843306.

5. Prati P, Vanuzzo D, Casaroli M, Di Chiara A, De Biasi F, Feruglio GA, et al. Prevalence and determi-
nants of carotid atherosclerosis in a general population. Stroke; a journal of cerebral circulation. 1992;
23(12):1705–11. Epub 1992/12/01. PMID: 1448818.

6. Bates ER, Babb JD, Casey DE Jr., Cates CU, Duckwiler GR, Feldman TE, et al. ACCF/SCAI/SVMB/
SIR/ASITN 2007 clinical expert consensus document on carotid stenting: a report of the American Col-
lege of Cardiology Foundation Task Force on Clinical Expert Consensus Documents (ACCF/SCAI/
SVMB/SIR/ASITN Clinical Expert Consensus Document Committee on Carotid Stenting). Journal of
the American College of Cardiology. 2007; 49(1):126–70. Epub 2007/01/09. doi: 10.1016/j.jacc.2006.
10.021 PMID: 17207736.

7. Adams RJ, Albers G, Alberts MJ, Benavente O, Furie K, Goldstein LB, et al. Update to the AHA/ASA
recommendations for the prevention of stroke in patients with stroke and transient ischemic attack.
Stroke; a journal of cerebral circulation. 2008; 39(5):1647–52. Epub 2008/03/07. doi: 10.1161/
STROKEAHA.107.189063 PMID: 18322260.

8. Ederle J, Featherstone RL, Brown MM. Percutaneous transluminal angioplasty and stenting for carotid
artery stenosis. The Cochrane database of systematic reviews. 2007;(4):CD000515. Epub 2007/10/19.
doi: 10.1002/14651858.CD000515.pub3 PMID: 17943745.

9. Endovascular versus surgical treatment in patients with carotid stenosis in the Carotid and Vertebral Ar-
tery Transluminal Angioplasty Study (CAVATAS): a randomised trial. Lancet. 2001; 357(9270):1729–
37. Epub 2001/06/14. PMID: 11403808.

10. Mozes G, Sullivan TM, Torres-Russotto DR, Bower TC, Hoskin TL, Sampaio SM, et al. Carotid endar-
terectomy in SAPPHIRE-eligible high-risk patients: implications for selecting patients for carotid angio-
plasty and stenting. Journal of vascular surgery. 2004; 39(5):958–65; discussion 65–6. doi: 10.1016/j.
jvs.2003.12.037 PMID: 15111844.

11. Hofmann R, Kypta A, Steinwender C, Kerschner K, Grund M, Leisch F. Coronary angiography in pa-
tients undergoing carotid artery stenting shows a high incidence of significant coronary artery disease.
Heart. 2005; 91(11):1438–41. doi: 10.1136/hrt.2004.050906 PMID: 15761052; PubMed Central
PMCID: PMC1769194.

12. Ca RSC. Carotid Revascularization Using Endarterectomy or Stenting Systems (CaRESS) phase I clin-
ical trial: 1-year results. Journal of vascular surgery. 2005; 42(2):213–9. doi: 10.1016/j.jvs.2005.04.023
PMID: 16102616.

13. Brott TG, Hobson RW 2nd, Howard G, Roubin GS, Clark WM, Brooks W, et al. Stenting versus endar-
terectomy for treatment of carotid-artery stenosis. The New England journal of medicine. 2010; 363
(1):11–23. Epub 2010/05/28. doi: 10.1056/NEJMoa0912321 PMID: 20505173; PubMed Central
PMCID: PMC2932446.

Nationwide Population-Based Study of Carotid Artery Intervention

PLOS ONE | DOI:10.1371/journal.pone.0121016 March 24, 2015 12 / 14

http://dx.doi.org/10.1056/NEJM199811123392002
http://www.ncbi.nlm.nih.gov/pubmed/9811916
http://dx.doi.org/10.1056/NEJM199108153250701
http://www.ncbi.nlm.nih.gov/pubmed/1852179
http://www.ncbi.nlm.nih.gov/pubmed/1960828
http://www.ncbi.nlm.nih.gov/pubmed/1843306
http://www.ncbi.nlm.nih.gov/pubmed/1448818
http://dx.doi.org/10.1016/j.jacc.2006.10.021
http://dx.doi.org/10.1016/j.jacc.2006.10.021
http://www.ncbi.nlm.nih.gov/pubmed/17207736
http://dx.doi.org/10.1161/STROKEAHA.107.189063
http://dx.doi.org/10.1161/STROKEAHA.107.189063
http://www.ncbi.nlm.nih.gov/pubmed/18322260
http://dx.doi.org/10.1002/14651858.CD000515.pub3
http://www.ncbi.nlm.nih.gov/pubmed/17943745
http://www.ncbi.nlm.nih.gov/pubmed/11403808
http://dx.doi.org/10.1016/j.jvs.2003.12.037
http://dx.doi.org/10.1016/j.jvs.2003.12.037
http://www.ncbi.nlm.nih.gov/pubmed/15111844
http://dx.doi.org/10.1136/hrt.2004.050906
http://www.ncbi.nlm.nih.gov/pubmed/15761052
http://dx.doi.org/10.1016/j.jvs.2005.04.023
http://www.ncbi.nlm.nih.gov/pubmed/16102616
http://dx.doi.org/10.1056/NEJMoa0912321
http://www.ncbi.nlm.nih.gov/pubmed/20505173


14. WuCY, Chan FK, WuMS, Kuo KN, Wang CB, Tsao CR, et al. Histamine2-receptor antagonists are an
alternative to proton pump inhibitor in patients receiving clopidogrel. Gastroenterology. 2010; 139
(4):1165–71. Epub 2010/07/06. doi: 10.1053/j.gastro.2010.06.067 PMID: 20600012.

15. Cheng CL, Kao YH, Lin SJ, Lee CH, Lai ML. Validation of the National Health Insurance Research Da-
tabase with ischemic stroke cases in Taiwan. Pharmacoepidemiology and drug safety. 2011; 20
(3):236–42. Epub 2011/02/26. doi: 10.1002/pds.2087 PMID: 21351304.

16. Mao CT, Tsai ML, Wang CY, Wen MS, Hsieh IC, Hung MJ, et al. Outcomes and characteristics of pa-
tients undergoing percutaneous angioplasty followed by below-knee or above-knee amputation for pe-
ripheral artery disease. PloS one. 2014; 9(10):e111130. doi: 10.1371/journal.pone.0111130 PMID:
25354252; PubMed Central PMCID: PMC4212984.

17. WuCY, Chen YJ, Ho HJ, Hsu YC, Kuo KN, WuMS, et al. Association between nucleoside analogues
and risk of hepatitis B virus-related hepatocellular carcinoma recurrence following liver resection.
JAMA: the journal of the American Medical Association. 2012; 308(18):1906–14. PMID: 23162861.

18. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding algorithms for defining
comorbidities in ICD-9-CM and ICD-10 administrative data. Medical care. 2005; 43(11):1130–9. PMID:
16224307.

19. Wholey MH,Wholey M, Mathias K, Roubin GS, Diethrich EB, Henry M, et al. Global experience in cervi-
cal carotid artery stent placement. Catheterization and cardiovascular interventions: official journal of
the Society for Cardiac Angiography & Interventions. 2000; 50(2):160–7. PMID: 10842380. doi: 10.
1002/ccd.25067

20. Mas JL, Trinquart L, Leys D, Albucher JF, Rousseau H, Viguier A, et al. Endarterectomy Versus Angio-
plasty in Patients with Symptomatic Severe Carotid Stenosis (EVA-3S) trial: results up to 4 years from a
randomised, multicentre trial. Lancet neurology. 2008; 7(10):885–92. Epub 2008/09/09. doi: 10.1016/
S1474-4422(08)70195-9 PMID: 18774745.

21. Sheffet AJ, Roubin G, Howard G, Howard V, Moore W, Meschia JF, et al. Design of the Carotid Revas-
cularization Endarterectomy vs. Stenting Trial (CREST). International journal of stroke: official journal
of the International Stroke Society. 2010; 5(1):40–6. doi: 10.1111/j.1747-4949.2009.00405.x PMID:
20088993; PubMed Central PMCID: PMC2898199.

22. Parfrey PS. Cardiac and cerebrovascular disease in chronic uremia. American journal of kidney dis-
eases: the official journal of the National Kidney Foundation. 1993; 21(1):77–80. PMID: 8418631.

23. National Kidney F. K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classifi-
cation, and stratification. American journal of kidney diseases: the official journal of the National Kidney
Foundation. 2002; 39(2 1):S1–266. PMID: 11904577.

24. Chambless LE, Heiss G, Folsom AR, RosamondW, Szklo M, Sharrett AR, et al. Association of coro-
nary heart disease incidence with carotid arterial wall thickness andmajor risk factors: the Atherosclero-
sis Risk in Communities (ARIC) Study, 1987–1993. American journal of epidemiology. 1997; 146
(6):483–94. PMID: 9290509.

25. Graner M, Varpula M, Kahri J, Salonen RM, Nyyssonen K, Nieminen MS, et al. Association of carotid in-
tima-media thickness with angiographic severity and extent of coronary artery disease. The American
journal of cardiology. 2006; 97(5):624–9. Epub 2006/02/24. doi: 10.1016/j.amjcard.2005.09.098 PMID:
16490425.

26. Baba S, Ozawa H, Sakai Y, Terao A, Konishi M, Tatara K. Heart disease deaths in a Japanese urban
area evaluated by clinical and police records. Circulation. 1994; 89(1):109–15. PMID: 8281635.

27. Mak KH, Chia KS, Kark JD, Chua T, Tan C, Foong BH, et al. Ethnic differences in acute myocardial in-
farction in Singapore. European heart journal. 2003; 24(2):151–60. PMID: 12573272.

28. Sasayama S. Heart disease in Asia. Circulation. 2008; 118(25):2669–71. doi: 10.1161/
CIRCULATIONAHA.108.837054 PMID: 19106388.

29. Ethnicity and cardiovascular disease. The incidence of myocardial infarction in white, South Asian, and
Afro-Caribbean patients with type 2 diabetes (U.K. Prospective Diabetes Study 32). Diabetes care.
1998; 21(8):1271–7. PMID: 9702432.

30. Rihal CS, Textor SC, Grill DE, Berger PB, Ting HH, Best PJ, et al. Incidence and prognostic importance
of acute renal failure after percutaneous coronary intervention. Circulation. 2002; 105(19):2259–64.
PMID: 12010907.

31. Narula A, Mehran R, Weisz G, Dangas GD, Yu J, Genereux P, et al. Contrast-induced acute kidney in-
jury after primary percutaneous coronary intervention: results from the HORIZONS-AMI substudy. Eu-
ropean heart journal. 2014; 35(23):1533–40. doi: 10.1093/eurheartj/ehu063 PMID: 24603308.

32. Barrett BJ, Parfrey PS. Clinical practice. Preventing nephropathy induced by contrast medium. The
New England journal of medicine. 2006; 354(4):379–86. doi: 10.1056/NEJMcp050801 PMID:
16436769.

Nationwide Population-Based Study of Carotid Artery Intervention

PLOS ONE | DOI:10.1371/journal.pone.0121016 March 24, 2015 13 / 14

http://dx.doi.org/10.1053/j.gastro.2010.06.067
http://www.ncbi.nlm.nih.gov/pubmed/20600012
http://dx.doi.org/10.1002/pds.2087
http://www.ncbi.nlm.nih.gov/pubmed/21351304
http://dx.doi.org/10.1371/journal.pone.0111130
http://www.ncbi.nlm.nih.gov/pubmed/25354252
http://www.ncbi.nlm.nih.gov/pubmed/23162861
http://www.ncbi.nlm.nih.gov/pubmed/16224307
http://www.ncbi.nlm.nih.gov/pubmed/10842380
http://dx.doi.org/10.1002/ccd.25067
http://dx.doi.org/10.1002/ccd.25067
http://dx.doi.org/10.1016/S1474-4422(08)70195-9
http://dx.doi.org/10.1016/S1474-4422(08)70195-9
http://www.ncbi.nlm.nih.gov/pubmed/18774745
http://dx.doi.org/10.1111/j.1747-4949.2009.00405.x
http://www.ncbi.nlm.nih.gov/pubmed/20088993
http://www.ncbi.nlm.nih.gov/pubmed/8418631
http://www.ncbi.nlm.nih.gov/pubmed/11904577
http://www.ncbi.nlm.nih.gov/pubmed/9290509
http://dx.doi.org/10.1016/j.amjcard.2005.09.098
http://www.ncbi.nlm.nih.gov/pubmed/16490425
http://www.ncbi.nlm.nih.gov/pubmed/8281635
http://www.ncbi.nlm.nih.gov/pubmed/12573272
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.837054
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.837054
http://www.ncbi.nlm.nih.gov/pubmed/19106388
http://www.ncbi.nlm.nih.gov/pubmed/9702432
http://www.ncbi.nlm.nih.gov/pubmed/12010907
http://dx.doi.org/10.1093/eurheartj/ehu063
http://www.ncbi.nlm.nih.gov/pubmed/24603308
http://dx.doi.org/10.1056/NEJMcp050801
http://www.ncbi.nlm.nih.gov/pubmed/16436769


33. Mohammed NM, Mahfouz A, Achkar K, Rafie IM, Hajar R. Contrast-induced Nephropathy. Heart views:
the official journal of the Gulf Heart Association. 2013; 14(3):106–16. doi: 10.4103/1995-705X.125926
PMID: 24696755; PubMed Central PMCID: PMC3969626.

34. Carotid Stenting Trialists C, Bonati LH, Dobson J, Algra A, Branchereau A, Chatellier G, et al. Short-
term outcome after stenting versus endarterectomy for symptomatic carotid stenosis: a preplanned
meta-analysis of individual patient data. Lancet. 2010; 376(9746):1062–73. doi: 10.1016/S0140-6736
(10)61009-4 PMID: 20832852.

35. White CJ, Ramee SR, Collins TJ, Jenkins JS, Reilly JP, Patel RA. Carotid artery stenting: Patient, le-
sion, and procedural characteristics that increase procedural complications. Catheterization and car-
diovascular interventions: official journal of the Society for Cardiac Angiography & Interventions.
2013:1–12. Epub 2013/05/01. doi: 10.1002/ccd.24984 PMID: 23630062.

36. Bersin RM, Stabile E, Ansel GM, Clair DG, Cremonesi A, Hopkins LN, et al. A meta-analysis of proximal
occlusion device outcomes in carotid artery stenting. Catheterization and cardiovascular interventions:
official journal of the Society for Cardiac Angiography & Interventions. 2012; 80(7):1072–8. Epub 2012/
03/29. doi: 10.1002/ccd.24433 PMID: 22454248.

37. Vernino S, Brown RD Jr., Sejvar JJ, Sicks JD, Petty GW, O'Fallon WM. Cause-specific mortality after
first cerebral infarction: a population-based study. Stroke; a journal of cerebral circulation. 2003; 34
(8):1828–32. doi: 10.1161/01.STR.0000080534.98416.A0 PMID: 12855836.

Nationwide Population-Based Study of Carotid Artery Intervention

PLOS ONE | DOI:10.1371/journal.pone.0121016 March 24, 2015 14 / 14

http://dx.doi.org/10.4103/1995-705X.125926
http://www.ncbi.nlm.nih.gov/pubmed/24696755
http://dx.doi.org/10.1016/S0140-6736(10)61009-4
http://dx.doi.org/10.1016/S0140-6736(10)61009-4
http://www.ncbi.nlm.nih.gov/pubmed/20832852
http://dx.doi.org/10.1002/ccd.24984
http://www.ncbi.nlm.nih.gov/pubmed/23630062
http://dx.doi.org/10.1002/ccd.24433
http://www.ncbi.nlm.nih.gov/pubmed/22454248
http://dx.doi.org/10.1161/01.STR.0000080534.98416.A0
http://www.ncbi.nlm.nih.gov/pubmed/12855836


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


