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Abstract

A percutaneous coronary intervention (PCI) is widely performed for acute coronary syn-
dromes or chronic coronary syndromes. Periprocedural stroke is a clinically significant com-
plication during PCI. The incidence of cerebrovascular events (CVEs) after PCl in the
chronic phase is obscure. This study aimed to investigate the prevalence of CVEs after PCI
in the chronic phase and evaluate the usefulness of a simple coronary artery calcification
(CAC) evaluation method. This prospective observational study included 179 patients who
underwent PCIl between January 2016 and December 2018. The incidence of cerebral
infarction was examined from one month after PCI to December 2019. In total, 171 individu-
als (134 men; mean age, 69.8 + 9.8 years) were recruited. During a median follow-up period
of 33 months, the onset of cerebral infarction was observed in 20 individuals (11.7%). More
CAC sites (p = 0.009) and post-PCI for the chronic coronary syndrome (p = 0.049) showed a
significant association with future CVEs. There was no significant cervical internal carotid
artery stenosis for patients who occurred CVEs. The cutoff value for the number of CAC
sites for predicting future CVEs was 4.5. The new and easy method accurately reflected
future CVEs risk and may be clinically applicable.

Introduction

Millions of patients are treated with a percutaneous coronary intervention (PCI) each year for
acute coronary syndromes or chronic coronary syndromes. Perioperative stroke during PCI is a
clinically significant complication associated with high mortality and morbidity. The incidence of
post-PCI cerebrovascular events (CVEs) in the acute phase is low. However, it has increased sig-
nificantly over the last decade due to the increasing complexity of the patients being treated and
PCI technology’s complexity. Notably, the incidence of CVEs after PCI in the chronic phase is
about 1-11% [1-4], though the risk factors of post-PCI CVEs were not currently known well.

Excessive coronary artery calcification (CAC) can lead to adverse outcomes after PCI. CAC
is also associated with the prevalence of clinically significant coronary atherosclerosis. Coro-
nary computed tomography angiography (CCTA) has been used to assess coronary atheroscle-
rosis using non-invasive measurements [5]. Agatston’s score is the most widely used method
to assess CAC quantitatively [6,7]. Agatston’s CAC scores were calculated based on the num-
ber, areas, and peak Hounsfield computed tomographic numbers of the calcific lesions
detected. This method was only used with specific application software.
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The purpose of this study was to investigate the incidence of CVEs after PCI in the chronic
phase and evaluate the usefulness of a more direct evaluation method for CAC compared to
previously used Agatston’s methods.

Materials and methods

This study was approved by Tosei General Hospital ethics committee on March 25th, 2020
(approval number: 863). The written informed consent was obtained from all participants.

Study design and population

We prospectively included patients who underwent PCI at Tosei General Hospital between
January 2016 and December 2018. The incidence of cerebral infarction was determined from
one month after the date of PCI until December 2019. After PCI, all patients underwent
CCTA examination. All patients underwent close follow-up at the outpatient clinics every 3-6
months, and the occurrence of any CVEs was recorded prospectively. In case of the occurrence
of new neurological symptoms, patients received brain magnetic resonance imaging (MRI).
When brain MRI revealed a new ischemic lesion, this patient was recorded as CVE positive,
and cervical carotid artery sonography was performed. The exclusion criteria were as follows:
acute or subacute CVE:s (i.e., within 30 days of the PCI) and lack of follow-up data.

This study was approved by the institutional review board (the approval number: 863), and
written informed consent was obtained from all participants.

Clinical data collection

Demographic, medical history, and laboratory parameter data were obtained from medical
records. Hypertension was defined as systolic blood pressure >140 mmHg or diastolic blood
pressure >90 mmHg. Any of the following blood test results led to a diagnosis of diabetes mel-
litus: fasting blood sugar >126 mg/dL, or hemoglobin Alc >6.5%. Any of the following blood
test results led to a diagnosis of dyslipidemia: low-density lipoprotein of >140 mg/dL, total
cholesterol of >200 mg/dL, or triglycerides of >150 mg/dL. Current smoking was defined as
smoking in the past 30 days. Body mass index was calculated as weight (kg)/height (m?).

Imaging data collection

Computed tomography angiography. All patients underwent CCTA using a 320-row
computed tomography scanner (Aquilion ONE Nature edition; Canon, Tochigi, Japan). A
prospective electrocardiogram trigger axis scan was performed in all patients. The computed
tomography data collection parameters were as follows: detector configuration, 320 x 0.5 mm;
tube potential, 120 kVp. The automatic exposure control system for image noise automatically
determines the optimum tube current that matches the target standard deviation value of 15.

Patients received 24.5 mg/kg/sec of iopamidol (Iopamiron 370, 370 mg/mL; Bayer, Osaka,
Japan) to patients. A 20 mL saline flush was delivered at the same injection rate used for the con-
trast, followed by 11-second contrast injection. The bolus-tracking method was used in the follow-
ing protocol: when the ascending aorta reached 170 Hounsfield units, patients were instructed to
inhale and hold, at which point the scan was initiated. The forward-projected model-based itera-
tive reconstruction solution cardiac sharp and strong algorithm was used for reconstruction. The
slice thickness and increments used were 0.5 mm and 0.25 mm, respectively.

Sonography. Patients received cervical carotid artery sonography who had a new ischemic
lesion in brain magnetic resonance imaging. A 5-MHz linear-array transducer was used as dic-
tated by the patient body habitus. Patients underwent color and spectral Doppler imaging as
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well as grayscale. The angle adjustment was based on the flow direction indicated by the color
Doppler. Angle-adjusted spectral Doppler samples were taken from a given site within each
common carotid artery (CCA) and the ipsilateral internal carotid artery (ICA), containing the
proximal, middle, and distal components of each vessel. The ICA’s maximum velocities
observed within each proximal, middle, and distal segment was recorded by technologists. The
highest values of these recorded velocities were routinely reported by interpreting radiologists
as peak systolic velocities. Doppler parameters regularly evaluated and reported for each
carotid bifurcation included peak systolic velocity, end-diastolic velocity, and the ratio of
ICA’s peak systolic velocity to that of the ipsilateral distal CCA.

In patients with asymptomatic carotid artery stenosis of 50% or more, the incidence of ipsi-
lateral stroke is 1-3% per year, and the incidence of immediate stroke or transit ischemic
attack was 3-5% per year [8]. Observational studies of patients with asymptomatic carotid
artery stenosis of 50% or more showed that antiplatelet drugs could reduce ischemic cerebro-
vascular events and cardiovascular disease [9,10]. In 1991, the North American Symptomatic
Carotid Endarterectomy Trial demonstrated carotid endarterectomy’s effectiveness in patients
with more than 50% symptomatic internal carotid artery (ICA) stenosis [11]. Peak systolic
velocity >150 cm/s is one of the most reliable markers of more than 50% ICA stenosis [12,13].
In this study, significant ICA stenosis was defined as the degree of stenosis greater than 50%
and was estimated from ultrasonographic data.

Evaluation of coronary artery calcification

According to Agatston’s method, 20 contiguous 3 mm slices were obtained of the proximal
coronary arteries using plain computed tomography. Agatston’s CAC scores were calculated
based on the number, areas, and peak Hounsfield computed tomographic numbers of the cal-
cific lesions detected [6].

In this study, CCTA images were evaluated to assess for CAC. The threshold for the lesion
to be classified as calcified. It was set to a computed tomography density of 130 Hounsfield
units. CAC positive was determined as the existence of the lesion over 130 Hounsfield units.
CAC was assessed as calcification on the right coronary artery #1, 2, left main trunk artery #5,
left anterior descending coronary artery #6, 7, or left coronary artery circumflex branch #11.
The number of CAC sites (minimum 0-maximum 6) was recorded.

Statistical analysis

We used SPSS for Windows version 20.0 (IBM Corp., Chicago, IL, USA) for all statistical ana-
lyzes. Data are expressed as percentages or means * standard deviation (SD). Fisher’s exact
test, XZ test, and Mann-Whitney U test were used to evaluate risk factors for future CVEs. A
forward stepwise logistic regression was used in model building with the interrogated parame-
ters. In the final multivariate analysis, the statistical significance level was set at P < 0.05. We
used receiver operating characteristic curve analysis to analyze age validity and the number of
CAC sites. We used the Youden index to determine the cutoff values of age and the number of
CAC sites that could predict the future occurrence of CVEs.

Results
Patient characteristics

A total of 171 cases (134 men; mean age, 69.8 + 9.8 years; mean body mass index, 23.9 kg/m?)
were recruited (Table 1). Atrial fibrillation was observed in 8 cases (4.7%), hypertension in 101
cases (59.1%), diabetes mellitus in 68 cases (39.8%), dyslipidemia in 157 cases (91.8%), and
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Table 1. Baseline characteristics of the study population.

Age, y, mean (SD)
Male (%)
BMI (95% CI)
Prior comorbidities
Atrial fibrillation (%)
Hypertension (%)
Diabetes mellitus (%)
HbAlc, %
Dyslipidemia (%)
TG, mg/dL (95% CI)
LDL-C, mg/dL (95% CI)
HDL-C, mg/dL (95% CI)
Smoking history (%)
The reason for PCI
ACS (%)
CCS (%)
Medications
Antiplatelet drugs before PCI (%)
Antiplatelet drugs after PCI (%)
Anticoagulant drugs before PCI (%)
Anticoagulant drugs after PCI (%)

69.8 (9.8)
134 (78.4)
23.9 (22.3-25.5)

8 (4.7)

101 (59.1)

68 (39.8)

7.0 (6.0-7.9)
157 (91.8)

144 (130-159)
100 (94-106)
51 (49-53)

99 (57.9)

56 (32.7)
115 (67.3)

113 (66.1)
169 (98.8)
8(4.7)

18 (10.5)

BMI: Body mass index; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol; PCI: Percutaneous coronary

intervention; CI: Confidence interval; HDL-C: High-density lipoprotein cholesterol; SD: Standard deviation; ACS:

Acute coronary syndrome; CCS: Chronic coronary syndrome.

https://doi.org/10.1371/journal.pone.0251253.t001

positive smoking history in 99 cases (57.9%). Blood test findings were as follows: TG, 144
[130-159] mg/dL; HDL-C, 51 [49-53] mg/dL; LDL-C, 100 [94-106] mg/dL; and HbAlc, 7.0
[6.0-7.9] %. Fifty-six patients received PCI for acute coronary syndrome (ACS), and 115
patients received PCI for chronic coronary syndrome (CCS). Antiplatelet therapy was per-
formed for 113 patients before PCI and 169 patients after PCI, respectively.

Coronary artery calcification

CCTA images were evaluated to assess coronary artery calcification. The number of CACs was
counted (Fig 1). A list of coronary artery calcifications for each patient based on the American
Heart Association classification was provided in the supplementary material. Coronary artery

calcification of left main trunk (LMT) was observed 55 cases (32.2%).

During a median follow-up period of 33 months, the onset of cerebral infarction was
observed in 20 cases (11.7%). The risk factors for future CVEs are shown in Table 2. Univariate
analysis showed that CAC was significantly associated with future cerebral infarction
(p=0.015) and LMT calcification (p = 0.038). Higher age, male sex, hypertension, diabetes
mellitus, smoking history, and atrial fibrillation were not related to the risk of future CVEs.
According to multivariate analysis, more CAC sites (p = 0.009) and post-PCI for CCS
(p = 0.049) were significantly related to the risk of future CVEs (Table 3).

The area under the curve was 0.684 (95% confidence interval, 0.513-0.855) for the number
of CAC sites as a predictor of future CVEs (>95th percentile). The cutoff value of the number
of CAC sites for predicting future CVEs was 4.5 (sensitivity: 0.602, specificity: 0.743).
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Fig 1. Representative case. (A) Three-dimensional (3D) reconstruction and (B) axial computed tomography image showing no coronary artery calcification (CAC). (C)
3D reconstruction and (D) axial image showing CAC; #1, #2, #6, and #11 are highly calcified. The number of CAC sites was 4 (arrow).

https://doi.org/10.1371/journal.pone.0251253.g001

There was no significant cervical internal carotid artery stenosis for patients who occurred
CVEs.

Discussion

In this study, the incidence of CVEs after PCI in the chronic phase was approximately 10%.
More CAC sites and post-PCI for CCS were independent predictors of future CVEs develop-
ment. As with the traditional Agatston’s method, the new and easy method to assess CACs
accurately reflected the risk of future CVEs. The incidence of post-PCI CVEs did not depend
on the presence or absence of significant carotid artery stenosis.

Atherosclerosis is a significant cause of cardiovascular disease and stroke. It is characterized
by the accumulation of lipids in arteries, the formation of plaques, and ultimately cardiovascu-
lar disease and stroke. Measuring atherosclerosis at the asymptomatic stage has important
implications for understanding its progression in the clinical setting and may offer the
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Table 2. Risk factors of future cerebrovascular events on univariate analysis.

Cerebrovascular events P value
Yes (n =20) No (n=151)

Mean (SD) age, y 73.0 8.1 69.5+9.6 0.129

Male (%) 16 (80.0) 118 (78.1) 0.850

BMI (95% CI) 22.8 (22.1-23.5) 24.1(22.3-25.9) 0.609

Hypertension (%) 14 (70.0) 86 (57.0) 0.294

Laboratory data
HbAlc, % 6.4 (6.2-6.6) 7.1(5.9-8.2) 0.765
TG, mg/dL (95% CI) 130 (115-144) 146 (130-162) 0.392
LDL-C, mg/dL (95% CI) 99 (89-109) 99 (94-105) 0.918
HDL-C, mg/dL (95% CI) 49 (47-52) 53 (50-55) 0.420
LDL-C/HDL-C ratio 2.07£0.82 2.06 +1.11 0.969

Smoking history (%) 10 (50.0) 90 (59.6) 0.359

The reason for PCI 0.084
ACS (%) 3(15.0) 53 (35.1)

CCS (%) 17 (85.0) 96 (63.6)

Number of CAC sites 3.55+2.24 2.38 +£1.89 0.015
>3 (%) 12 (60) 63 (41.7) 0.122
>4 (%) 11 (55) 43 (28.5) 0.016
>5 (%) 9 (45) 25 (16.6) 0.003

LMT calcification 11 (55) 44 (29.1) 0.038

BMI: Body mass index; ICA: Internal carotid artery; PCI: Percutaneous coronary intervention; CAC: Coronary artery calcification; TG: Triglyceride; LDL-C: Low-
density lipoprotein cholesterol; CI: Confidence interval; HDL-C: High-density lipoprotein cholesterol; SD: Standard deviation; ACS: Acute coronary syndrome; CCS:

Chronic coronary syndrome; LMT: Left main trunk of coronary artery.

https://doi.org/10.1371/journal.pone.0251253.t1002

potential for early interventions in a clinical and public health practice. Intervention before
and during the preclinical stage of atherosclerosis may be an effective way to prevent cardio-
vascular disease and stroke. CAC is one of the risk factors for atherosclerosis, as well as hyper-
tension, diabetes mellitus, dyslipidemia, smoking, overweight, and family history of heart
disease [14]. In this study, some patients had systemic atherosclerosis. Systemic atherosclerosis
may be the cause of CVEs after PCI in the chronic phase.

This study demonstrated the relationship between CAC and CVEs, which has previously
been recognized as controversial. The Multi-Ethnic Study of Atherosclerosis showed that over
50% of carotid artery stenosis was associated with the presence of CAC [15]. The MESA study
also showed that the CAC scores were an independent predictor of CVEs and improved inci-
dent CVEs to discriminate current stroke risk factors against the Framingham stroke risk
scores [16]. In the Cardiovascular Health Study, the CCA-intima-media thickness was more
strongly associated with stroke than CAC, but CAC was also a stroke predictor [17]. Kim et al.

Table 3. Risk factors of future cerebrovascular events on multivariate analysis.

Odds ratio 95% CI P value
Number of CAC sites 1.417 1.092-1.839 0.009
The reason for PCI (CCS vs. ACS) 0.255 0.066-0.994 0.049

PCI: Percutaneous coronary intervention; CAC: Coronary artery calcification; CI: Confidence interval; ACS: Acute

coronary syndrome; CCS: Chronic coronary syndrome.

https://doi.org/10.1371/journal.pone.0251253.t1003
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showed that moderate-to-extensive CAC was associated with the development of ischemic
stroke (OR 1.72, 95% confidence interval 1.05-2.80, compared to subjects with no CAC) [18].
Lee et al. reported that the presence and extent of CAC were associated with ischemic stroke
and were independent predictors [19]. The CAC score could predict stroke events, especially
younger patients (under 65 years) and those in low-to-intermediate Framingham risk groups
[20]. In contrast, in the Rotterdam study, there was no clear relationship between CAC and
CVEs for a median follow-up of 3.5 years; calcification of the coronary, aortic arch and carotid
arteries significantly predicted coronary heart disease, but not cerebrovascular events [21].
Stroke was significantly associated with carotid artery calcification, but not aortic arch or coro-
nary artery calcification [22]. In this study, 11.6% of patients who received invasive coronary
artery intervention suffered a cerebral infarction during a median follow-up period of 33
months. This study suggests that patients with more CAC sites may be most likely to benefit
from earlier and more aggressive treatment of common risk factors to prevent CVEs and coro-
nary artery disease.

Individuals with positive or increased CAC scores, calculated using traditional Agatston’s
method, may be more likely to have an increased intracranial and extracranial vascular
disease prevalence. Previous studies showed that individuals with higher CAC scores showed a
significantly increased odds ratio (2.75-4.79) for intracranial arterial stenosis than individuals
with lower CAC scores [23]. Other studies reported a relationship between CAC and cerebral
small vessel diseases, including white matter lesions, asymptomatic lacunar infarction, and
cerebral microbleeds. Small vessel diseases are thought to develop in association with the ath-
erosclerotic state [24]. This study did not examine intracranial arterial stenosis. Some patients
who experienced CVEs after PCI in the chronic phase may have some intracranial arterial
stenosis.

In this study, post-PCI for CCS was also an independent predictor of future CVEs
development.

In the early stage of arteriosclerosis, plaques are formed by intimal thickening, lipid deposi-
tion, and macrophage infiltration. In this stage, the vascular lumen is preserved by positive
remodeling of the outer diameter. Further growth of plaques and compensatory insufficiency
narrows the vascular lumen. Severe stenosis causes chronic coronary disease. Inflammation
plays a vital role in the development and progression of this arteriosclerosis [25].

A lipid-rich necrotic core contains cholesterin crystals and inflammatory cell infiltration,
and a thin fibrous fragile capsule covers this core. In this process, a vulnerable plaque is
formed. If this vulnerable plaque ruptures, ACS occurs due to the thrombus formation in the
coronary artery [26].

This difference between ACS and CCS may influence the future CVEs development.

Although we consider our findings to be valid, our study has some limitations. First, the fol-
low-up period was not long, and therefore, some patients may experience a stroke in the
future. This may have led us to underestimate the risk of future stroke in this population. Sec-
ond, our study did not evaluate intracranial arterial stenosis; therefore, the exact etiology of
stroke in our study was not clear.

Conclusions

In our study, the incidence of CVEs after PCI in the chronic phase was about 10%. More CAC
sites and post-PCI for CCS were independent predictors of future CVE. The new and easy
method to evaluate CAC, proposed in this study, accurately reflects the future risk of CVEs
after PCI in the chronic phase. There was no significant cervical internal carotid artery stenosis
for patients who occurred CVEs.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251253 May 6, 2021 7/9


https://doi.org/10.1371/journal.pone.0251253

PLOS ONE

Stroke risk in the chronic phase following PCI

Supporting information

S1 Data.
(XLSX)

Acknowledgments

We would like to thank Editage (www.editage.com) for English language editing.

Author Contributions

Data curation: Shinsuke Muraoka, Daiki Somiya, Aoi Ebata.

Formal analysis: Shinsuke Muraoka, Daiki Somiya, Aoi Ebata.

Investigation: Shinsuke Muraoka, Daiki Somiya, Aoi Ebata.

Methodology: Shinsuke Muraoka.

Project administration: Shinsuke Muraoka.

Resources: Shinsuke Muraoka, Daiki Somiya, Aoi Ebata.

Supervision: Naoki Koketsu.

Validation: Shinsuke Muraoka, Yuki Kumagai.

Visualization: Shinsuke Muraoka, Yuki Kumagai.

Writing - original draft: Shinsuke Muraoka.

Writing - review & editing: Shinsuke Muraoka.

References

1.

Varenne O, Cook S, Sideris G, Kedev S, Cuisset T, Carrié D, et al; SENIOR investigators. Drug-eluting
stents in elderly patients with coronary artery disease (SENIOR): a randomised single-blind trial. Lan-
cet. 2018; 391:41-50. https://doi.org/10.1016/S0140-6736(17)32713-7 PMID: 29102362

Natsuaki M, Morimoto T, Yamaji K, Watanabe H, Yoshikawa Y, Shiomi H, et al; CREDO-Kyoto PCI/
CABG Registry Cohort 2, RESET, and NEXT trial investigators. Prediction of Thrombotic and Bleeding
Events After Percutaneous Coronary Intervention: CREDO-Kyoto Thrombotic and Bleeding Risk
Scores. J Am Heart Assoc. 2018; 7:e008708. https://doi.org/10.1161/JAHA.118.008708 PMID:
29789335

Makikallio T, Holm NR, Lindsay M, Spence MS, Erglis A, Menown IB, et al; NOBLE study investigators.
Percutaneous coronary angioplasty versus coronary artery bypass grafting in treatment of unprotected
left main stenosis (NOBLE): a prospective, randomised, open-label, non-inferiority trial. Lancet. 2016;
388:2743-2752. https://doi.org/10.1016/S0140-6736(16)32052-9 PMID: 27810312

Bgnaa KH, Mannsverk J, Wiseth R, Aaberge L, Myreng Y, Nygard O, et al; NORSTENT Investigators.
Drug-Eluting or Bare-Metal Stents for Coronary Artery Disease. N Engl J Med. 2016; 375:1242—-1252.
https://doi.org/10.1056/NEJMoa1607991 PMID: 27572953

Achenbach S, Ropers D, Kuettner A, Flohr T, Ohnesorge B, Bruder H, et al. Contrast-enhanced coro-
nary artery visualization by dual-source computed tomography—initial experience. Eur J Radiol. 2006;
57:331-335. https://doi.org/10.1016/j.ejrad.2005.12.017 PMID: 16426789

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr., Detrano R. Quantification of coro-
nary artery calcium using ultrafast computed tomography. J Am Coll Cardiol. 1990; 15:827-832. https://
doi.org/10.1016/0735-1097(90)90282-t PMID: 2407762

Alluri K, Joshi PH, Henry TS, Blumenthal RS, Nasir K, Blaha MJ. Scoring of coronary artery calcium
scans: history, assumptions, current limitations, and future directions. Atherosclerosis. 2015; 239:109—
117. https://doi.org/10.1016/j.atherosclerosis.2014.12.040 PMID: 25585030

Abbott AL. Medical (nonsurgical) intervention alone is now best for prevention of stroke associated with
asymptomatic severe carotid stenosis: results of a systematic review and analysis. Stroke. 2009; 40:
e573-583. https://doi.org/10.1161/STROKEAHA.109.556068 PMID: 19696421

PLOS ONE | https://doi.org/10.1371/journal.pone.0251253 May 6, 2021 8/9


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0251253.s001
http://www.editage.com/
https://doi.org/10.1016/S0140-6736%2817%2932713-7
http://www.ncbi.nlm.nih.gov/pubmed/29102362
https://doi.org/10.1161/JAHA.118.008708
http://www.ncbi.nlm.nih.gov/pubmed/29789335
https://doi.org/10.1016/S0140-6736%2816%2932052-9
http://www.ncbi.nlm.nih.gov/pubmed/27810312
https://doi.org/10.1056/NEJMoa1607991
http://www.ncbi.nlm.nih.gov/pubmed/27572953
https://doi.org/10.1016/j.ejrad.2005.12.017
http://www.ncbi.nlm.nih.gov/pubmed/16426789
https://doi.org/10.1016/0735-1097%2890%2990282-t
https://doi.org/10.1016/0735-1097%2890%2990282-t
http://www.ncbi.nlm.nih.gov/pubmed/2407762
https://doi.org/10.1016/j.atherosclerosis.2014.12.040
http://www.ncbi.nlm.nih.gov/pubmed/25585030
https://doi.org/10.1161/STROKEAHA.109.556068
http://www.ncbi.nlm.nih.gov/pubmed/19696421
https://doi.org/10.1371/journal.pone.0251253

PLOS ONE

Stroke risk in the chronic phase following PCI

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Kakkos SK, Nicolaides A, Griffin M, Sabetai M, Dhanijil S, Thomas DJ, et al; Asymptomatic Carotid Ste-
nosis and Risk of Stroke (ACSRS) Study Group. Factors associated with mortality in patients with
asymptomatic carotid stenosis: results from the ACSRS Study. Int Angiol. 2005; 24:221-230. PMID:
16158030

King A, Shipley M, Markus H; ACES Investigators. The effect of medical treatments on stroke risk in
asymptomatic carotid stenosis. Stroke. 2013; 44:542—-546. https://doi.org/10.1161/STROKEAHA.112.
673608 PMID: 23192761

North American Symptomatic Carotid Endarterectomy Trial Collaborators, Barnett HIM, Taylor DW,
Haynes RB, Sackett DL, Peerless SJ, Ferguson GG, et al. Beneficial effect of carotid endarterectomy in
symptomatic patients with high-grade carotid stenosis. N Engl J Med. 1991; 325:445-453. https://doi.
org/10.1056/NEJM199108153250701 PMID: 1852179

Wang TJ, Nam BH, Wilson PW, Wolf PA, Levy D, Polak JF, et al. Association of C-reactive protein with
carotid atherosclerosis in men and women: the Framingham Heart Study. Arterioscler Thromb Vasc
Biol. 2002; 22:1662—1667. https://doi.org/10.1161/01.atv.0000034543.78801.69 PMID: 12377746

Koga M, Kimura K, Minematsu K, Yamaguchi T. Diagnosis of internal carotid artery stenosis greater
than 70% with power Doppler duplex sonography. AUNR Am J Neuroradiol. 2001; 22:413—417. PMID:
11156792

Fujiyoshi A, Miura K, Ohkubo T, Kadowaki T, Kadowaki S, Zaid M, et al. Cross-sectional comparison of
coronary artery calcium scores between Caucasian men in the United States and Japanese men in
Japan: the multi-ethnic study of atherosclerosis and the Shiga epidemiological study of subclinical ath-
erosclerosis. Am J Epidemiol. 2014; 180:590-598. https://doi.org/10.1093/aje/kwu169 PMID:
25125689

Lee KB, Budoff MJ, Zavodni A, Polak JF, Jeffrey Carr J, Burke GL, et al. Coronary artery calcium is
associated with degree of stenosis and surface irregularity of carotid artery. Atherosclerosis. 2012;
223:160-165. https://doi.org/10.1016/j.atherosclerosis.2012.05.012 PMID: 22658554

Gibson AO, Blaha MJ, Arnan MK, Sacco RL, Szklo M, Herrington DM, et al. Coronary artery calcium
and incident cerebrovascular events in an asymptomatic cohort. The MESA Study. JACC Cardiovasc
Imaging. 2014; 7:1108-1115. https://doi.org/10.1016/j.jcmg.2014.07.009 PMID: 25459592

Kim BJ, Lee SH, Kim CK, Ryu WS, Kwon HM, Choi SY, et al. Advanced coronary artery calcification
and cerebral small vessel diseases in the healthy elderly. Circ J. 2011; 75:451-456. https://doi.org/10.
1258/circj.cj-10-0762 PMID: 21157110

Kim BJ, Choi SY, Lee SH, Kim CK, Ryu WS, Han MK, et al. Advanced coronary artery calcification is
associated with ischemic stroke. Cerebrovasc Dis. 2010; 30:93—100. https://doi.org/10.1159/
000314711 PMID: 20501993

Lee H, Yoon YE, Kim YJ, Kim HL, Lee SP, Kim HK, et al. Presence and extent of coronary calcified pla-
que evaluated by coronary computed tomographic angiography are independent predictors of ischemic
stroke in patients with suspected coronary artery disease. Int J Cardiovasc Imaging. 2015; 31:1469—
1478. https://doi.org/10.1007/s10554-015-0709-8 PMID: 26179861

Hermann DM, Gronewold J, Lehmann N, Moebus S, Jéckel KH, Bauer M, et al; Heinz Nixdorf Recall
Study Investigative Group. Coronary artery calcification is an independent stroke predictor in the gen-
eral population. Stroke. 2013; 44:1008-1013. https://doi.org/10.1161/STROKEAHA.111.678078 PMID:
23449263

Elias-Smale SE, Wieberdink RG, Odink AE, Hofman A, Hunink MG, Koudstaal PJ, et al. Burden of ath-
erosclerosis improves the prediction of coronary heart disease but not cerebrovascular events: the Rot-
terdam Study. Eur Heart J. 2011; 32:2050—2058. https://doi.org/10.1093/eurheartj/ehr125 PMID:
21606087

Elias-Smale SE, Odink AE, Wieberdink RG, Hofman A, Hunink MG, Krestin GP, et al. Carotid, aortic
arch and coronary calcification are related to history of stroke: the Rotterdam Study. Atherosclerosis.
2010; 212:656—660. https://doi.org/10.1016/j.atherosclerosis.2010.06.037 PMID: 20643406

Oh HG, Chung PW, Rhee EJ. Increased risk for intracranial arterial stenosis in subjects with coronary
artery calcification. Stroke. 2015; 46:151-156. https://doi.org/10.1161/STROKEAHA.114.006996
PMID: 25388414

Newman AB, Naydeck BL, Ives DG, Boudreau RM, Sutton-Tyrrell K, O’Leary DH, et al. Coronary artery
calcium, carotid artery wall thickness, and cardiovascular disease outcomes in adults 70 to 99 years
old. Am J Cardiol. 2008; 101:186—-192. https://doi.org/10.1016/j.amjcard.2007.07.075 PMID: 18178404

Libby P, Ridker PM, Maseri A. Inflammation and atherosclerosis. Circulation 2002; 105:1135-1143.
https://doi.org/10.1161/hc0902.104353 PMID: 11877368

Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM. Lessons from sudden coronary death: a com-
prehensive morphological classification scheme for atherosclerotic lesions. Arterioscler Thromb Vasc
Biol. 2000 May; 20(5):1262—1275. https://doi.org/10.1161/01.atv.20.5.1262 PMID: 10807742

PLOS ONE | https://doi.org/10.1371/journal.pone.0251253 May 6, 2021 9/9


http://www.ncbi.nlm.nih.gov/pubmed/16158030
https://doi.org/10.1161/STROKEAHA.112.673608
https://doi.org/10.1161/STROKEAHA.112.673608
http://www.ncbi.nlm.nih.gov/pubmed/23192761
https://doi.org/10.1056/NEJM199108153250701
https://doi.org/10.1056/NEJM199108153250701
http://www.ncbi.nlm.nih.gov/pubmed/1852179
https://doi.org/10.1161/01.atv.0000034543.78801.69
http://www.ncbi.nlm.nih.gov/pubmed/12377746
http://www.ncbi.nlm.nih.gov/pubmed/11156792
https://doi.org/10.1093/aje/kwu169
http://www.ncbi.nlm.nih.gov/pubmed/25125689
https://doi.org/10.1016/j.atherosclerosis.2012.05.012
http://www.ncbi.nlm.nih.gov/pubmed/22658554
https://doi.org/10.1016/j.jcmg.2014.07.009
http://www.ncbi.nlm.nih.gov/pubmed/25459592
https://doi.org/10.1253/circj.cj-10-0762
https://doi.org/10.1253/circj.cj-10-0762
http://www.ncbi.nlm.nih.gov/pubmed/21157110
https://doi.org/10.1159/000314711
https://doi.org/10.1159/000314711
http://www.ncbi.nlm.nih.gov/pubmed/20501993
https://doi.org/10.1007/s10554-015-0709-8
http://www.ncbi.nlm.nih.gov/pubmed/26179861
https://doi.org/10.1161/STROKEAHA.111.678078
http://www.ncbi.nlm.nih.gov/pubmed/23449263
https://doi.org/10.1093/eurheartj/ehr125
http://www.ncbi.nlm.nih.gov/pubmed/21606087
https://doi.org/10.1016/j.atherosclerosis.2010.06.037
http://www.ncbi.nlm.nih.gov/pubmed/20643406
https://doi.org/10.1161/STROKEAHA.114.006996
http://www.ncbi.nlm.nih.gov/pubmed/25388414
https://doi.org/10.1016/j.amjcard.2007.07.075
http://www.ncbi.nlm.nih.gov/pubmed/18178404
https://doi.org/10.1161/hc0902.104353
http://www.ncbi.nlm.nih.gov/pubmed/11877368
https://doi.org/10.1161/01.atv.20.5.1262
http://www.ncbi.nlm.nih.gov/pubmed/10807742
https://doi.org/10.1371/journal.pone.0251253

