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Abstract: Coronary artery disease (CAD), comprising both acute coronary syndromes (ACS) and
chronic coronary syndromes (CCS), remains one of the most important killers throughout the entire
world. ACS is often quickly diagnosed by either deviation on an electrocardiogram or elevated
levels of troponin, but CCS appears to be more complicated. The most used noninvasive strategies
to diagnose CCS are coronary computed tomography and perfusion imaging. Although both show
reasonable accuracy (80–90%), these modalities are becoming more and more subject of debate due
to costs, radiation and increasing inappropriate use in low-risk patients. A reliable, blood-based
biomarker is not available for CCS but would be of great clinical importance. Extracellular vesicles
(EVs) are lipid-bilayer membrane vesicles containing bioactive contents e.g., proteins, lipids and
nucleic acids. EVs are often referred to as the “liquid biopsy” since their contents reflect changes
in the condition of the cell they originate from. Although EVs are studied extensively for their
role as biomarkers in the cardiovascular field during the last decade, they are still not incorporated
into clinical practice in this field. This review provides an overview on EV biomarkers in CCS and
discusses the clinical and technological aspects important for successful clinical application of EVs.

Keywords: chronic coronary syndrome (CCS); coronary artery disease (CAD); angina pectoris;
extracellular vesicles (EVs); biomarker; protein; liquid biopsy cardiovascular disease

1. Introduction

Coronary artery disease (CAD) remains one of the most important killers among the entire world,
despite tremendous improvements in diagnostic and therapeutic strategies [1]. CAD comprises acute
coronary syndromes (ACS) and chronic coronary syndromes (CCS, e.g., stable angina). The underlying
pathophysiology that causes CAD is known as atherosclerosis [1]. This is a longstanding, continuous
process of accumulation and progression of plaque material within the vessel wall [2]. Atherosclerotic
plaques are often stable for long periods and can eventually cause a diminished oxygen supply to the
heart muscle during exertion. This causes ischemia and subsequent chest pain [3]. The resulting clinical
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syndrome is known as CCS, for which medical or interventional therapies are generally required.
Plaque rupture or plaque erosion initiates an acute thrombotic luminal occlusion that can cause acute
blockage of one the coronary vessels, resulting in ACS and, subsequently, myocardial infarction [4].
ACS requires immediate revascularization of the affected vessel.

ACS is often quickly diagnosed with either an abnormal electrocardiogram (ECG) or elevated
cardiac biomarkers, such as high-sensitive cardiac troponin (hs-cTn), indicating cell damage of the
myocardium. Diagnosing CCS appears to be more complicated. Figure 1 provides an overview
of the diagnostic workflow of a patient presenting with chest pain at the general practitioner and
the diagnostic possibilities once referred to the cardiologist. The reference standard for CCS is still
coronary angiography (CAG), but considering its invasive character, this is used with caution [1,5].
Currently, the most used noninvasive strategies are coronary computed tomography (CT) or myocardial
perfusion imaging (MPI). The diagnostic accuracy of these different imaging modalities is relatively
high (80–90%), but only 10–20% of symptomatic patients turn out to have CCS [6]. The low number of
patients suffering from the actual disease are the result of an increasing use of these test modalities
in the low-risk population [7–9]. They are becoming more and more subject of debate because of
unnecessary radiation exposure for the patient and high costs. A reliable, blood-based biomarker
would therefore be important to improve the diagnostic strategy around patients suspected for CCS.
Until now, no such biomarker exists.

Figure 1. Diagnostic track of patients with chest pain suspected for a chronic coronary syndrome (CCS).
Patients suspected of CCS are often referred to a cardiologist. Patients undergo either noninvasive or
invasive tests. The choice for one of the tests is based on the pre-test probability of a patient having
CCS and availability in the hospital. Created with BioRender.com.

Since the early 1960s, there is a growing interest for extracellular vesicles (EVs) as potential
biomarker sources [10]. EVs are lipid bilayer membrane vesicles containing bioactive contents
(e.g., proteins, lipids and nucleic acids) [11]. Almost all cells are able to produce EVs, with their
contents changing when the cell of origin changes due to (patho)physiology [12,13]. Due to this,
EVs are often referred to as the “liquid biopsy”. The ability to study their (variable) contents makes
them an interesting source for future biomarkers.

In this review, we first provide an overview of the performance of existing plasma biomarkers in
CCS. Second, we review the existing evidence with regard to the additional value that EV biomarkers
might have in diagnosing CCS. Last, despite an increasing number of publications regarding EVs
as biomarker, the use of EVs in the cardiovascular field is not yet fully established. The use of EVs
were recently incorporated into clinical practice in the cancer field of medicine [14–16]. We highlight
several clinical aspects that need to be addressed in future studies to accelerate successful clinical
implementation of EVs in the cardiovascular field.

BioRender.com.
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2. Current Diagnostic Plasma Biomarkers in CCS

The use of biomarkers to detect CCS are studied extensively. Multiple promising markers were
identified using a proteomics or metabolomics approach. However, new markers often fail when
applied to an external and/or different population [17–19]. The focus of this review is on proteins and
their function as biomarker, however, RNA, DNA or other cell particles in theory could also function
as biomarkers.

2.1. Single Plasma Biomarker Approach

After the successful implementation of hs-cTn to diagnose ACS, identification of biomarkers with
a similar accuracy for other coronary pathologies, such as CCS, received a lot attention. Many different
markers for CCS were proposed, with the best known being natriuretic peptides, hs-cTn and C-reactive
protein (CRP).

2.1.1. Natriuretic Peptides

Natriuretic peptides, both B-type (BNP), and the N-terminal of the prohormone (NT-proBNP)
are secreted as result of myocardial stretch [15]. Two studies investigated the diagnostic potential
of natriuretic peptides in patients with stable angina who underwent CAG [20,21]. Weber et al.
found NT-proBNP as an independent predictor for obstructive CCS in a small cohort study of
94 patients. They found an area under the curve (AUC) of 0.72 at a cutoff level of 214 pg/mL [20].
Additionally, a larger, comparable study performed in 781 patients found the same association but
different cutoff points for men (85 pg/mL), with an AUC of 0.72, and women (165 pg/mL), with an AUC
of 0.71 [21]. Both studies excluded patients with known heart failure or left ventricular ejection fraction
of <60%. A meta-analysis performed in 2009 included 14 studies with a total of 2784 participants.
They found a pooled sensitivity for the detection of stress-induced myocardial ischemia with 71%
(NT-pro)BNP, however the pooled specificity was only 52% [22]. The performance of (NT-pro)BNP
was consistent throughout different studies but remains limited compared to clinical models [23–27].
Jensen et al. showed an overview of five commonly used clinical risk scores and their performances
in a large cohort of 5414 patients [28]. The AUCs of all clinical models varied between 0.68–0.72.
Since most BNP studies also showed AUCs of ~0.70, the limited value of BNP on top of clinical models
is not surprising. This was also seen when the performance of BNP (AUC 0.66) was compared with a
clinical judgement score (AUC 0.66) [29].

2.1.2. High-Sensitive Cardiac Troponin

Hs-cTn is well known for its role in diagnosing ACS, and, since it is a marker of cell damage
caused by myocardial ischemia, it might also be helpful in diagnosing CCS. Higher levels of hs-cTn
in patients without ACS were observed in patients that were older, had high systolic blood pressure,
an increased left ventricular mass and/or renal impairment [30]. Hs-cTn was shown to be associated
with the severity of CAD on CAG [31,32]. Moreover, a modest increase in AUC (0.79 to 0.80) to
detect CCS in addition to a clinical judgement score was found [33]. However, this finding was not
replicated in other large cohorts [29]. Tanglay et al. investigated the incremental value of a single
hs-cTn measurement to rule out stress-induced myocardial ischemia and found an AUC to detect
stress-induced ischemia with hs-cTn of 0.70 compared to an AUC of 0.69 from their clinical judgement
model (p value = not significant) [34].

2.1.3. C-Reactive Protein

CRP is an inflammatory marker, but also an acute-phase protein, and considered to be a nonspecific
marker of inflammation [35]. Among all inflammatory biomarkers studied in CAD, CRP requires
the most attention; unfortunately, the value of CRP to diagnose CCS appears to be limited [19,36].
The association between CRP and the extend of CAD was studied in a large cohort (>2500 participants)
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referred for CAG because of typical chest pain [37]. Only very modest correlation coefficients between
CRP and CAD severity were found (r: 0.02–0.08). Another study investigating the diagnostic potential
of CRP failed to show a statistically significant association between plasma CRP levels and obstructive
CAD [38]. Large Mendelian randomization studies analyzing polymorphisms of the CRP gene also
did not provide evidence of a causal relationship between CRP and CAD [39–41].

2.2. Multimarker Approach

After it was recognized that a single biomarker approach might not be able to improve the accuracy
of clinical models to detect CCS, multimarker models were introduced. The idea behind a multimarker
approach is the ability to combine different markers, all representing different pathophysiological
pathways, thereby providing complementary information. Studies investigating a multimarker
approach in diagnosing CCS are limited. One study investigated a dual-biomarker strategy to detect
CCS [29], comparing the diagnostic accuracy of a clinical judgement score with BNP and hs-cTn.
The addition of hs-cTn to the clinical judgement score significantly improved the diagnostic accuracy
(AUC: 0.68 to 0.75), however, a dual marker strategy did not further improve the diagnostic accuracy.

Although multimarker models are studied in more detail regarding the prognosis of CAD patients,
until now, the incremental value of multimarker models in future risk stratification was disappointing.
Wang et al. studied 3532 patients from the Framingham Offspring Study and found that a high
multimarker score was independently associated with both the outcome death as well as major adverse
cardiovascular events (MACE) [42]. The multimarker score for death comprised CRP, NT-proBNP,
homocysteine, plasma renin and urine albumin-to-creatinine ration. For MACE, two markers were
selected: NT-proBNP and urine albumin-to-creatinine ratio. However, no significant differences in
C-statistics were found when comparing a model with clinical predictors (death: 0.80, MACE: 0.76) with
a multimarker model (death: 0.82, MACE: 0.77). Another study among >5000 patients without known
cardiovascular disease (CVD) analyzed the predictive ability of both single and multimarker models
on top of clinical predictors [43]. They analyzed two outcomes, namely, coronary events (selected
markers were MR-proADM and NT-proBNP) and MACE (selected markers were CRP and NT-proBNP).
Only a very modest increase in C-statistic (0.007 for MACE and 0.009 for coronary events) was found
when using a multimarker model compared to a model with clinical predictors. Also, no significant
reclassification of patients into higher or lower risk categories was found. Comparable results were
found in studies with patients with manifest CVD [44,45]. Nevertheless, a multimarker approach
could be the solution for a future CCS marker, but perhaps from another, relatively unexplored source,
such as EVs.

3. EV Origin

Extracellular vesicles are characterized by a bilayer lipid membrane layer [11]. EVs were reported
for the first time in 1946 by Chargaff and West [46], however, they were first recognized by Wolf in
1967 [10]. He observed EVs at that time as “platelet dust”. Following his endeavor, a lot of knowledge
on EVs emerged. Almost all different cell types are able to produce and release EVs. EVs are found
systemically and in basically all body fluids, including blood, urine, cerebrospinal fluid, milk, tears
and saliva [47–54]. Characterization and classification of subpopulations have been subject of debate
for the last years, with a consensus still not reached [55,56]. As a common feature, all subpopulations
of EVs contain bioactive contents (lipids, proteins and nucleic acids). EV contents originate from the
parent cell they are released from [57,58]. Once released into the extracellular space, parts of them can
be identified to serve as cell-cell communicators.

EV Subpopulations

Although it is an ongoing debate regarding how to classify the EV subpopulations, EVs are
often divided in three subtypes based on their size and formation route, namely, apoptotic bodies,
microvesicles and exosomes [59–61] (Figure 2). There is no consensus on specific identifying protein
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markers to distinguish between the three subpopulations [62–64]. Exosomes are considered as the
smallest particles in the EV family, with a size of 30–150 nm [65]. The release and formation of exosomes
is via the endosomal sorting complex release transport (ESCRT) pathway [66]. They are formed as
intraluminal vesicles and mature into multivesicular bodies (MVBs) [57]. MVBs fuse with the outer
plasma membrane to be released within the extracellular space [67]. It was suggested that multiple
subpopulations of exosomes exist, potentially providing additional information on their origin and
role [65]. Microvesicles are EVs that form by outward budding, sometimes called blubbing, of the
cell membrane. Their size is approximately between 100 nm and 1000 nm [59–61,68,69]. The last
subpopulation of EVs are the apoptotic bodies, which are released after cell death. They are >1000 nm
in size and relatively large compared to exosomes and microvesicles.

Figure 2. Overview of extracellular vesicle (EV) subpopulations and formation routes. EVs are often
divided into three subpopulations, namely, exosomes, microvesicles and apoptotic bodies. Exosomes
are considered the smallest population, released by fusion with the plasma membrane. Microvesicles
are secreted by blubbing, as can be seen in green. Lastly, apoptotic bodies are fragments released from
cells during apoptosis, considered to be the largest in size. Created with BioRender.com.

4. EVs as Diagnostic Biomarkers in Atherosclerosis

Atherosclerosis is considered to be the underlying syndrome of cardiovascular disease. EVs are
considered to be key mediators in both the atherosclerotic plaque formation and its progression.
EVs are thought to be involved in inflammation and thrombus formation and are therefore thought
to carry useful information to serve as biomarkers [70,71]. Clinical risk factors associated with CAD
are diabetes mellitus, hypertension, metabolic syndrome, hypercholesterolemia and smoking [72,73].
Several studies showed higher levels of circulation EVs in plasma to be associated with some of these
risk factors [74,75], including diabetes [76,77], hypertension [78,79], hypercholesterolemia [80,81] and
smoking [82–84]. Moreover, associations between EVs and subclinical atherosclerosis (diagnosed
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with ultrasound of the femoral artery, carotid artery or abdominal aorta) were also found [85,86].
Within CVD, EVs are the most studied as prognostic markers in CAD [87–89]. However, less is known
about their diagnostic potential for CCS.

4.1. Extracellular Vesicle Count in CCS

One way to analyze plasma EV levels is to measure the number of circulating EVs, also described
as count. There is an increasing number of publications on EVs in the cardiovascular field, however
the subject of this review is the presumed role of EVs specifically in CCS. We focus specifically on
their diagnostic potential in CCS patients. Table 1 provides a preselected overview of studies that
investigated the role of EV counts of different subpopulations based on cellular origin with regard
to CCS. Some of the studies are described below in more detail. Chironi et al. showed that the
number of circulating leukocyte-derived EVs (LDEVs) were independently associated with subclinical
atherosclerosis [85]. A study among 33 postmenopausal women undergoing coronary calcium scoring
on coronary CT showed a positive association between the number of circulating EVs and both the
Framingham risk score (FRS) as well as coronary calcium scores [86]. The effect of our circadian rhythm
on the levels of circulating EVs was studied by a Scandinavian group in 30 patients, of which 10 had
CCS and 20 patients were healthy controls [90]. They found a slight variation in total circulating EV
count and the circadian rhythm, but no effect was seen for platelet-derived EVs.

CCS is characterized by stress-induced ischemia. Augustine et al. showed an increase in
circulating EVs after dobutamine stress echocardiography, except for the patients with signs suggestive
for stress-induced ischemia [91]. Sinning et al. [92] found a similar result of diminished EV release
after stress-test imaging in patients with significant CCS, emphasizing a dynamic process of EV
release. Several studies showed differences in the number of circulating (subpopulations of) EVs
between patients with CCS and healthy controls, but also between patients with CCS and ACS [93–98].
These were however, mainly studies in small cohorts and were often cross-sectional. Mirachi et al.
compared levels of two species of endothelial-derived EVs (EDEVs) (CD31+ and CD51+) between
84 patients with CAD (64 ACS and 20 CCS) and 42 healthy controls [93]. Levels of CD31+ EDEVs
differed significantly between the ACS, CCS and controls, whereas CD51+ EDEVs only differed between
CAD versus control, however no differences between ACS and CCS were observed. Additionally,
this study also investigated levels of platelet-derived EVs (PDEVs), showing only elevated levels in
patients with ACS. No differences were seen between CCS and ACS or CCS and controls [93]. Another
study performed by Biasucci et al. compared levels of EDEVs, PDEVs and circulating EVs (cEVs) in
76 patients [97]. In this study population, 33 patients were diagnosed with CCS and 43 with ACS.
All EV subpopulations were found in significantly higher levels in patients with ACS compared to
patients with SA. They also investigated whether the levels changed over time, which was seen only
for the total amount of circulating EVs [97]. There are contradicting results regarding circulating EV
levels and the degree of luminal stenosis. Werner et al. showed a significant (adjusted) correlation
between levels of circulating EVs and luminal stenosis [99], whereas two other studies did not [98,100].
Only a few studies investigated the diagnostic or prognostic properties of the number of circulating
EVs in CCS patients. The largest study was performed by Nozaki et al. [88], showing in 378 CCS
patients that endothelial-derived EVs were an independent predictor for MACE (hazard ratio (HR):
1.35 95%; confidence interval (CI): 1.09–1.65). Their prognostic model had an AUC of 0.73 and included
the FRS as a clinical prediction rule and plasma biomarkers (CRP and BNP). After addition of the total
count of endothelial-derived EVs, this increased to an AUC of 0.76. These findings were in line with
other comparable studies showing the same results [87,89,101].
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Table 1. Overview of preselected publications on extracellular vesicle count in chronic coronary syndrome patients, including details on subpopulations.

Study Characteristics Extracellular Vesicles Study Findings

Name, Year N (%Male) Design Population Subpopulation Identifier Method Ref.

Jayachandran, 2008 33 (0) Cross
Newly postmenopausal

women undergoing
CT CAC

cEVs AnnexinV+ FC Higher in women with high CAC,
associated with FRS

[86]

PDEVs CD61+/CD42a+ FC Higher in women with high CAC,
associated with FRS

GDEVs CD11b+ FC NS, NA

MDEVs CD14+ FC NS, NA

EDEVs CD62e+/AnnexinV+ FC Higher in women with high CAC,
associated with FRS

Christersson, 2015 30 (53) CC
CCS pts (CAG+) vs.

healthy controls

cEVs AnnexinV+ FC Slight circadian variation

[90]PDEVs CD41+/CD62+ FC NA

EDEVs CD144+/CD14+ FC Sign. higher levels in the morning

Augustine, 2014 119 (45) Co
Consecutive pts
undergoing DSE

cEVs AnnexinV+ FC Sign. rise and fall after DSE in
patients without ischemia

[91]

PDEVs CD31+/CD41+ FC Sign. rise and fall after DSE in
patients without ischemia

EryDEVs CD235a+ FC Sign. rise and fall after DSE in
patients without ischemia

EDEVs CD31+/CD41−,
CD62e+, CD106+

FC Sign. rise and fall after DSE in
patients without ischemia

LDEVs APC+ FC NS

GDEVs CD66b+ FC NS

MDEVs CD14+ FC NS

Sinning, 2016 80 (71) Co
Consecutive pts

undergoing DSE and CAG

EDEVs AnnexinV+/CD31+ FC Decrease after DSE in patients
with ischemia

[92]
MDEVs AnnexinV+/CD14+ FC Decrease after DSE in patients

with ischemia

PDEVs AnnexinV+/CD31+/CD42b+ FC NS
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Table 1. Cont.

Study Characteristics Extracellular Vesicles Study Findings

Name, Year N (%Male) Design Population Subpopulation Identifier Method Ref.

Tan, 2009 89 (49) CC CCS pts referred for CAG PDEVs CD61+/CD42b+ FC Sign higher in CCS, NA with
severity of luminal stenosis [98]

Stęogonekpień, 2012 30 (73) CC
CCS pts vs. ACS vs. control
pts no CCS criteria defined

PDEVs CD42+ FC CCS vs. control NS. ACS vs.
CCS Sign

[96]

LDEVs CD45+ FC CCS vs. control NS. ACS vs.
CCS Sign

MDEVs CD14+ FC CCS vs. control NS. ACS vs.
CCS Sign

EDEVs CD31+, CD34+,
CD51+/CD61+

FC CCS vs. control NS. ACS vs.
CCS Sign

TFDEVs CD142+ FC CCS vs. control NS. ACS vs.
CCS Sign

Biasucci, 2012 76 (74) Obs CCS pts referred for CAG
vs. ACS

cEVs CD31+/AnnexinV+ FC CCS vs. ACS Sign. Sign decrease
over time

[97]PDEVs CD31+/CD42b+ FC CCS vs. ACS Sign. NS decrease
over time

EDEVs CD31+/CD42b- FC CCS vs. ACS Sign. NS decrease
over time

Mizrachi, 2003 108 (NR) CC CCS pts vs. ACS
vs. controls

EDEVs CD31+, CD51+ FC CCS vs. control Sign
[93]

PDEVs CD42+ FC NS (any subgroup)

Mallat, 2000 52 (69) NR CCS (CAG+) vs. ACS vs.
Non cardiac controls

cEVs AnnexinV+ PA CCS vs. Control Sign. ACS vs.
CCS Sign

[95]

NR CD3+ NR NS

NR CD11a+ NR NS

NR CD31+ NR NS

NR CD146+ NR CCS vs. Control Sign. ACS vs.
CCS Sign

NR GP-Ib+ NR NS
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Table 1. Cont.

Study Characteristics Extracellular Vesicles Study Findings

Name, Year N (%Male) Design Population Subpopulation Identifier Method Ref.

Werner, 2005 50 (68) Co CCS (CAG+), acetylcholine EDEVs CD31+/AnnexinV+ FC Sign. (adjusted) correlation with
luminal stenosis [99]

Song, 2015 73 (45) Co CCS pts undergoing CAG EDEVs CD144+/AnnexinV+ FC
Intermediate lesion vs. no lesion
Sign. Not correlated with degree

of stenosis
[100]

Nozaki, 2009 378 (61) Long CCS pts (CAG+ or
>2riskfactors) EDEVs CD144+ FC Independently associated with

MACE HR1.35 (95% CI 1.09–1.65) [88]

Sinning, 2011 200 (70) Long CCS pts (CAG+) EDEVs CD31+/AnnexinV+ FC Independently associated with
MACE HR 2.3 (95% CI 1.3–3.9) [87]

Koga, 2005 234 (57) CC CCS pts (CAG+) +DM
vs. control EDEVs CD144+/CD42b− FC

CCS + DM vs. control Sign.
Predictor of presence CCS (OR 4.1

95% CI 2.20–7.70)
[89]

Hu, 2014 33 (48) CC CCS pts (CAG+) vs. control

EDEVs CD31+/CD42b− FC NS

[101]CD62e+ FC CCS vs. control Sign. Diagnostic
accuracy AUC: 0.80

PDEVs CD41+ FC NR

Design: Cross = Cross-sectional; Co = Cohort; Long = Longitudinal; CC = Case Control. Population: CAC = Coronary Artery Calcium; CCS = Chronic coronary syndrome; CAG =
Coronary angiography (+ indicates proven with this modality); DM = Diabetes Mellitus; ACS = Acute Coronary Syndrome; pts = patients; DSE = Dobutamine Stress Echocardiography.
Subpopulation: cEV = Circulating EV; PDEVs Platelet-derived EVs; EDEVs = Endothelial-derived EVs; GDEVs = Granolycyt-derived EVs; MDEVs = Monocyte-derived EVs; EryDEVs =
Erythrocyte-derived EVs; LDEV = Leukocyte-derived EVs; TFDEVs = TF+-derived EVs. Method: FC = Flowcytometry; PA = Protrombinase Assay. Study findings: FRS = Framingham
Risk Score; Sign = Significant p value < 0.05. NR = Not reported; NS = Not significant; NA = Not associated.
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A different way to analyze subpopulations of EVs is to divide them based on density. This concept
of EV separation was derived from a study showing a reduced amount of EVs in patients with
familial hypercholesterolemia who underwent LDL apheresis [102]. EV subpopulations are still
relatively unexplored and need to be studied in more detail to provide answers on the biological
and pathophysiological functions [103]. They could, however, reflect different origins and a better
signal-to-noise ratio, thereby providing additional information.

4.2. Extracellular Vesicle Content

When the (patho)physiological circumstances of a cell change, not only the number of EVs secreted
by this cell changes, but also their content [11,104]. Compared with the count, data on the role of EV
content in CCS is limited. Both EV nucleotides as well as protein content were described in CVD [104].
RNA quantification relies on the very sensitive and established technology of qPCR [105]. RNA has,
however, the disadvantage of rapid degeneration by RNAse, which is present at high levels in blood.
Further, mRNA levels often do not correlate with encoded proteins or reflect the ongoing biological
process. Protein levels reflect much closer the ongoing process, and quantification is done by using
immunoassays that are commonly used in clinical laboratories. Therefore, we think that proteins have
the largest potential in diagnosing CCS [11,104].

One of the first studies that looked into the EV proteome was performed by Vélez et al. The main
focus of the study was to explore whether they could study the proteome of EVs by comparing
10 ST-elevation myocardial infarction (STEMI) patients with 10 CCS patients [106]. They found
117 differentially regulated proteins between the two groups, indicating a potential source for protein
markers. Another study compared EV-protein levels between STEMI patients and healthy controls [107].
Protein differences were analyzed with a proximity extension assay (Olink, CVD-II panel, N = 92) on
the EV lysates and plasma. They identified three proteins (chyotripsin C, tyrosine-protein kinase (SRC)
and C-C chemokine ligand 17) that showed differences in levels in EVs but not in plasma. Validation
in another set of STEMI patients, CCS patients and healthy controls exposed CRS to be significantly
associated with the degree of CAD. This finding was not found in plasma, indicating the additional
diagnostic value of EVs.

The myomarker study cohort consisted of consecutive patients presenting with stable chest pain at
the outpatient clinic of the Meander Medical Centre in the Netherlands. Details on the study design and
study population can be found in a previous publication [108]. For this study, a case control analysis of
44 men suspected of CCS was performed. Cases were defined as patients with stress-induced ischemia
determined with MPI. Controls were matched based on age and general cardiovascular risk factors
(Supplementary Table S1). In this cohort, we performed proteomics on EV subpopulations (rather than
a total EV population) based on density since we hypothesized that this would provide a more detailed
view of the cell condition. For this, we separated two subpopulations (called the HDL subpopulation
and LDL subpopulation, respectively), as described in the study of Wang et al. [109]. We analyzed in
the HDL- and LDL subpopulations using both the cardiometabolic panel as well as the cardiovascular
III panel (Olink, Proteomics, Uppsala University Sweden). Each panel consisted of 92 proteins
known for their associations with CVD. We identified the three most promising proteins (Cathepsin D,
CD31 and NT-proBNP) based on literature, their diagnostic properties, and the availability of antibodies
(Supplementary Table S2). Using the Meso Scale Discovery (MSD, Rockville, MD, USA) immunoassay,
we confirmed our findings. Figure 3A–C shows boxplots of the MSD results for the selected three
proteins in the EV-HDL subpopulation. The results for the LDL subpopulation are summarized in
Figure 3D–F. It can be appreciated that in the EV-LDL subpopulation, protein levels of Cathepsin
D, CD31 and NT-proBNP were significantly higher in cases compared with controls. In the HDL
subpopulation, only NT-proBNP-protein levels were found to be significantly different between cases
and controls. Our results therefore show the potential of using the Olink technology for the enrichment
of EV proteins in EV subpopulations, followed by confirmation in an established immunoassay.
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Figure 3. Boxplots of three selected proteins measured with MSD. Assessment of reproducibility of Olink
results with a clinically available immunoassay. (A–C) HDL and (D–F) LDL indicate EV-subpopulations.
Cases were 22 male patients with proven CCS and controls were 22 age- and risk-factor-matched
patients who were symptomatic without CCS. Original assay units are pg/uL.

For EV-based diagnosis of CCS, not many data exist. A recent study investigated whether a
selected group of EV-proteins were associated with CCS [108]. EV-Serpin C1, EV-CD14, EV-Serpin G1,
EV-Serpin F2 and EV-Cystatin C (mostly in the HDL-subpopulation) were shown to be independently
associated with the presence of stress-induced ischemia. The prognostic value of EV-protein content in
a large CVD cohort was for described for the first time by Kanhai et al. [110]. They found EV-Cystatin
C, EV-Serpin F2 and EV-CD14 protein levels to be independently associated with future cardiovascular
events. A different study found an independent association between the extent of CVD and the levels
of EV-CD14 [111]. Several other studies investigated the role of EV content in ACS, heart failure,
unstable angina and manifest CVD [112–114].

5. Clinical Aspects of CCS Diagnosis Using (EV) Blood Tests

The population suspected of CCS is very heterogenous, ranging from patients presenting with clear
symptoms and obstructive CAD to patients with nonspecific chest pain without obstructive CAD and
everything in between. The current ongoing search towards a biomarker for more accurate detection of
CCS is being developed to apply to all patients suspected for CCS but, considering the heterogeneity
in this population, this should raise questions. A study performed by Ouellete et al. found clear
differences in the clinical profile of patients with respectively normal, near normal, nonobstructive CAD
and obstructive CAD [115]. These differences in clinical profiles between the groups seem obvious but
are important in the development of a future biomarker. A more patient-tailored search for a future
biomarker focusing on specific subgroups seems reasonable. Moreover, considering the fact that EV
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content enable us to look at cellular level, one could imagine the EV content of a patient with a known
history of CAD is not comparable to a patient with new-onset disease.

An important subject within this heterogeneity that merits consideration is sex. Although sex
differences are established and acknowledged regarding clinical symptoms and pathophysiology,
the exact underlying mechanisms are barely understood [116]. Evolving knowledge supports the
differences in pathophysiology, diagnostic test performance and also prognosis [117–119]. Women tend
to have less obstructive CAD and more often a preserved ejection fraction, yet higher mortality rates
and more extensive myocardial ischemia [118]. Women often present with more complex signs and
symptoms. It was suggested that this is due to a more complex and multifactorial pathophysiological
process compared to men [119]. A large study investigating biomarkers within CVD showed a
difference in protein profile between men and women of almost 85% [120]. Research performed in EVs
also showed differences in the associations of both EV count as well as content with clinical outcomes
stratified on clinical factors [103,108,112].

These data and hypotheses raise the question whether future studies on biomarkers should focus
on predefined subgroups of patients rather than the entire “suspected CCS” group. It emphasizes the
need to incorporate clinical aspects associated with CCS into future studies with EVs. From our point
of view, the most important clinical aspects that merit attention are sex, age and the cardiovascular
status of a patient. This cardiovascular status refers to whether or not a patient is already known with
atherosclerotic disease or if a patient previously received (invasive) treatment. Until now, EV studies
in CCS did not have enough power to perform reliable subanalyses to reveal different associations
within this heterogenous group. It might be possible that we need to develop different biomarkers,
or cut-offs, within the entire group of patients suspected of CCS.

6. Future Perspectives

Despite great efforts of the internation society of extracellular vesicles (ISEV) to standardize EV
research and improve reproducibility, it remains difficult to compare results between studies [56]. This is
mainly because studies still use numerous different techniques for isolation and quantification [121].
There are various protocols for sample preparation, processing and centrifugation, which are known
to cause different results [122]. Currently, flow cytometry is the most used method to quantify EVs
(see also Table 1). This method is standardized and accepted for the identification and detection of
different cell types, however, is most reliable for particles >200 nm [123]. Considering the fact that
most EVs are around 100–120 nm in the blood on average, it is questionable whether this is the best
method to count circulating EVs. Also, it does not enable measuring EV contents besides proteins
stained on the EV membrane.

6.1. Automation

One reason why the use of EVs in clinical practice is hampered is the inability to use
high-throughput isolation techniques [122]. Currently, ultracentrifugation is often used to isolate EVs
from whole plasma, however, this is time-consuming, labor intensive and requires many manual
steps [107]. Before clinical implementation of EVs is considered, large confirmatory trials are
needed [104]. Considering the current time effort, costs and the amount of precious clinical blood used
for the isolation and quantification of EVs, this is a disillusion. Future studies should therefore focus
on development of an automated method for EV isolation, purification and downstream analysis [124],
ideally using very small sample volumes to improve chances for clinical implementation.

6.2. Internal Standard

The use of a reliable internal standard would also increase the chances for clinical implementation.
As rightly opposed by Loyer et al., despite efforts to identify specific subpopulations of EVs with
specific membrane markers, very few studies report the purity of their obtained subpopulations [13].
Improvement can be obtained with an internal standard for the number of EVs per milliliter plasma
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in a sample. For this, a housekeeping protein present in all EVs (e.g., beta-actin) might be a way of
developing such a standard. Alongside this, an internal control to visualize the loss of EVs during
isolation is needed. Labeled synthetic beads or liposomes might be used for this. Already, these two
standards could improve reproducibility and accuracy of EV count and content and measurements in
precious clinical samples.

6.3. Future Directions

Future studies should focus on clinical applicability by developing internal standards and
introduce automation and standardization of EV isolation and quantification [56]. Larger cohorts
are warranted in order to derive valid clinical prediction models that enable the added value of EV
contents as biomarkers to be shown, particularly when taking the heterogeneity within CCS patients
into account.

Since EV protein content are based on established immunoassays and are increasingly showing
merit in the diagnosis and prognosis of CVD, including the potential for automation and standardization,
we expect this to prevail in this field in the next few years.

Although technical challenges still have to be resolved, we anticipate that EVs will be used as a
reliable source for research into the diagnosis and prognosis of CCS in the next few years. This could
potentially contribute to more personalized medicine and a more efficient use of our healthcare system.
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Microparticles Generated During Acute Myocardial Infarction and Stable Angina Correlates with Platelet
Activation. Arch. Med. Res. 2012, 43, 31–35. [CrossRef]

97. Biasucci, L.M.; Porto, I.; Di Vito, L.; De Maria, G.L.; Leone, A.M.; Tinelli, G.; Tritarelli, A.; Di Rocco, G.;
Snider, F.; Capogrossi, M.C.; et al. Differences in microparticle release in patients with acute coronary
syndrome and stable angina. Circ. J. 2012, 76, 2174–2182. [CrossRef] [PubMed]

98. Tan, K.T.; Tayebjee, M.H.; Macfadyen, R.J.; Lip, G.Y.H.; Blann, A.D. Elevated platelet microparticles in stable
coronary artery disease are unrelated to disease severity or to indices of inflammation. Platelets 2005, 16,
368–371. [CrossRef]

99. Werner, N.; Wassmann, S.; Ahlers, P.; Kosiol, S.; Nickenig, G. Circulating CD31+/annexin V+ apoptotic
microparticles correlate with coronary endothelial function in patients with coronary artery disease.
Arterioscler. Thromb. Vasc. Biol. 2006, 26. [CrossRef]

http://dx.doi.org/10.1164/rccm.201012-2061OC
http://www.ncbi.nlm.nih.gov/pubmed/21471087
http://dx.doi.org/10.1016/j.jacc.2008.01.040
http://dx.doi.org/10.1016/j.ajpath.2013.01.035
http://www.ncbi.nlm.nih.gov/pubmed/23499464
http://dx.doi.org/10.1161/01.ATV.0000249639.36915.04
http://dx.doi.org/10.1152/ajpheart.00193.2008
http://dx.doi.org/10.1093/eurheartj/ehq478
http://dx.doi.org/10.1016/j.jacc.2009.05.022
http://dx.doi.org/10.1016/j.jacc.2005.02.047
http://dx.doi.org/10.3109/00365513.2015.1086928
http://dx.doi.org/10.1161/CIRCRESAHA.114.301904
http://dx.doi.org/10.1002/clc.22566
http://www.ncbi.nlm.nih.gov/pubmed/27410166
http://dx.doi.org/10.1016/S0002-8703(03)00103-0
http://dx.doi.org/10.1016/j.atherosclerosis.2018.04.012
http://dx.doi.org/10.1161/01.CIR.101.8.841
http://www.ncbi.nlm.nih.gov/pubmed/10694520
http://dx.doi.org/10.1016/j.arcmed.2012.01.006
http://dx.doi.org/10.1253/circj.CJ-12-0068
http://www.ncbi.nlm.nih.gov/pubmed/22664782
http://dx.doi.org/10.1080/00207230500120401
http://dx.doi.org/10.1161/01.ATV.0000191634.13057.15


Int. J. Mol. Sci. 2020, 21, 9128 19 of 20

100. Song, R.; Chou, Y.I.S.; Kong, J.; Li, J.; Pan, B.; Cui, M.; Zhou, E.; Zhang, Y.; Zheng, L. Association of endothelial
microparticle with NO, eNOS, ET-1, and fractional flow reserve in patients with coronary intermediate
lesions. Biomarkers 2015, 20, 429–435. [CrossRef]

101. Hu, S.S.; Zhang, H.G.; Zhang, Q.J.; Xiu, R.J. Small-size circulating endothelial microparticles in coronary
artery disease. PLoS ONE 2014, 9. [CrossRef]

102. Connolly, K.D.; Willis, G.R.; Datta, D.B.N.; Ellins, E.A.; Ladell, K.; Price, D.A.; Guschina, I.A.;
Rees, D.A.; James, P.E. Lipoprotein-apheresis reduces circulating microparticles in individuals with familial
hypercholesterolemia. J. Lipid Res. 2014, 55. [CrossRef] [PubMed]

103. Zhang, Y.N.; Vernooij, F.; Ibrahim, I.; Ooi, S.; Gijsberts, C.M.; Schoneveld, A.H.; Sen, K.W.; Den Ruijter, H.M.;
Timmers, L.; Richards, A.M.; et al. Extracellular vesicle proteins associated with systemic vascular events
correlate with heart failure: An observational study in a dyspnoea cohort. PLoS ONE 2016, 11, 1–19.
[CrossRef] [PubMed]

104. Jansen, F.; Nickenig, G.; Werner, N. Extracellular vesicles in cardiovascular disease. Circ. Res. 2017, 120,
1649–1657. [CrossRef] [PubMed]

105. Chambers, A.G.; Percy, A.J.; Simon, R.; Borchers, C.H. MRM for the verification of cancer biomarker proteins:
Recent applications to human plasma and serum. Expert Rev. Proteom. 2014, 11, 137–148. [CrossRef]
[PubMed]

106. Vélez, P.; Parguiña, A.F.; Ocaranza-Sánchez, R.; Grigorian-Shamagian, L.; Rosa, I.; Alonso-Orgaz, S.;
De la Cuesta, F.; Guitián, E.; Moreu, J.; Barderas, M.G.; et al. Identification of a circulating microvesicle
protein network involved in ST-elevation myocardial infarction. Thromb. Haemost. 2014, 112. [CrossRef]
[PubMed]

107. Gidlöf, O.; Evander, M.; Rezeli, M.; Marko-Varga, G.; Laurell, T.; Erlinge, D. Proteomic profiling of
extracellular vesicles reveals additional diagnostic biomarkers for myocardial infarction compared to plasma
alone. Sci. Rep. 2019, 9. [CrossRef] [PubMed]

108. Dekker, M.; Waissi, F.; Van Bennekom, J.; Silvis, M.J.M.; Timmerman, N.; Bank, I.E.M.; Walter, J.E.;
Mueller, C.; Schoneveld, A.H.; Schiffelers, R.M.; et al. Plasma extracellular vesicle proteins are associated
with stress-induced myocardial ischemia in women presenting with chest pain. Sci. Rep. 2020, 10. [CrossRef]

109. Wang, J.W.; Zhang, Y.N.; Sze, S.K.; Van de Weg, S.M.; Vernooij, F.; Schoneveld, A.H.; Tan, S.H.; Versteeg, H.H.;
Timmers, L.; Lam, C.S.P.; et al. Lowering low-density lipoprotein particles in plasma using dextran sulphate
co-precipitates procoagulant extracellular vesicles. Int. J. Mol. Sci. 2018, 19, 94. [CrossRef]

110. Kanhai, D.A.; Visseren, F.L.J.; Van Der Graaf, Y.; Schoneveld, A.H.; Catanzariti, L.M.; Timmers, L.;
Kappelle, L.J.; Uiterwaal, C.S.P.M.; Lim, S.K.; Sze, S.K.; et al. Microvesicle protein levels are associated with
increased risk for future vascular events and mortality in patients with clinically manifest vascular disease.
Int. J. Cardiol. 2013, 168, 2358–2363. [CrossRef]

111. Vrijenhoek, J.E.; Pasterkamp, G.; Moll, F.L.; De Borst, G.J.; Bots, M.L.; Catanzariti, L.; Van De Weg, S.M.;
De Kleijn, D.P.V.; Visseren, F.L.; Ruijter, H.M.D. Extracellular vesicle-derived CD14 is independently
associated with the extent of cardiovascular disease burden in patients with manifest vascular disease. Eur. J.
Prev. Cardiol. 2015, 22, 451–457. [CrossRef]

112. De Hoog, V.C.; Timmers, L.; Schoneveld, A.H.; Wang, J.W.; Van De Weg, S.M.; Sze, S.K.; Van Keulen, J.K.;
Hoes, A.W.; Den Ruijter, H.M.; De Kleijn, D.P.; et al. Serum extracellular vesicle protein levels are associated
with acute coronary syndrome. Eur. Heart J. Acute Cardiovasc. Care 2013, 2, 53–60. [CrossRef] [PubMed]

113. Dekker, M.; Waissi, F.; Van Bennekom, J.; Silvis, M.J.M.; Timmerman, N.; Schoneveld, A.H.; Grobbee, D.E.;
De Winter, R.J.; Mosterd, A.; Timmers, L.; et al. Extracellular Vesicle cystatin c is associated with unstable
angina in troponin negative patients with acute chest pain. PLoS ONE 2020, 15, e0237036. [CrossRef]
[PubMed]

114. Kranendonk, M.E.G.; De Kleijn, D.P.V.; Kalkhoven, E.; Kanhai, D.A.; Uiterwaal, C.S.P.M.; Van Der Graaf, Y.;
Pasterkamp, G.; Visseren, F.L.J.; Doevendans, P.A.; Algra, A.; et al. Extracellular vesicle markers in relation
to obesity and metabolic complications in patients with manifest cardiovascular disease. Cardiovasc. Diabetol.
2014, 13, 1–11. [CrossRef] [PubMed]

115. Ouellette, M.L.; Löffler, A.I.; Beller, G.A.; Workman, V.K.; Holland, E.; Bourque, J.M. Clinical characteristics,
sex differences, and outcomes in patients with normal or near-normal coronary arteries, non-obstructive or
obstructive coronary artery disease. J. Am. Heart Assoc. 2018, 7, 1–13. [CrossRef] [PubMed]

http://dx.doi.org/10.3109/1354750X.2015.1094140
http://dx.doi.org/10.1371/journal.pone.0104528
http://dx.doi.org/10.1194/jlr.M049726
http://www.ncbi.nlm.nih.gov/pubmed/25121984
http://dx.doi.org/10.1371/journal.pone.0148073
http://www.ncbi.nlm.nih.gov/pubmed/26820481
http://dx.doi.org/10.1161/CIRCRESAHA.117.310752
http://www.ncbi.nlm.nih.gov/pubmed/28495995
http://dx.doi.org/10.1586/14789450.2014.877346
http://www.ncbi.nlm.nih.gov/pubmed/24476379
http://dx.doi.org/10.1160/TH14-04-0337
http://www.ncbi.nlm.nih.gov/pubmed/25007837
http://dx.doi.org/10.1038/s41598-019-45473-9
http://www.ncbi.nlm.nih.gov/pubmed/31222168
http://dx.doi.org/10.1038/s41598-020-69297-0
http://dx.doi.org/10.3390/ijms19010094
http://dx.doi.org/10.1016/j.ijcard.2013.01.231
http://dx.doi.org/10.1177/2047487313518478
http://dx.doi.org/10.1177/2048872612471212
http://www.ncbi.nlm.nih.gov/pubmed/24062934
http://dx.doi.org/10.1371/journal.pone.0237036
http://www.ncbi.nlm.nih.gov/pubmed/32756583
http://dx.doi.org/10.1186/1475-2840-13-37
http://www.ncbi.nlm.nih.gov/pubmed/24498934
http://dx.doi.org/10.1161/JAHA.117.007965
http://www.ncbi.nlm.nih.gov/pubmed/29720503


Int. J. Mol. Sci. 2020, 21, 9128 20 of 20

116. Shaw, L.J.; Bugiardini, R.; Bairey Merz, C.N. Women and Ischemic Heart Disease: Evolving Knowledge
Leslee. J. Am. Coll. Cardiol. 2009, 54, 1561–1575. [CrossRef] [PubMed]

117. Shaw, L.J.; Shaw, R.E.; Merz, C.N.B.; Brindis, R.G.; Klein, L.W.; Nallamothu, B.; Douglas, P.S.; Krone, R.J.;
McKay, C.R.; Block, P.C.; et al. Impact of Ethnicity and Gender Differences on Angiographic Coronary
Artery Disease Prevalence and In-Hospital Mortality in the American College of Cardiology–National
Cardiovascular Data Registry. Circulation 2008, 117, 1787–1801. [CrossRef]

118. Shaw, L.J.; Bairey Merz, C.N.; Pepine, C.J.; Reis, S.E.; Bittner, V.; Kelsey, S.F.; Olson, M.; Johnson, B.D.;
Mankad, S.; Sharaf, B.L.; et al. Insights from the NHLBI-sponsored Women’s Ischemia Syndrome Evaluation
(WISE) study. Part I: Gender differences in traditional and novel risk factors, symptom evaluation, and
gender-optimized diagnostic strategies. J. Am. Coll. Cardiol. 2006, 47, S4–S20. [CrossRef]

119. Bairey Merz, C.N.; Shaw, L.J.; Reis, S.E.; Bittner, V.; Kelsey, S.F.; Olson, M.; Johnson, B.D.; Pepine, C.J.;
Mankad, S.; Sharaf, B.L.; et al. Insights from the NHLBI-sponsored Women’s Ischemia Syndrome Evaluation
(WISE) study. Part II: Gender differences in presentation, diagnosis, and outcome with regard to gender-based
pathophysiology of atherosclerosis and macrovascular and microvascular cor. J. Am. Coll. Cardiol. 2006, 47,
S21–S29. [CrossRef]

120. Lau, E.S.; Paniagua, S.M.; Guseh, J.S.; Bhambhani, V.; Zanni, M.V.; Courchesne, P.; Lyass, A.; Larson, M.G.;
Levy, D.; Ho, J.E. Sex Differences in Circulating Biomarkers of Cardiovascular Disease. J. Am. Coll. Cardiol.
2019, 74, 1543–1553. [CrossRef]

121. Bank, I.E.M.; Timmers, L.; Gijsberts, C.M.; Zhang, Y.N.; Mosterd, A.; Wang, J.W.; Chan, M.Y.; De Hoog, V.;
Lim, S.K.; Sze, S.K.; et al. The diagnostic and prognostic potential of plasma extracellular vesicles for
cardiovascular disease. Expert Rev. Mol. Diagn. 2015, 15, 1577–1588. [CrossRef]

122. Lacroix, R.; Judicone, C.; Poncelet, P.; Robert, S.; Arnaud, L.; Sampol, J.; Dignat-George, F. Impact of
pre-analytical parameters on the measurement of circulating microparticles: Towards standardization of
protocol. J. Thromb. Haemost. 2012, 10. [CrossRef] [PubMed]

123. Kormelink, T.G.; Arkesteijn, G.J.A.; Nauwelaers, F.A.; Van den Engh, G.; Nolte-’t Hoen, E.N.M.;
Wauben, M.H.M. Prerequisites for the analysis and sorting of extracellular vesicle subpopulations by
high-resolution flow cytometry. Cytom. Part A 2016, 89. [CrossRef] [PubMed]

124. Verma, M.; Lam, T.K.; Hebert, E.; Divi, R.L. Extracellular vesicles: Potential applications in cancer diagnosis,
prognosis, and epidemiology. BMC Clin. Pathol. 2015, 15, 1–9. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jacc.2009.04.098
http://www.ncbi.nlm.nih.gov/pubmed/19833255
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.726562
http://dx.doi.org/10.1016/j.jacc.2005.01.072
http://dx.doi.org/10.1016/j.jacc.2004.12.084
http://dx.doi.org/10.1016/j.jacc.2019.06.077
http://dx.doi.org/10.1586/14737159.2015.1109450
http://dx.doi.org/10.1111/j.1538-7836.2011.04610.x
http://www.ncbi.nlm.nih.gov/pubmed/22212198
http://dx.doi.org/10.1002/cyto.a.22644
http://www.ncbi.nlm.nih.gov/pubmed/25688721
http://dx.doi.org/10.1186/s12907-015-0005-5
http://www.ncbi.nlm.nih.gov/pubmed/25883534
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Current Diagnostic Plasma Biomarkers in CCS 
	Single Plasma Biomarker Approach 
	Natriuretic Peptides 
	High-Sensitive Cardiac Troponin 
	C-Reactive Protein 

	Multimarker Approach 

	EV Origin 
	EVs as Diagnostic Biomarkers in Atherosclerosis 
	Extracellular Vesicle Count in CCS 
	Extracellular Vesicle Content 

	Clinical Aspects of CCS Diagnosis Using (EV) Blood Tests 
	Future Perspectives 
	Automation 
	Internal Standard 
	Future Directions 

	References

